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This invention relates generally to a medical valve, and in particular to a
valve which, when connected beriveen a first medical implement, such as a
fkrid source, and s second medical implement, such as a catheter,
facgitates fluid flow 5 therebetween, and when the first medical implement
is disconnected therefrom, induces a positive flow of fluid through the
valve in the direction of the second medical implement 3~ckarQitnd of the
Mvern ikon The manipulation of fluids for parenteral administration in
hospitals and medical settings routinely invoHes the use of connectors and
vahres for seiectirely faciktatinp the movement of fluids between two
points. These valves are 10 typically placed along a fluid flow ine leading
to a patient or other destination. For example, the tube may lead to a
catheter having its tip posit'roned witiwn a patient. The valve ~ arranged
so that a fluid source or other line may be connected thereto for providing
a fluid flow from the source to the patient When the fluid source or line
is removed, the valve closes, sealing the line leading to the patient. The
element which is cormected to the valve may comprise s tube or other
medical implement such as a conduit, I S syringe, i11 set (both peripheral
and central lined, piggyback bne, or similar component which is adapted for
connection to the medical valve. Unfortunately, pr'ror art valves suffer
from a problem arising from the disconnection of these medical implements
from the vahre. , These valves define a space within them through which a
fluid or other material may slow from the implement to the line on which
the valve is mounted. When the medical implement is connected to the valve)
it typically occupies a 20 portion of this internal rahre space) displacing
the fluid (whether it be a squid or air! within the valve. A problem arises
when the medical implement is disconnected from the calve. When the
implement is disconnected, it no longer occupies a portion of the space in
the valve. Tire increase in space within the valve results in the fluid in
the valve and 6ne to which the valve is connected moving to fill the space.
In effect) the removal of the implement creates a suction force which draws
fluid into the velre. 25 In the medical setting, this movement of fluid is
very undesirable. When the vahe is connected to a fluid line leading to a
patient. the movement of fluid through the line towards the space in the
valve has the effect of drawing blood from the patient in the dWection of
the valve. A serious problem may result in that this blood may clot and
clop the catheter near its tip, rendering it inoperable, and may even
result in a clot of blood in the patient, which may prove fatal. One
attempt at overcoming this dogging problem has been to coat the inner
surface of the catheter near its tip in 30 order to prevent blood from
sticking to its interior surfaces. This method has generally been
unsuccessful in preveming clogging of the catheter. The risk of blood
clogging of the catheter is significantly heightened where the inner
diameter of the catheter is smaN (e.g., 27 gauge!. These small catheters
have the advantage, however, that they reduce the trauma and discomfort
caused by insertion into a patient. Because these catheters have a very
small passage therethrough, even a smab suction i~mumuwdmain   ~~ 4 NOV
Q002 WO 99I58186 PCTIUS99/10713 force may draw sufficient amo~t of fluid
back through a catheter toward the valve to introduce blood into the
catheter tip, which blood may clog the catheter's passage. Overcoming the
abovestated problem is made more difficult when considering other uiteria
which the vahre must satisfy. For example, the valve should be arranged to
so that it does not have any fluid stagnation points. If the fluid S is
agowed to stagnate in one or more areas of the vahre, bacteria growth and
other problems may occur. In addit'ron, the valve should have an internal
flow path which is smooth. Sharp edges and comers may damage blood cells
and cause hemolysis. A valve which overcomes the abovestated problems is
desired. 10 Summa~_af the Invention In accordance with the present
invention there is provided a valve which is advantageously utilized
between two medical implements. The valve of this invention has several
features, no single one of which is solely responsible for its desirable
attributes. 



Most importantly, the vahre is arranged to provide a positive flow li.e.
the movement of fluid in the direction out 15 of the valve as opposed to
into the valve) when one of the medical implements is ~sconnected therefrom
At the same time, the valve is safe, reliable and capable of being used
repeatedly, is simple to manufacture and use, and is suitable for high
pressure applications. The valve of the present invention is particularly
suited to use in an application where one of the medical implements
comprises a catheter having its tip positioned in a patient. In a preferred
embodiment the second medics) 20 implement comprises a fluid source having
a connector f or connection to the valve. The valve of the present inremion
has a fluid space which expands upon connection of the second medcal
implement and contracts upon discomection of the medical implement. VYhen
the vows is connected to a catheter, disconnection of the second medical
implement creates a positive fbw from the valve to the catheter tip upon
disconnection of the medical implement to avoid the potential problems of
blood~clogging. The valve is particularly suited 25 for applications with a
catheter where it is desaable to avoid negative flow, but may be used for
other application: as weg. Preferably, the valve includes a housing adapted
for connection to a first medical implement and a second medical implement.
The vahre defines a fluid space therein, and includes means for increasing
the fluid space when the second medical implement is connected, and for
decreasing the fhtid space when the second medical implement is
disconnected. Means are also preferably provided for defining a thud path
through the valve when both medical implements 30 are connected thereto,
and for closing the fluid path when the second medical implement is
disconnected. Further objections, features and advantages of the present
invention over the prior art wig become apparent from the detailed
desuiption of the drawings which follows, when considered with the attached
figures. Brief Description of the Drawinos -2   1 4 NO V ~D2 W O 99/58186
PCTNS99I10713 FIGURE 1 illustrates a valve m accordance with the present
invention as used to selectively provide fluid from a fluid source
connected to a fluid Gne leading to a catheter which is inserted into a
patier8; FIGURE Z is a plan view of a housing of the vaHe in accordance
with a first embodiment of the present invention; FIGURE 3 is a top view of
the housing illustrated in Figure 2; S FIGURE 4 is a side view of the
housing illustrated in F~pure 2; FIGURE 5 is an end view of the housing
illustrated in Figure 2; FIGURE 6 a a sass-sectional side view of the
housing illustrated in Figure 2 and taken sloop Gne 6-6 therein; FIGURE 7 a
a perspective view of the valve in accordance with the frcst embodiment of
the present invemion; FIGURE 8 is a top view of the valve illustrated in
Frpure 7; 10 FIGURE 9 is a fast end view of the valve ilhrstrated in Figure
7; FIGURE 1f1 a an opposite end view of the valve illustrated in Figure 9;
FIGURE i 1 is a aoss-sectional view of the valve illustrated in Figure 7,
taken along line i 1. i 1 therein, illustrating 



a piston of the valve in an uncompressed position; FIGURE 12 is a
cross-sectional view of the valve as ilhutrated in Figure 11, with the
piston in a second or I 5 compressed position udTuing the tip of a medical
implement; FIGURE 13 is a perspective view of the piston of the calve of
the first embodiment of the present invention; FIGURE 14 is a top view of
the piston iaustrated in Frpure 13; FIGURE 15 is a side view of the piston
illustrated in Figure 13; FIGURE 16 a a aoss-sectional side view of the
piston ilhntreted in Figure 14, taken along Gne 16-16 therein; 20 FIGURE 17
is an end view of the piston illustrated in Figure 14; FfGURE 1 B is a
cross-sectional side view of s vahre in aaadance with a second embodiment
of the present invention, illu:crating a piston of the valve in a fast
positan; FIGURE 19 is a cross-sectional side view of the vaHe as
illustrated in Figure 18, with the piston in a second position; 25 FIGURE
20 is a cross-sectional side view of a calve in accordance with a third
embodiment of the presant invention) ilhutrating a piston of the valve in a
first position: FIGURE 21 a a aoss-sectional side view of the calve as
illustrated in Figure 20. with the piston in a second position; FIGURE Z2
is a cross-sectional side view of a valve in accordance with a fourth
embodiment of the present 30 invention, illustrating a piston of the valve
in a first posit-ron; FIGURE 23 is a cross-sectional side view of the valve
as illustrated in Figure 22, with the piston in a second position; FIGURE
24 is a cross-sectional side view of a valve in accordance with a fifith
embodiment of the present invention, illustrating a pair of pistons of the
valve in a first position; -3   ~ 4 NOV 2002 WO 99I58186 PfT/US99/10713
FIGURE 25 is a uoss-sect-'ronal side view of the valve as ~lustrated in
Figure 24) with the pistons in a second position; FIGURE 26 is a
uoss-sectional side view of a valve in accordance with a sixth embodiment
of the present invention, illustrating a piston of the valve in a frcst
position; 5 FIGURE 27 is a cross-sectional side view of the valve as
illustrated in Figure 26, with the piston in a second position; FIGURE 28
is a uoss-sectional side view of a valve in accordance with a seventh
embodiment of the present invention, illustrating a piston of the valve in
a first position; FIGURE 29 is a uoss-sectional side view of the valve as
glustrated in Figure 28, with the piston in a second 



10 position; FIGURE 30 is a uoss-sectional side riew of a valve in
accordance with a eighth embodiment of the present invention, illustrating
a resilient ektmern of the vahre in a first position; FIGURE 31 is a
cross-sectional side view of the valve as ilustrated in Figure 30, with the
element in a second position; 15 FIGURE 32 is a uoss-sectanal side view of
a valve in accordance with a ninth embodiment of the present invei~ion,
illustrating a seal of the vawe in a first position; FIGURE 33 is a
cross-sect-tonal side view of the valve as glustrated in Figure 32) with
the seal in a second position; FIGURE 34 is a uoss-sectional side view of a
valve in accordance with a tenth embodiment of the present 20 invention,
illustrating a diaphragm of the valve in a first position; FIGUR E 35 is a
cross-sectional side view of the valve as illustrated in Figure 34, with
the diaphragm in a second position: FIGURE 36 is a perspective view of a
valve in accordance with an eleventh embodirtiem of the present invention;
FIGURE 37 is a top view of the valve ilhistrated in Figure 36: 25 FIGURE 38
is a uoss-sect-'ronal view of the vahre illustrated in Figure 37 taken
along ire 38-38 therein and illustrating a piston of the valve in a first
position; FIGURE 39 is a cross-sectional view of the valve illustrated in
Fgun 37 taken along 6ne 39-39 therein and illustrating the piston of the
vahre in a second position; FIGURE 40 is a perspective view of a housing of
the valve illustrated in Figure 36; 30 FIGURE 41 is a top riew of the
housing illustrated in Figure 40; FIGURE 42 is a cross-sectional view of
the housing illustrated in Figure 41 taken along line 42-02 therein; FIGURE
43 is a uoss-sectional view of the housing illustrated in Figure 41 taken
along line 433 therein; FIGURE 44 is a perspective view of the piston of
the valve; FIGURE 45 is a top view of the piston ibustrated in Figure 44;
~ 4 N 0 V 202 WO 99/58186 NCTlIJS99/lt)713 FIGURE 4& is a side view of the
piston illustrated in Frpure 44; FIGURE 47 is a second side view of the
piston illustrated in Frpure 44; FIGURE 48 is a uoss-sectional view of the
piston illustrated in Figure 46 taken along fine 48-48 therein; ' FIGURE 49
is a cross-sectional view of a valve in accordarrce with a twelfth
embodiment of the present 5 invention, illustrated with a sea! thereof in a
first position; r FIGURE 5D is a uoss-sectional view of the ralve
ibustrated in Fgure 49 with the seal in a second position; FIGURE 51 is a
uoss-sectional view of a vahre in accordance with a thirteenth embodiment
of tM present 10 invention, illustrated with a seal thereof in a first
position; and 



FIGURE 52 is a cross-sectional view of the valve illustrated in Figure 51
with the seal in a second position. Detailed Description of the Preferred
Embodiments Figures 1 ~ 17 illustrate a valve 20 in accordance with a first
embodiment of the present invention. Figure 1 illustrates a particular use
of the valve 20 to which the valve ZO is well suited. Of course, the valve
20 may be used in a variety of other manners. As illustrated in Figure 1,
the valve 20 may advantageously be used to selectively control the flow of
fluid to a 15 catheter 22 from a fluid source 24 such as an LY. bag. In
this arrangement, a f'ust medical inplement 21 is connected to the valve
20. The first medical implement 21 comprises a tube 23 leading to a
catheter 22. One end of the tube 23 a connected to the valve 20, and the
catheter 22 has'rts tip positioned in a patient. A second medical implement
26 is also connected to the valve 20. The second medical implement 26
comprises a connecting member 27 positioned at one end of a wbe 29 which
leads to the LV. bag 24. 20 When so connected, the valve 20 permits fluid
to flow from the LV. bag 24 or other medical fluid source to the catheter
22 and into the patient. The valve 20 is also arranged so that when the
second medical implement 26 is disconnected, fluid flow through the valve
20 is prevented. In addition. when the second medical implement 26 is
disconnected, the valve 20 generates a "positive" fhad flow, i.e. flow of
fluid in the direction of the patient, thereby preventing blood clogging of
the catheter 22 25 The first embodiment of the valve 20 of the present
invention will now be desuibed in more detail As illustrated in Figures
2-8, the valve 20 includes a housing 28. The housing 28 is generally
"T"-shaped. having a main portion with a first end 30 defining a first port
31 and having an opposing cbsed second end 32. A branch 33 extends
outwardly from the main portion of the housing 2B. The branch 33 has a
third end 34 defining a second or branch port 35. flee Figure 7.) 30
Referring to Figure 6, a main passage 36 is defined by an inner surface of
a wall of the housing 2B. and extends from the first end 30 to the second
end 32 thereof. In addition, a branch passage 38 extends from the main
passage 36 through the branch port to the third end 34. As stated above,
the second end 32 of the housing 28 is closed. Preferably, an end cap 40 is
positioned in the second end 32 of the housing 2B. -5   ,~ 4 NOV 2002 WO
99/58186 PCTIUS99/10713 Excepting the branch portion 33, the housing 28 is
generally cylindrical, as is the main~passage 36. The first end 30 of the
housing 28 is adapted to receive the cannufa tip or nose 37 of an ANSI
standard syringe, as illustrated in Figure 12. As such, the passage 36 at
the first end has a diameter larger than the nose of this type of syringe.
It is, however, ., contemplated that the diameter of the passage 36 can be
of any sae to accommodate the attachment of other connector 5 devices
thereto. Preferably) means are prorided for locking the medical implement
26 to the first end 30 of the valve 20. M the 



preferred embodiment, threads 44 are positioned on the outer surface of the
housing 28 at the first end 30 for mating engagement with threads on the
connector 27 of the second medical implement 26. Other locking means known
to those skiled in the art may be used instead of the threads 44. 10 As the
main passage 36 is peneraNy cylindrical, the end cap 40 is generaNy
circular. The cap 4D engages the waU of the housing 28 at the second end 32
to close the passage. The end cap 40 preferably includes an outwardly
extending tab 46 on its peripheral edge for engaging the inside surface of
the housing 28 in the passsge 36 for locking the end cap 40 in place. For
reasons described in more detail below, the diameter of the passage 36 at
the first end 30 of the housing 28 a 15 is smaller than that at the second
end 32. As illustrated, the passage 36 narrows (moving in a direction from
the second towards the first end 32,30f near where the branch passage 38
extends from the main passage 36. in addition, the main passage 36 narrows
again beyond the branch passage 38 near the first end 30. A circumferential
ledge 4B is formed at that point where the main passage 36 nartows near the
first end 32 As illustrated in Figures 11 and 12) a piston 42 is slidably
positioned within the main passage 36. Referring to ~20 Figures 1317, the
piston 42 is generaNy cylindrical, having a maximum outer diameter which is
just slightly smaller than the max'rtnum diameter of the passage 36. The
piston 42 hat a f'rtst end 50 and a second end 52 and a length from end to
end which is less than the distance from the first end 30 to the second end
32 of the housing 28. The piston 42 has a head 54 at its first end 50. As
illustrated, the head 54 is circular in outer shape, but has a slanted end
surface 58. A neck 58 extends from the head 54 to a body 60. The neck 58
preferably has a reduced 25 diameter as compared to the head 54. An
"0"-ring 67 or similar seal is positioned around the reduced diameter neck
58 for engagement with the adacent waN of the housing 28. A first portion
of the body 60 adjacent the neck 58 has a smaller diameter than a second
portion of the body 60 positioned nearer the second end 52. The transition
between these two sections creates a shoulder 62. The shouhier 82 is
arranged to engage the ledge 48 in the passage 36 of the housing,
preventing removal of the piston 42 from the first end 30 30 of the housing
28. A pair of elongate cut-outs or depressions 64 are formed on opposite
sides Ii.e.180 degrees from one another) in the second portion of the body
60 of the piston 42. The cutouts 64 are trough shaped, end extend inwardty
to a radial depth which is equal to the height of the shoulder 62 Iso that
the bottom of the cut-out is at the same level as the exterior of the
housing at the first portion of the body).   1 4 N O V 2'002 WO 99I58186
f'CT/US99/10713 A groove 66 is formed in the piston 42 near its second end
52 Preferably, a seal 6_8 lsee Figures 11 and 12) is positioned in this
groove 66. The seal 68 is preferably an "0"-ring comprised of rubber or a
sknilar resilient, sealing malarial. In the preferred embodiment, the
piston 42 is hollow, having a recessed area therein. As illustrated, the
recessed 5 area comprises a bore or passage 72 extending inwardly from the
second end 52 thereof. The bore 72 prefaabiy has three diameters, the
Largest of which is near the second end 52) and tapeiurg in diameter in two
steps to two other diameters which are less than the first. The bore 72 is
in commurocation with the passage 36 within the housing 28. The bore 72
preferably has the three diameters so that the wall of the housing 28 has a
generally uniform thickness, which facilitates molding. Those of skid in
the art wiN appreciate that the bore 72 may have more or less than three
different diameters. 



10 The assembled valve 20) wherein the piston 42 is positioned in the
housing 28, is glustrated in Figures 7-12 As _ illustrated, the seal 68
divides the main passage 36 into a fast cavity or chamber 39 and a second
cavity or chamber 41. The first chamber 39 comprises the space between the
end cap 40 and the second end 52 of the piston 42, as wet as the space
defined within the piston 42 by the bore 72 The second chamber 41 is that
space from the seal 68 to the fast end 3D of the housing 28 not occupied by
the piston 42. l 5 As illustrated in Figures 11 and 12, the piston 42 is
moveable trom a first or "uncompressed" position in which the shoulder 62
engages the ledge 48 and the first end 50 of the piston 42 extends
outwardly of the first end 30 of the housing 28, to a second or
"compressed" position in which the piston 42 is moved in the direction of
the second end 32 of the housing 28. Means are provided for biasing the
piston 42 into its fast position. Preferably, the means comprises a sprrt~p
70. 20 The spring 70 is of the helical variety, evil has its first end
engaging the cap 40 and its second end engaging the piston 42) preferably
inside the bore 72 at a ledge ueated at a change in diameters thereof. The
first chamber 39 is air filled. In order to accommodate the movement of the
piston 42 towards the second end 32 of the housing 28, an air vent 75 is
preferably provided through the end cap 40 (see also Figure 5). The a'a
vent 75 is a passage through the cap 40 from the chamber 39 to the exterior
of the valve 20 which avows air to flow into and out 25 of the chamber 39.
The branch 33 extends generally perpendicularly from the remainder of the
housing 28 between its first evil second ends 30,32. The branch 33 is
generally defined by a cylindrical waA 76 extending outwardly from the wall
which defines the main portion of the housing 28. The wall 76 defines the
branch passage 38. As best llustrated in Figures 7 and 11-12, a tiueaded
sleeve 78 preferably extends about the branch of the 30 housing 28. The
sleeve 7B has an inner diameter which is larger than the outer diameter of
the wall 76. M fact, the inner diameter is large enough to define a space
between the wall 76 and sleeve 78 in which the end of a tube or other
member may be inserted. The sleeve 78 is preferably connected to the wall
76. As illustrated in Figure 7 and 9-12, the outer surfau of the sleeve 78
hat a number of recesses BO therein f or aiding in gripping by a user.   ,1
~ NOY 2'002 WO 99/58186 PCT/US99110713 Tfur operation of the valve 20 w~U
now be described in detail with reference to the iignres. A user first
connects the first medical implement 21 to the branch port 35 at the third
end 34. When the fbst medical implement 21 is of the type disclosed above,
an end of the tube 23 having a connector thereon is guided over the wall 76
between the outside of the waH and the inside of the sleeve 78. The
connector is preferably threaded into engagement with the sleeve 78 to 5
retain it in place. The user then engages the second medical implement 26
to the first port 31 of the valve 20. Preferably, the medical implement has
a blunt cannuta tip 37 positioned within a connector 27 having a mating
locking structure to the 



threads 44 or other ticking means positioned on the housing 28. The user
advances the cannula tip 37 until it engages the end surface 56 of the
piston 42. As the user further 10 advances the implement, the piston 42 is
pressed in the d'rcection of the second end 32 of the housing 28,
compressing the spring 70. Air within the passage 36 between the end cap 40
and the piston 42 and within the bore 72 of the piston is forced out
through the vent 75 in the end cap 40. Once the connector 27 of the
implement 26 extends about the first end 30 of the housing 28, the user
locks the connector 27 to the housing 28 to provide a secure connection. So
engaged, the implement 26 is connected to the valve 15 20 in the position
illustrated in Figure 12 When the piston 42 is in this position) a fluid
flow path is established from the second medical implement 2B Nnd through
the tube 29 from the 1.V. bag 24 in the arrangement iAustrated in Figure 1
) through the valve 20 to the fist medical implement 21 (and thus through
the catheter 22 to the patient). Fluid flows through the tip 37 of the
cannula along the first end 54 ef the piston 42 into the second chamber 41,
i.e. that space between the piston 42 artd the imer 20 surface of the
houseng 28, including the space within the cut-outs 64. The total volume of
fluid within the valve 20 when the second medical implement is attached and
fluid fiNs the second chamber 41 is an amount V1. Fluid is prevented from
travelling beyond the second end 52 of the piston 42 into the first chamber
39 by the seal 6B. As a result. the fluid flowing from the second medical
implement 26 towards the valve 20 is forced to flow into the branch passage
38 and thereon into the tube 23 to the patient. 25 Most importantly, when
the second medical implement 26 is disconnected from the vahre 20, the
valve 20 causes fluid to flow in the direction of the first medical
imph3ment through the branch passage 38. As the second medcal implement 26
is disconnected, the spring 70 forces the piston 42 towards the first end
30 of the housing 28. As the piston 42 moves in this direction, the piston
42 slides through the narrowest portion of the passage 36 near the first
end 30 of the housing 28. This movement causes the total volume or fluid
space in the second chamber 41 between the piston 30 42 and the housing 28
to reduce. Once the shoulder 62 of the piston 42 hits the ledge 4B, the
piston stops moving. and the fluid volume within the valve 20 is at a
minimum amount Y2. Because the fluid volume in the valve 2D decreases as
the second medical implement 26 is disconnected, some fluid within the
housing 28 must be displaced. This fluid moves along the troughs 64 and
into the branch passage 38 in the _g_   ,1 4 N 0 V 2002 WO 99/58186
PCT/US99/10713 direction of the patient, the total volume of fluid Mowing
in the "positive" direction Vo (volume displaced) being equal to the
difference between the maximum vohrme V 1 less the minimum volume V2. Once
the piston 42 has resealed, the valve 20 prevents later flow of fluid from
the first medical implement 21 back through the valve 20, since the piston
doses otf the passage 36 near the first end 30 of the housing 28. This 5
prevents, for example, the blood pressure of the patient from forcing blood
back to the valve 20 and out the first port 31. Besides providing a
positive flow, the valve 20 of the present invention has several other
distinct advantages. F'est, it is often the case that medical valves have a
fluid containing area within them in which the fluid may stagnate. 



Fkrid stagnation is undesirable) as it may result in bacteria growth and
similar problems. The valve 20 of the present invention has its fluid
containing area between the piston 42 and the wall of the 10 housing 28
which defines the main passage 36. This generally annular space a flushed
each time fluid is injected from the - top end 50 of the piston 4Z. Another
aspect of the present invention a that the end surface 56 of the first end
50 of the piston 42 is smooth. This allows a user of the valve 20 to swab
the cannula engaging surface before connecting the medical implement to the
first port 31 of the valve. The swabbing may be with alcohol or a similar
disinfectant which serves to prevent the entry of 15 bacteria and the like
into the fluid system through the vahre 20. It may now be understood that
the valve 20 inchrdes both means for reducing the fluid vokurte or space
therein when the second medical implement 26 is disconnected (i.e., in this
case, a reduction in the volume of chamber or cavity 411, and means for
establishing a flow path through the valve 20 when the second medical
implement 26 is connected and for closing this fhrid path when the
implement is disconnected. In this first embodiment, these means are
provided by the 20 single piston 42. A second embodiment valve 120 in
accordance with the present invention is illustrated in Figures 18 and 19.
As illustrated, this valve 120 includes a housing 12B which is similar to
the housing of the valve 20 described above, except that this housing is
shorter in length between a fast end 128 and a second end 130, as a piston
142 of the vahre 120 is also shorter. 25 As illustrated, the first end 130
defines a first port 13t, and the opposing second end 132 is closed. A
branch 133 extends to a third end 134 defining a branch port 135. A main
passage 136 extends from the first end 130 towards the second end 132 of
the housing. The main passage 136 is defined by an irurer surface of a wall
of the housing 128. The main passage 136 is generally cylindrical in shape,
in this embodiment having no (edges or ceps. 30 A branch passage 13B
extends perpendicularly from the main passage 138 between the first and
second ends 130,132 of the housing 12B. The branch passage 138 is
preferably defined by a wall 176. The branch passage 138 is generally
cylindrical in shape. The piston 142 is movably positioned within the
passage 136 of the housing 128. The piston 142 has a body 16D which is
generally cylindrical in shape, and has a first end 150 and a second end
152. The first end 150 defines a _g_   ,~ 4 N o v ~0~2 WO 99I58186
PCT/US99/10713 head 154 having a slanted surface. In this embodiment, the
piston 142 is similar to that of th~first embodiment, except the piston is
much shorter and does not have the differing diameter sections. A groove
166 is formed in the body 160 between its first and second ends 150,152. As
illustrated, a sea) 168 is tr positioned in the groove 166 of the piston
142. This seal 168 divides the passage 136 in the housing 128 into a first
5 chamber t39 and a second chamber 141. 



A recess or bore 172 is formed in the body 160 of the piston 142 extending
from the second end 152 A first end of a spring 170 is positioned in the
recess 172 and extends therefrom to the second end 132 of the housing 12B
for biasing the piston 142 towards the first end 130 of the housing 128. A
vent 175 is provided through the second end 132 of the housing 12B. The
vent 175 permits as to flow 10 between the first chamber 139 and the
outside of the housing 128. A resilient, pre-slit seal 182 is provided near
the first end 130 of the housing 128. The seal 182 is gerurally circular
for fitting whhin the passage 136, and preferably includes a pre-formed
slit 1 B4 through which the tip of a medical implement may pass. The seal
182 is preferably constructed of a resibent material such that it naturally
returns to the position li.e. resealsl illustrated in Figure 18, where the
slit 184 is closed and fluid is prevented from passing therethrough. 15 As
with the first embodiment, a sleeve 178 is posit'roned about the wall 176
defining branch 133 of the housing 128. The sleeve 178 preferably has
threads 179 on an inner wrface thereof. The operation of the valve 120 wiH
now be described in detat~ with reference to Figures 18 and 19. A user
first connects the first medical implement (not shown, but which may be
similar to that illustrated in Figure 1) to the branch port 135 at the
third end 134. When the first medical implement is of the type disclosed
above, the free end of the tube is 20 guided over the wall 176 between the
outside of the wall and the inside of the sleeve 178. The user then engages
the second medical implement 126 to the first port 131 of the valve 120.
Preferably, the medical implement has a blunt cannula tip 137. The user
advances the cannula tip 137 until it engages the end surface 156 of the
piston 142 As the user further advances the implement, the piston 142 is
pressed in the direction of the second end 132 of the housing 128, 25
compressing the spring 170. Air within the first chamber 139 between the
end cap 140 and the piston 142 and within the bore 172 of the piston is
forced out through the vent 175 in the end cap 140. When the piston 142 is
in this position fas iAustrated in Figure 191, a fluid flow path is
established from the second medical implement 126 (such as throtgh a tube
from an LY. bagj through the valve 120 to the first medical implement Land
thus through the Catheter to the patient). Fhiid flows through the tip 137
of the cannula along the first end 30 154 of the piston 142 into the second
chamber 141. The total volume of fluid within the valve 120 when the second
medical implement is engaged and fluid tills the second chamber 141 is an
amount V1. Fluid is prevented from travelling beyond the seal 168 into the
first chamber 139. As a result, the fluid slowing from the second medical
implement 126 into the second chamber 141 is forced to flow into the branch
passage 13B and thereon into the tube to the patient. -10   ;~ 4 NOY ~OD2
WO 99/58186 PCT/US99/10713 Most importantly, when the second medical
implement 126 is disconnected trorn the valve 120, the valve 120 causes
fluid to flow in the direction of the frcst medical implement through the
branch passage 13B. As the second medical implement 126 is disconnected,
the spring 170 forces the piston 142 towards the first end 130 of the
housing 128. This movement causes the total volume or fluid space in the
second chamber 141 between the piston 142 and the seal 18Z at 5 the first
end 130 of the housing 12B to reduce. Once the piston t42 encounters the
seal 182, the piston stops moving, and the fhiid volume within the vahre
120 is at a minimum amount V2 



Because the fluid volune in the valve 120 decreases as the second medical
implement 126 is disconnected, some fhiid within the housing 128 must be
displaced. This fluid moves through the branch passage 13B in the direction
of the patient, the total volume of fluid flowing kt the "positive"
direction being equal to the difference between the maximun 10 volume Y i
less the minimum volume Y2. Once the implement tip 137 is removed) the
valve 120 prevents later flow of fluid from the first medical implement
back through the valve 120, since the sGt 184 in the seal 18Z reseals,
dosing off the passage 136 near the fast end 130 of the housing 128.
Besides providing a positive flow, the valve 120 of the present invention
has other advantages. Again, the vahre 15 120 of this embodiment has its
fluid containing area between the piston 142 and the housing 12B which
defines the main passage 136. This space is flushed each tine fluid is
injected from the top end 150 of the piston 142. Advantageously, a needle
may be used to penetrate the seal 182 instead of the blunt tip cannula 137.
In this arrangement) the seal 182 a preferably resilient so that it
reseals, but need not be pre-sGt. As may now be understood, the means for
selectively establishing the fluid flow path through the valve 120 and 20
the means for causing a reduct'ron in fluid space in the valve 120 when the
second medical implement 126 is removed are separate in this embodiment. In
this embodiment, the means for selectively establishing the fluid flow path
coniprise:.the seal 184, while the means for reducing the fluid space
comprises the biased piston 142. A third embodiment valve 220 in accordance
with the present inventan is illusuated in Figures 20 and 21. As
illustrated, this valve 220 includes a housirp 22B. As illustrated, the
housing 22B is a generally cylindrical body hav6rp a 25 first end 230
defining a first port 231 and having an opposing second end 232 A main
passage 236 extends from the first end 230 towards the second end 232 of
the housing. The main passage 23(i is defined by an inner surface of the
housing 228. The main passage 236 is generally cylindrical in cross.
section. An extension passage 238 of smaller diameter extends from the main
passage 238 to the second end 232 of the vahre 220, the passage 238 being
defined partly by a wan 276. A sleeve 27B is positioned about the outside
of the wag 30 276. The sleeve 278 preferably has threads Z79 on an inner
surface thereof. The piston 242 is movably positioned within the passage
236 of the housing 228. The piston 242 has a body 260 having a generally
crtcular first end Z50 or head. A flange or skirt 255 extends outwardly
from a circumference of the head 250. A number of passages 257 are provided
through the head 250 of the piston 242.   I~NOVZOOz WO 99I58186
PCT/US99110713 A biasing member 270 is positioned between the piston 242
and a ledge 261 formed by the waU of the housing 238 at the intersection of
two portions of the passage 236 haring differing diameters. The biasing
member 27d is preferably an annular, compressible and generally close-ceA
material, such as foam or the like. A resilient, preslit seal 282 it
provided near the first end 230 of the housing 228. The seal 282 is
generally 5 circular for fitting within the passage 236, and includes a
preformed sGt 284 through which the tip of a medical implement may pass.
The seal 282 is preferably constructed of a resibent material such that
when it returns to an unbiased position as illustrated in Figure 20, the
slit 284 is closed and fhrid is prevented from passing therethrough. The
operation of the valve 220 wiU now be described in detail with reference to
Figwes 20 and 21. A user first connects the fast medical implement (not
shown, but which may be similar to that illustrated in Fgure 11 to the
second end 10 232. When the first medical implement is of the type
disclosed above, the free end of the tube is guided over the waa 276
between the outside of the wall and the inside of the sleeve 278. The user
then engages the second medical imptenrent 226 with the first port 231 of
the vaHe 220. Preferably, the medical implement has a blunt cannula tip
237. The user advances the cannula tip 237 through the seal 282 until it
engages the end surface 256 of the piston 242 As the user further advances
the implement, the piston 242 is pressed in the direction of the second end
232 of the 15 housing 22B, compressing the biasing member 270. When the
piston 242 is in this position (as illustrated in Fgure 211, a fluid How
path is established from the second medical bnplement 226 (such as through
a tube from an LV. bag) through the valve 220 to the first medical
implement land thus through the catheter to the patient). Fluid flows
through the tip 237 of the cannula through the passages 257 into the
passage 236. In addition, fluid fills the space 241 between the seal 282
and the piston 242. The 20 total volume of fluid within the valve 220 when
the second medical implement is engaged is an amount V1. Most importantly,
when the second medical implement 226 is disconnected from the valve 2Z0,
the valve 220 causes fluid to flow in the fn~ection of the first medical
implement through the extension passage 238. As the second medical
implement 226 is disconnected, the biasing member 270 forces the piston 242
towards the first end 230 of the housing 22B. As the piston 242 moves in
this direction, the biasing member 270 expands. This causes the total
volume or 



25 fluid space in the housing 228 to reduce. Once the piston 242 encounters
the seal 184, the piston stops moving, and the fluid volume within the
valve ZZO is at a mininwm amount V2 Because the fkud volume in the valve
220 decreases as the second medical implement 226 is disconnected, some
fluid within the housing Z28 must be displaced. This fluid moves through
the branch passage 238 in the tirection of the patient, the total volume of
fluid flowing in the "positive" direction being equal to the difference
between the maximum 30 volume V1 fens the minimum volume V2. Once the
implement tip Z37 is removed, the vahre 220 prevents later flow of fluid
from the first medical implement back through the valve 220, since the slit
284 in the seal 282 reseals, closing off the passage 236 near the first end
230 of the housing 22B. -12   ~ 4 N o v ~ooz WO 99/58I86 PCT/US99I10713
Besides providing a positive flow, the valve 220 of the present invention
has other advantages. The valve 220 ofthe present invention has its fluid
containing area between the seal 282 and the housing 228 which defines the
mainpassage 236. This space is flushed each time fluid is injected from the
top end Z50 of the piston 24Z.Another advantage is that the
straight~through fluid flow path from the first to the second end 230,232
serves5to eliminate stagnation areas.A fourth embodiment valve 320 in
accordance with the present invention is illustrated in Figures 22 and 23.
Thisvahre 320 includes a housing 328 which is generally cybndrical in
shape, like the housing 228 of the third embodiment. Thehousing 328 has a
first end 330 definirp a first port 331 and a second end 332 defining a
second port 335. A passage336 extends through the housing 32B from end to
end.10A piston 342 is movably positioned within the passage 336. The piston
342 has a generally circular head 354with a flange or skirt 355 extending
dowrnvardly therefrom circrrmferentially around the outer edge of the head
354. Atleast one passage 357 is provided through the head 354 of the piston
342.A biasing ehanent 370 is positioned w-ithin the housing 328 between the
piston 342 and the second end 332. Asillustrated, the element 370 is a
resil'~ent member which is ckcular in shape having a generally "C" shaped
uoss~section15with a closed interior side and an open exterior side.The
element 37D cooperates with an inner surface of the housing 328 to define a
chamber 339 which is sealedfrom the passage 336. One or more vents 375 are
provided through the housing wag from a point exterior thereof to
thechamber 339.In this embodiment, a sleeve 378 is surrounding a wall 376
is formed integraNy with the remainder of the housing20328. The sleeve 378
has threads 379 on an inner surface thereof for use in mating engagement
with threads on a medicalconnector.A seal 382 is provided near the first
end 330 of the housing 328. The seal 382 preferably selectively obscuresor
seals the passage 336 through the housing 328. The seal 382 is pre-cut to
form a sGt 384 which, when the seal 382.isi fi l ZZ i d -n gure ose in its
unbiased position as glustrated , s c .25Use of the valve 320 of this
embodirtient is as fogows. A user f'ust connects a first medical implement
iseeFigure 1) to the port 335 at the second end 334 of the housing 328.
When the first medical implement is of the typedisclosed above, a free end
of the tube is guided over the wall 376 between the outside of the waU and
the inside of thesleeve 378.The user then engages the second medical
implement 326 with the first port 331 of the valve 320. Preferably)30the
medical implement has a blunt cannula tip 337. The user advances the
cannula tip 337 through the slit 384 in the seal382 until it engages the
end surface 354 of the piston 342. As the user further advances the
implement, the piston 342 ispressed in the direction of the second end 332
of the housing 32B, compressing the biasing element 37D radially outward.Ak
within the chamber 339 is forced out through the vents 375 in the wall of
the htnrsinp 3Z8. -13   ,1 ~ NOV Zt102 WO 99I58186 PCT/l! 599110? 13 When
the piston 342 is in this position, a fluid flow path is established from
the second medical unplement through the valve 320 to the first medical
implement. Fluid flows through the tip 337 of the cannula through the
passage 357 in the first end 354 of the piston 342 into the passage 336.
the total volmne of fluid within the valve 320 when the 



second medical implement is attached and fluid fills the passage 336 with
the biasing element 370 compressed is an 5 amount V1. Most importantly,
when the second medical implement 326 is disconnected from the valve 320,
the valve 320 causes fluid to flow in the direction of the first medical
implement through the second port 335. As the second medical implement 326
is disconnected, the biasing element 370 forces the piston 342 towards the
first end 330 of the housing 328. t 0 At the same time. the biasing
ebertrent 37O expands inwardly, causing a reduction in the total volume or
ftuid space in the passage 336 between the piston 342 and second end 332 of
the housing 328 to reduce. Once the piston 342 moves upwardly to a point at
which it encounters the seal 382, the piston stops morerp, and the fluid
vohime within the valve 3Z0 is at a minimum amount V2 Because the fkrid
vok~rrre in the valve 320 decreases as the second medical implement 326 is
disconnected some 15 fluid within the housing 328 must be displaced. This
fluid moves through the passage 336 in the direction of the patient. the
total vohane of fluid flowing in the "positive" direction being equal to
the difference between the maximum volume Yt Isss the minimum volume V2.
Once the implement tip 337 is removed, the valve 320 prevents later slow of
fluid from the first medical implement therethrough) since the seal 382
closes off the passage 336 near the first end 330 of the housing 328. ; 20
Besides providing a positive flow, the valve 320 of the present invention
has other advantages. Fluid stagnation is generally prevented since the
fluid flows through the housing 328 in generally a straight path. A Fifth
embodiment valve 420 in accordance with the present invention is
illustrated in figures 24 and 25. This valve 420 includes a housing 42B
which is generally identical to the housing 328 of the valve 320 described
above and illustrated in Figures Z2 and 23, having a first end 430 defining
a first port 431 and a second end 432 defining a second 25 port 435. A
passage 436 extends through the housing 428 from the first to the second
ends 430,432. Again, a portion of the passage 436 near the second end 432
is defined by a waA 476. A sleeve 478 extends about the wall 476, the
sleeve 478 having a number of threads 479 on an internal surface thereof. A
seal 4B2 which has a precut slit 484 is provided near the first end 430 of
the housing 428 as in the last embodiment. 30 In this embodiment, the
biasing element 470 comprises a donut~shaped, resilient element having a
hollow interior 471. The interior 471 of the element 470 is in
communication with the outside of the housing 428 via one or more passages
or vents 475. A connection n provided between the element 470 and the
passages 475) however, so that air flowing through the passages 475 to or
from the element 470 does not flow iota the passage 436. -14   .1 4 NOV Q02
WO 99I58186 PCT/US991107 t 3 In this anbodinent, a pair of pistons 442,443
move radiaAy instead of linearly as in the previously described
embodiments. Each piston 442,443 preferably includes a head 450 and a base
45Z which are half-circle shaped. An upstanding wall 455 connects the head
and base 450,452 of each piston 442,443 in a manner that the head and base 



thereof extends radialiy outwardly around a portion of the biasing
elerrrent 470. Each piston 442,443 preferably has a 5 tapered area 453 in
the head 450 thereof, the area 453 in the pistons 442,443 cooperating to
form a guide, as described in more detail below. The pistons 442,443 are
arranged to abut each other along their wait 455 in the'rc normal position,
as illustrated in Figure 24. The pistons 442,443 are arranged to move
radially outward when a medical implement is pressed between them, as
glustrated in Fpure 25. 10 Use of the valve 420 of this embodiment is as
follows. A user first connects a fbst medical implement (see F~pure 11 to
the port 435 at the second end 434 of the housing 428. When the first
medical implement is of the type disclosed above) a free end of the tube is
guided over the wag 478 between the outside of the wab and the inside of
the sleeve 478. The user then engages the second medical implement 428 to
the first port 431 of the vahre 420. Preferably, the I 5 medical implement
hat a blunt cannuia tip 437. The user advances the tamula tip 437 through
the slit 484 in the ses1482 urrtil it engages the head 450 of each piston
442,443. As the user further advances the impiernent, the pistons 442,443
are pressed radially outwardly from one another, compressing the biasing
element 470. Au within the ho8ow interior 471 of the biasing element 470 ~
forced out through the vents 375 in the wall of the housing 328. When in
this position, a fluid lbw path is estabished from the second medical
implement 426 through the valve 20 420 to the first medical implement.
Fluid flows through the tip 437 of the cannula into the passage 436. The
total volume of fluid within the valve 420 when the second medical
implement is attached and fluid fills the passage 436 with the biasing
element 470 compressed is an amount V1. Most 6nportantly, when the second
medical implement 426 a disconnected from the valve 420, the valve 420
causes thrid to flow in the direction of the first medical implement
through the second port 435. As the second medical 25 implement 426 is
disconnected, the biasing element 470 forces the pistons 442,443 radially
inwardly to that position illustrated in Figure 24. At the same time, the
biasing element 470 expands inwardly, causing a reduction in tha total
vohnrte or fluid space in the passage 436 between the piston 442 and second
end 432 of the housing 42B. Once the pistons 442,443 encounter one another,
they stop moving and the volume within the valve 420 is at a minimum amount
V2. 30 Because the fluid volume in the vahre 420 decreases as the second
medical implement 426 is disconnected, some th~:d within the housing 428
must be displaced. This fluid moves through the passage 436 in the
direction of the patient, the total volume of fluid flowing in the
"positive" direction being equal to the difference between the maximum
volume V1 less the minimum volume Y2. -15   1 4 N O V 2002 WO 99I58186
PCT/US99110713 Once the sip 437 of the implement 426 is n~moved, the valve
420 prevents later flow of fluid from the f'ustmedical implement
therethrough, since the seal 482 closes otf the passage 436 near the first
end 430 of the housing 428.Besides providing a positive flow, the valve 420
of the present brveMion has other advamages. Ruid stagnation'is generally
prevented since the fluid flows through the housing 428 in generally a
straight path.5As will be appreaated by those skilled in the art, them may
be provided more than two pistons cooperatingtogether to perform the
above-described function) such as three or four "pie"-shaped pistons.A
sixth embodiment valve 520 in accordance with the present invemion is
Ulustrated in Figures 26 and 27. Thisembodiment valve 520 is similar to
tf~e first embodiment valve 20, except that the valve 520 is arranged to
have a directflow-through arrangement similar to that illustrated in the
last embodiment.10The valve 520 of this ertebodirnent has a housing 528
which is generaly cylindrical in shape. The housing 528has a first end 530
dei'utinp s first port 531 and a second end 532 defining a second port 535.
A passage 536 extendsdthrough the housing 528 from end to et 



.A piston 542 is movably positioned within the passage 336. The piston 542
has a generally circular head 554with a tubular section 555 exten~ng
centraAy downwardly therefrom. A passage 557 is provided through the head
55415and tubular section 555 of the piston 542A spring 570 or other means
for blaring is positioned within the housutg 528 between the head 554 of
the piston542 and a ledge 561 fom>ed in the housing 528 slorg the passage
536 between the first and second ends 530,532A seal 568 is provided in a
groove in the circumferential surface of the head 554 of the piston 542. A
similar"seal 568 is provided around the whaler section 555 near its end
opposite the head 554. The seals 568,569 seat off al20portion of the
passage 536) thereby defusing a sealed, air-filled chamber 539.One or more
vents 575 are provided through the housing wall from a point exterior
thereof to the chamber 539.The sleeve 57B and wall portion 576 are
integrally formed with the remainder of the housing, the wad 576defining
the passage 536 at the second end 532. The sleeve 578 has dtreads 579
thereon for use in mating engagementwith threads on a medical connector.25A
seal 5BZ is provided near the first end 530 of the housing 5Z8. The seal
582 preferably obscures or seals thepassage 536 through the housing 528.
The seal 5B2 is pre-cut to form a ells 584 which, when the seal 582 is in
itsunbiased position as illustrated in Figure 26) is chased.Use of the
valve 520 of tfds anbod'ment is as follows. A user first connects s first
medical implemdrt leesFigure 11 to the port 535 at the second end 534 of
the housing 528. When the fast medical implement is of tiu type30disclosed
above, a free end of the tube is guided over the wall 576 between the
outside of the wall and the inside of thesleeve 57B.The user then engages
the second medical implement 526 to the fast port 531 of the valve 520.
Preferably, themedical implement has a blunt cannula tip 537. The user
advances the cannula tip 537 through she slit 584 in the seal 582until it
engages the head 554 of the piston 542. As the user further advances the
implement, the piston 542 is pressed in - I 6   1 4 N 0 V 200L WO 99I58186
PCTNS99110713 the direction of the second end 532 of the housing 528.
compressing the spring 570. Air within the chamber 539 is forced out
through the vents 575 in the wall of the housing 528. When the piston 542
is in this position (as illustrated in Figure 27), a fluid flow path is
established from the second medical implement through the valve 520 to the
first medical implement. Fluid f lows through the tip 537 of the 5 cannula
through the passage 557 in the piston 542 into the passage 536. Fluid also
fills the space between the seal 582 and the head 554 of the piston 542.
The total volume of fluid within the valve 520 when the second medical
implement is attached and fluid fills these areas when the spring 57D is
compressed is an amount V1. Most importantly, when the second medical
implement 526 is disconnected from the valve 520, the vahre 520 causes
fluid to flow in the direction of the first medics! implement through the
second port 535. As the second medical 10 implement 526 is d'~scormected,
the spring 570 forces the piston 542 towards the first end 530 of the
housing 528. This piston 542 movement causes a reduction in the total
volume or fluid space in the passage 536 between the piston 542 and second
end 532 of the housing 528. Once the piston 542 moves upwardly to a point
at which it encounters the seal 582, the puton stops moving, and the fluid
volume within the valve 520 is at a minimum amount 1I2 Because the fluid
volune in the valve 520 decreases as the second medical implement 526 is
disconnected, some 1 S fluid within the housing 528 must be displaced. This
fluid moves through the passage 536 in the daection of the patient) the
total volume of fluid flowing in the "positive" d'uection being equal to
the difference between the maximum volurrw V1 less the minimum rohane V2
Once the implement tip 537 is removed the valve 520 prevents later flow of
fluid from the fast medical implement therethrough) since the seal 582
closes off the passage 536 near the first end 53D of the housing 528. 20
Besides providing a positive flow, the valve 520 of the present invention
has other advantages. Fluid stagnation is generally prevented since the
fluid flows through the housing 52B in a continuous path. A seventh
embodiment valve 620 in accordance with the present invention is
illustrated in Fgures 28 and 29. This valve 620 includes a housing 62B
which is similar to those described above with respect to valves 320, 420
and 520. The housing 62B has a first end 630 defining a first port 631 and
a second end 632 defining a second port 635. 25 A passage 636 extends
through the housing 628 from the fast to the second ends 630,632 Again, a
portion of the passage 636 near the second end 632 is defined by a wall
676. A sleeve 678 extends about the wall 676, the sleeve 678 haring a
number of threads 679 on an internal surface thereof. A seal 682 which has
a pre-cut slit 684 is provided near the first end 630 of the housing 628 as
in the last embodiment. 30 A piston 642 is positioned adjacent the seal
6B4. The piston 642 is preferably generany disc-shaped, having a 



circular outer shape. The piston 642 has a top or first end 650 which is
slanted, and a second or bottom end 652 which is tlaL In this embodiment, a
resilient element 670 comprises a generally cylindrical, resilient and
non-porous material. In its resting state, the element 670 preferably has
an outer diameter which is smaller than the diameter of the passage _17_
,9 4 NOV Q02 WO 99/581S6 PCTIUS99/10713 636 in which it is positioned. The
element 670 is positioned on a ledge 66t formed within the passage 636, and
the bottom end 65Z of the puton 642 Grooves 685.686 are formed in the side
wall of the housing 628 within the passage 636, including the portion
defining the ledge 661. The grooves 6B5,686 are artanged to support the
outside wrfaces of the element 670 in a manner 5 which permits fluid to
flow between the element 670 and the housing 628. as desuibed below. Use of
the valve 620 of this embodiment is as tollows. A user first connects a
first medical imphmrtent (see Figure 11 to the port 635 at the second end
634 of the housing 628. When the first medical implement is of the type
disclosed above, a free end of the tube is guided over the wall 676 between
the outside of the wag and the inside of the sleeve 878. 10 The user then
engages the second medical implement 626 to the first port 631 of the valve
620. Preferably, the medical implement has a blunt canmda tip 637. The user
advances the cannula tip 637 through the slit 684 in the seal 68Z until it
engages the top 650 of the piston 642. As the user further advances the
implement, the piston 642 is pressed downwardly compressing the element
670. When in this position, a fluid fbw path is established from the second
medical implement 626 through the valve 15 620 to the first medical
implement. Fluid flows through the tip 637 of the ramula tfuough the
passage 636. Fluid is allowed to flow past the element 670 through the
grooves 685, 686. The total volume of fluid within the valve 620 when the
second medical implement is attached and fluid figs the passage 636 and
that space between the top 650 of the piston 642 and the bottom of the seal
682 when the piston 642 is depressed is an amount V1. Most importantly,
when the second medical implement 626 is disconnected from the valve 620,
the calve 620 20 causes fluid to flow in the direction of the first medical
implement through the second port 835. As the second medical implement 626
is disconnected, the element 670 expands, forcing the piston 642 upwardly
to that position illustrated in Figure 28. At the same time, a reduction in
the total volume or fluid space in the passage 636 between the piston 642
end seal 6B2 occurs. Once the piston 642 moves upwardly to a point at which
'rt encounters the seal 682) the piston stops 25 moving) and the fluid
volume within the valve 620 is at a minimum amount V2 Because the fluid
volume in the vahre 620 decreases as the second medical implement 626 is
disconnected) some fluid within the housing 628 must be displaced. This
fluid moves through the passage 636 in the direction of the patient, the
total volume of fluid flowing in the "positive" direction being equal to
the difference between the maximum volume V1, less the minimum volume V2. 



30 Once the tip 637 of the implement 626 is removed, the valve 62D prevents
later flow of fluid from the first medical implement therethrough, since
the sea! 682 closes off the passage 636 near the first end 630 of the
housing 628. Besides providing a positive flow, the valve 620 0( the
present invention has other advantages. Fluid stagnation is generally
prevented since the fluid flows through the housing 628 in generally a
straight path. _18_   ~ 4 NOV 2002 WO 99I58186 PCT/US99/10713 An eighth
embodiment valve 720 in accordance with the present invention is
illustrated in Figures 30 and 31. This valve 720 includes a housing 72B
which is similar to those described above with respect to valves 220. 320
etc. The housing 728 has a first end 730 defining a first port 731 and a
second end 732 defining a second port 735. A passage 736 extends through
the housing 728 from the first to the second ends 730,732. 5 Again, a
portion of the passage 736 near the second end 732 is defined by a wall
776. A sleeve 778 extends about the waN 776, the sleeve 778 haring a number
of threads 778 on an internal surface thereof. A seal 782 which has a prewt
slit 784 is provided near the first end 730 of the housing 728 as in the
last embodiment. In this embodiment, a resilient element 770 comprises a
generally cylindrical, resilient and hollow member. In its 10 resting
state, the element 770 preferably has an outer diameter which is smaAer
than the diameter of the passage 736 in which it is positioned. The element
770 defines s imerior space 771 which is sealed from the passage 736. The
element 770 is positioned on a ledge 761 formed within the housing 72B. A
sloped canula-engaging surface 781 a defined st the top of the element 770.
A vent 775 extends through the housing 628 from the interior space 771
within the element 770 to a point I 5 exterior of the housing 628. In the
embodiment illustrated) the vent 775 terminates in the space between the
waN 776 and the sleeve 77B. Use of the valve 720 of this embodiment is as
folbws. A user first connects a first medical implement (see Froure 1 ~ to
the port 735 at the second end 734 of the housing 728. When the first
medical implement is of the type d'adosed above, a free end of the tube is
guided over the waA 776 between the outside of the waN and the inside of
the 20 sleeve 778. The user then engages the second medical implement 726
to the first port 731 of the valve 72D. Preferably) the medical implement
has a bhurt cannula tip 737. The user advances the cannula tip 737 through
the slit 784 in the seal 782 anti! it engages the sloped surface 781 at the
top of the elemem 770. As the user further advances the implement, the
element 770 is compressed downwardly and outwardly, reduanp the volume of
the spate 771, but increasing the fluid 25 space within the valve 720. When
in this position, a fluid flow path is established from the second medical
implement 726 ttuough the valve 720 to the first medical implement. Fluid
flows through the tip 737 of the cannula along the sloped surface 781
(whereby the tip of the canula is not obstructed) and through the passage
736. The total volume of fluid within the valve 720 when 



the second medical implement is attached and fluid fills the passage 736
and that space between the top of the element 30 770 and the bottom of the
seal 782 is an amoum V1. Most importantly. when the second medical
implement 726 is disconnected from the valve 720, the valve 720 causes
fluid to flow in the direction of the first medical implement through the
second port 735. As the second medical implement 726 is disconnected, the
element 770 moves upwardly to that position illustrated in Figure 30. -19
1 ~ NDV Q002 WO 99I58186 PCT/US99Il 0713 At the same time, a reduction in
the total volume or fluid space in the passage 736 between element 770 and
the seal 7B2 occurs, unto the fluid volume within the valve 720 is at a
minimum amount Y2. Because the fluid volume in the valve 720 decreases as
the second medical implement 726 is discormected, sorrte fluid within the
housing 728 must be displaced. This fluid moves through the passage 736 in
the direction of the patient, 5 the total volume of fluid flowing in the
"positive" direction being equal to the difference between the maximum
volume Y1 less the minimum rohme Y2. Once the tip 737 of the implement 726
is removed, the valve 720 prevents later flow of fluid from the fiKSt
medical implement therethrough, since the seal 782 closes off the passage
736 near the first end 730 of the housing 728. Besides providing a positive
slow, the valve 720 of the present invention has other advantages. Fluid
stagnation 10 is generally prevented since the fluid (lows through the
housing 728 in generally a straight path. A ninth embodiment valve 820 in
accordance with the present invention is illustrated in Figures 32 and 33.
As illustrated, this valve 820 includes a housing 828 which is somewhat
similar to tire housings of the valves 220) 320 etc. described above. As
illustrated) the housing B28 has a body having a first end 830 defining a
first port B31 and an opposing 15 second end 832. A main passage 836
extends from the fast end 830 towards the second end 832 of the housarp.
The main passage 836 is defined by an inner surface of a wag of the housing
828. The main passage 836 is cylindrical in shape. An extension passage 838
extends trom the main passage 836 to the second end 832 The extension
passage 838 is preferably defined by a wall 876 and is generally
cylindrical in shape, ahhough smaller in diameter than the maim 20 passage
B36. A resilient, seal B82 is provided near the first end 830 of the
housing 828. The seal B82 has a genera9y circtdar or peripheral outer shape
for fitting within the passage 836, and preferably includes a pre~formed
sGt 884 through which the tip of a med'rcal implement may pass. The seal
882 is preferably conswcted of a resilient material such that it naturally
returns to the position as illustrated in Figure 32, where the sGt 884 is
closed and fluid is prevented from pacing 25 therethrough. More
importantly, however) the seal 882 is arranged so that when an implement is
pressed through the slit 884, at least a portion of the seal 882 moves in
the direction of the first end 830 of the housing 828 whereby the fluid
:pace or volume inside the housing 828 inaesses. At the same tine, the seal
882 is arranged so that when the implement is 



retracted, the seal 882 rtwves in the direction of the second end 832 of
the housing B28, reducing the fluid space or 30 volume therein. ' A sleeve
878 is positioned about the wall 878 at the second end 832 of the housing
B28. The sleeve B78 preferably has threads B79 on an inner surface thereof.
The operation of the valve 82d wilt now be described in detail with
reference to Figures 32 and 33. A user fast connects the first medical
implement (not shown, but which may be similar to that llustrated in Figure
11 to the branch port -20   .1 4 N 0 V 2002 WO 99I58186 PCT/US99/10713 B35
at the thud end 834. When the first medical ~nplement is of the type
disclosed above, the tree end of the tube is guided over the wall 876
between the outside of the wall and the inside of the sleeve B78. The user
then engages the second medical implement 826 to the fast port 831 of the
valve 820. Preferably, the medical 6nplement has a blum cannula tip 837.
The user advances the cannula tip 837 through the slit 884 in the seal 8B2.
At this time, the seal 882 moves into the position as illustrated in Figure
33. When in this position, a fluid fbw path is established from the second
medical implement 826 (such as through s tube from an LV. bag) through the
valve 8Z0 to the first medical implement land thus through the catheter to
the patientl. Fluid ifows through the tip 837 of the cannula through the
main passage B36 and extension passage 838. The total volume of fluid
within the valve 820 when the second medical implement is attached is an
amount V1. 10 Most importantly, when the second medical implement 826 is
disconnected from the valve B20, the valve 820 causes fluid to flow in the
direction of the fast medical implement through the extension passage 83B.
As the second medical implement 826 is disconnected, the seal 882 moves
back to its position as igustrated in Figure 32. This causes the total
vohrne or fluid space in the housing 828 to reduce to a minimum amount V2
Because the fluid vokime in the vahe 820 decreases as the second medical
implement 826 is disconnected, some 15 fluid within the housing 828 must be
displaced. This fluid moves through the branch passage 83B in the direction
of the patient, the total volume of fluid flowing in the "positive"
direction being equal to the difference between the maxirr~m volume V1 less
the minimum volume V2 Once the implement tip 837 is removed, the valve 820
prevents later flow of fluid from the first medical implement therethrough,
since the s!'rt 884 in the seal 882 reseals, closing oft the passage 836
near the first end 830 of 20 the housing 828. Besides providing a positive
flow) the valve 820 of the present invention has other advantages. The vahe
820 of the present invent'ron has its fkrid containing area between the
seal 882 and the housing 82B which defines the main passage 836. This space
is flushed each time fluid is injected through the imple<rrent 826. A tenth
embodiment valve 920 in accordance with the present invention is glustrated
in Fgures 34 and 35. As 



25 iAustrated, the housing 928 has a body having a first end 930 defining a
first port 931 and an opposing closed second and 932 A branch 933 extends
to a third end 934 defining a branch port 935. An opening in the housing
92B at its first end leads to a chamber 936 or passage on one side of a
diaphragm member 970 to a branch passage 938. The branch passage 93B
extends from the chamber 936 in the direnion opposite the second end 930 of
the housing 928. The branch passage 93H is preferably defined by a wall
976. The branch passage 30 938 is generally cylindrical in shape. A
resilient) pre~slit seal 982 is provided near the first end 930 of the
housing 928. The seal 982 is generally circular for fitting within the
opening in the first end 930 of the housing 928. The seal 982 preferably
includes a pre formed slit 9B4 through which the tip of a medical implement
may pass. The seal 9B2 is preferably constructed of a -2 I    ,1 4 NOV 2002
WO 99I58186 Pt"TIUS99/10713 resilient material such that 'rt naturally
returns to the position illustrated in Figure 34, where the~~t 984 is
closed and fluid is prevented from passing therethrough. The diaphragm 970
is positioned within a hollow space within the housing 92B belween the
first and second ends 9Z0,932. The diaphragm 970 generally divides this
space into the first chamber or cavity 936 and a second chamber 5 939. The
diaphragm 970 is biased in an upward direction, i.e., in the direction of
the first end 930 of the housing 929. At least one rent 975 extends through
the wab of the housing 928 at ns second end 932 to the second chamber 939,
permitting ah to flow in and out of the chamber. As with the first
embodiment, a sleeve 978 is positioned about the branch 933 of the housing
928. The sleeve 97B preferably has threads 979 on an inner surface thereof.
10 Tha operation of the valve 920 will now be desuibed in detail with
reference to Figtues 34 acrd 35. A user first connects the first medical
implement (not shown, but which may be similar to that illustrated in
Figure 1) to the branch port 935 at the third end 934. When the first
medical implement is of the type disclosed above, the free end of tM tuba
is guided over the wall 976 between the outside of the wall and the inside
of the sleeve 978. The user then engages the second medical implement 926
to the first port 931 of the valve 9Z0. Preferably, the 15 medical
anplement has a blunt cannuia tip 937. The user advances the cannuta tip
937 through the s6t 984 in the seal 982 and presses upon the diaphragm 970.
At this time, the diaphragm 970 moves into the position as dhutrated in
Fiptrre 35. When in this position (as illustrated in Figure 351, a fktid
flow path is established from the second medical implement 926 Isuch as
through a tube from an LY, bag) through the valve 920 to the first medical
implement land thus through the catheter to the patient). Fluid flows
through the tip 937 of the cannula into the chamber 936, then through the
20 branch passage 938. The total volume of fluid within the valve 920 when
the second medical implement is attached is an amount V1. 



Most importantly, when the second medical implement 9Z6 is disconnected
from the valve 9Z0, the tralve 920 causes fluid to flow in the direction of
the first medical implement through the branch passage 938. As the second
medical implement 926 is disconnected, the diaphragm 970 moves upwardly
back to its position as illustrated in Froure 34. This 25 causes the total
volume or fluid space in the housing 92B to reduce to a minimum amount V2
Because the fluid volume in the valve 920 decreases as the second medical
implement 926 is disconnected, some fluid within the housing 9Z8 must be
displaced. This fluid moves through the branch passage 93B in the direction
of tire patient, the total vohrme of fluid flowing in the "positrve
direction being equal to the difference between the matamum volume Yt less
the mirirtnum volume Y2 30 Further, once the implement tip 937 is removed,
the valve 920 prevents later flow of fluid from the first medical implement
therethrough, since the slit 984 in the seal 9B2 reseals, closing off the
passage 936 near the first end 930 of the housing 928. -22   1 4 N O Y 2t)
02 WO 99/58186 PCT/US99/10713 Besides providing a positive flow, the valve
920 of the present invention has other adYantages. The valve 920 of the
present invention has its fluid containing area between the seal 982 and
the housing 928 which defines the chamber 936. This space is flushed each
time fluid is injected through the implement 926. An eleventh embodiment
valve 1020 in accordance wrth the presets invention a ltustrated in Figures
369. 5 This valve 10Z0 is similar in marry respects to the valve of the
first embodiment. Referring to Figure 36, the valve 1020 includes a housing
1028 which is "T"-shaped, having a main portion with a first end 103D and
an opposing, closed second end 1032. A branch 1 D33 extends outwardly from
the main portion generally perpendicular thereto to a thud end 1034
defining a branch port 1035. As illustrated in Figures 38 and 39, a main
passage 1036 extends from the fast end 1030 to the closed second 10 end
1032 inside of the housing 1028. In addition, a branch passage 1038 extends
from the main passage 1 D36 through the branch port to the third end 1034.
The main passage 1036 has two diameters. A first small d<ameter portion of
the passage 1036 extends from the first end 1030 to near the branch passage
1038. The diameter of the main passage 1036 then increases to a larger
diameter section extending to the second end 1032. A ledge 1048 is formed
at the intersection of these two port'rons of 15 the main passage 1036. A
piston 1042 is slidably positioned within the main passage 1036. Referring
to Figures 4448, the piston 1042 is generally cylindrical, having a maiunum
outer diameter which is slightly less than the maximum diameter of the
passage 1036. The piston 1042 has a first end 1050 and a second end 1052
and a length from and to end which is less than the distance trom the first
end 1030 to the second end 1032 of the housing 1028. 20 The piston 1042 has
a first body portion 1054 extending from the first end 1050 to a second
body portion 1056. The outer diameter of the second body portion 1056 is
larger than that of the fast body portion 1054, with a shoulder 



1062 defining the intersection of these two portions. This shoulder 1062 is
arranged to engage the ledge 1048 in the housing 1028 in a manner described
blow. . A groove 1066 is fomred in the piston 1042 near 'rts second end
1052 Preferably, a seal 1068 (see Figures 3B 25 and 39) is positioned in
this groove 1066. The seal 106B preferably comprises an "0"-ring. A
"Y"shaped notch or cutout 1064 a defined in the first body portion 1056 of
the piston 1042. This notch 1064 extends from the first end 1050 towards
the second end 1052 In the preferred embodiment, the piston 1042 is hollow,
having a recessed area therein. As Uhtstrated, this area comprises a bore
1072 extending into the piston 1042 from the second end 1052 As
illustrated, the bore 1072 has two 30 portions of differing diameters,
thereby forming a ledge. When the piston 1042 is positioned in the housing
1028 isee Figures 38 and 39) the bore 1072 a in communication with the
passage 1036. A seal 1082 is provided at the fast end 1030 of the housing 1
D28 and doses the main passage 1036 at that end. The seal 1082 is
preferably mounted to the housing 102B by an end cap 10B3. -23   .1 4 N O V
2~0~2 WO 99I58186 PCT/US99/10713 The seal 1082 is preferably a resiient,
pre-sbt re~sealable element. The end cap 1083`has an end with a passage
1085 therethrough which is aligned with the main passage 1036. A
cylindrical side wall 1087 extends from the end of the cap 1083 and is
arranged to engage the outside of the housing 1028 at the frcst end 1030.
As illustrated, the cap 1083 has a groove on the inside of the wall t OB7
which accepts a n3 1089 on the exterior of the housing 1028 in a snap-fit 5
arrangement. As with the previous embodiments, the branch passage 1038 is
defined by a wall structure 1076 which extends outwardly from the main
portion of the housing 1028. A sleeve 1078 is spaced outwardly from this
wag structure 1076. Threads 1079 sre positioned on the inside of the sleeve
107B. The assembled valve 1020, wherein the piston 1042 is positioned in
the main passage 1 D36 through the housing 10 1028, is best illustrated in
Figures 38 and 39. As ilustrated, the seal 1 D68 ~vides the main passage
1036 into a first chamber 1039 and a second chamber 1041. The fast chamber
1039 comprises a space between the closed second end 1032 of the housing
1028, the second end 1052 of the piston 1042, and that space within the
bore 1072 in the piston 1042 The second chamber 1041 is that space between
the seal 1068 on the piston 1042 and the seal 108Z at the fast end 1030 of
the housing 1028. 15 Aa rltustrated, the piston 1042 is moveable from a
fast or "uncompressed" pos'it'ron in which the shoulder 1062 engages the
Ledge 1048, to a second or "compressed" position in which the piston 1042
is moved towards the second end 1032 of the housing 1028. Means are
provided for biasing the piston 1042 into its first position. Preferably,
this means compraes s spring 1070. As illustrated, the spring 1070 is a
helical spring extending between the second end 1032 of the housing 10Z8
and 20 the ledge fom>ed in the piston 1042 by the changing diameter bore
1072 



The first chamber 1039 is air-figed. In order to accommodate the movement
of the piston 1f)42 towards the second end 1032 of the housing 102B, an air
vent 1075 is provided through the second end 1032. The operation of the
valve 1020 will now be described. A user first connects a first medical
implement to the branch port 1035 in a manner as desuibed above. The user
then presses a bhurt tip cannula or other medical implement 25 1037 (see
Figure 39) through the opening f 085 in the cap 1083, and then through the
slit in the seal i 082 The user advances the implement 1037 untg it presses
the piston 1042 towards the second end 1032 of tire housing 1028) as
illustrated in Fgure 39. When the piston 1042 is in this position, a flow
path is established from the implement t037 through the second chamber 1041
between the outside of the piston 1042 and the wall of the housing 1028 to
the branch passage 1038. 30 Fluid freely flows through the tip of the
cannula 1037 because the open "V"-shaped spaced is provided below the tip
at the first end 1050 of the piston 1052. In this position, the vahe 1020
has a maximum fluid capacity Y1. When the user removes the cannula 1037,
the pre-slit seal in the seal 1082 reseals, preventing fluid from flowing
from the main passage 1026 out the first end 1030 of the valve 102D. At the
same time, when the cannula 1037 or other implement is withdrawn. the
piston 1042 moves upwardly to the position illustrated in Figure 38 as a
restdt of the spring -2a   1 4 N 0 V 2002 WO 99I58186 PCTNS99/10713 force.
When the piston 1042 is in the position illustrated in Figure 3B, the
vohune within the calve 1020 is at a minQnumV2Because the fluid volume in
the valve 10Z0 decreases as the piston 1042 moves upwardly, some fluid in
themain passage 1026 is displaced. This fluid volume Y1-V2 moves along the
piston 1042 to the branch passage 103B.5Tha valve 1 D20 also has the
advantage that fhuhing occurs at each use and the seal 1082 may be swabbed
atits top surface to:terrine it.A twelfth embodiment valve 1120 in
accordance with the present invention is illusuated in Figures 49 and
50.The valve 1120 of this embodiment has a housing 1128 defining a main
passage 1136 a:tending from a first end 1130 toa chamber 1141. A branch
passage 1 t 38 leads from the charmer 1141 generally perpendicular to the
main passage101136.The housing 1128 has a second end 1132 opposite the
first end 1130, the second end 1132 being open to thechamber t 141.A seal
1182 a positioned within the chamber 1141. As illustrated, the seal 1182 is
a resilient inverted "U"-shaped member. In a first position, the seal 11 B2
is arranged to close the branch passage 1138 from the chamber 114115lsee
Figure 491.A piston 1142 is positioned within the main passage 1136 and
rests upon a top portion of the seal 1182. Asillustrated, the piston 1142
has a flat frcst end 1150 and a slanted second end 1152. The piston 1142 is
generalycylindrical in cross-sectional shape.The waU defining the main
passage 1136 is cylindrical at the first end 1 l30 of the housing 1128. M a
direction20towards the second end 1132, the wall slants outward to define a
sloped surface 1148.A seat 1168 is preferably provided at the first end
1130 of the housing 1128. This sea! 1168 is designed to sealagainst the
outside of the piston 1142 to prevent fluid flow between the piston 1142
and housing 1128 at the first end1130 of the valve 1120,The operation of
thu valve 1120 is as follows. A user moves the tip of a cannub or other
medical implement25into engagement with the first end 1150 of the piston
1142. The user presses the piston 1142 towards the second end1132 of the
housing 1128 until the luer-lock connector or the Eke may be engaged with
mating threads on the housing1128, as illustrated in Figure 50.As the
piston 1142 moves inwardly, because its tapered second end 1152 engages the
seal 11 B2 and the seatcollapses, the piston 1142 tips over against the
sloped surface 114B in the enlarged section of the main passage 1136.
At30this time, the top end 1150 of the piston 1142 is no longer a flat
surface with respect to the end of the cannula. Thus,fluid is allowed to
freely flow from the tip of the cannula.As the piston 1142 moves inwardly)
the seal 1182 compresses to a position in which the branch passage 1138is
in communication with the chamber 1141. -25   ~ ~ N O V 2'002 WO 99I58186
PCT/US99/10713 A fluid path is established from the cannula along the top
end 1150 of the piston 1142, along the main passage 1136 into the chamber
1141, and then into the branch passage l138. At this time. the fluid volume
within the valve 1120 is an amount V1. When the user withdraws the connote,
the seal 1182 presses the piston 1142 upwardly. The upward movement 5 of
the piston 1142 is facilitated by its engagement with the sloping wrface
1148. Eventually, the seal 1182 moves the piston 1142 to the position
illustrated in Fgure 49. At that time, the seal 1182 again seals the branch
passage 1138 from the chamber 1141. In addition, the seal 1168 seals around
the piston 1142, preventing fluid from flowing from the inside of the valve
1120 through the main passage 1136 to the first end 1130. thus effecting a
positive flow of fluid. 



10 As the seal 1182 expands. the vohxne within the chamber 1141 is reduced,
forcing fluid into the branch pauage 113B. A thirteenth embodiment rahre
1220 in accordance with the present invention is illustrated in Figures 51
and 52 This valve 1 Z20 has a straight-flow artanpement similar to that of
the valves illusuated in Figures 20-29. The valve 12Z0 has a housing 1228
having a first end 1230 snd second end 1232 A main passage 1236 15 extends
from the first end 1230 to a smaller extension passage 1238 which extends
to the second end 1232. The extension passage 1238 is primarily defined by
a waA 1276 which is positioned within a sleeve 127B. A seal 1282 is
positioned in a conical portion 1248 of the main passage 1236 at the first
end 1230. Tht seal 1282 preferably comprises first and second seal portions
which, when put together, form an inverted frusto-conical shaped member.
Each seal portion is generally semi-circular in cross-sectional shape (in a
horizontal planet and defines a flat inner 20 surface 1283 for engagement
with the other seal portion. The outside surface 1185 of each seal portion
is curved, and tapers inwardly from top to bottom. Each seal portion is
biased in a direction towards the second end 1232 of the vaHe 1220. A
resilient biasing member 1270 has a first end connected to a bottom surface
of each seal portion and a second end secured to the housing 1228 some
distance along the main passage t236. As illustrated, each biasing member
1270 comprises a accordion-Eke 25 elastic member. Operation of the valve
1220 is as foAows. When not in use, the biasing member 1270 corresponding
to each portion of the seal 12B2 biases the seal portions towards the
second end 1 Z32 of the valve 1220. In this position, the soul 1282 seals
the main passage 1236 at the first end 1230 of the valve 1220. A user
inserts a connote or other medical apparatus, as illustrated in Figure 52,
between the two portions of the 30 seal 12B2. As the user does this and
advances the connote, the seal portions must spread apart to accommodate
the connote. This causes the seal portions to move upwardly towards the
first end 1230 of the valve 1220 along the corrical surface 1248 against
the force of the biasing member 1270. Once the connote is inserted, a fluid
path is established therefrom through the main passage 1236 and extension
passage 1238 through the valve 1230. At this time the fluid volume within
the valve 1220 is an amount V1. -26   '~ ~ N O Y 2002 WO 99/58l86 PCTN
S99/10713 When the user withdraws the cannula, the fluid vokrtte in the
valve 1220 reduces to aa.amount Y2, caumg fkdd to be displaced through the
extension passage 123B. In particular, once the cannufa is removed, the
biasing members 1270 draw the seal portions back towards the second end
1232 of the ralve 123D to the position illustrated in Fipttro 51. The seal
1282 in this position reseals the main passage 1236 at the first end 1230
of the valve 1220. The vahres desuibed above haring a seal I182. 282, 382)
482) 582. 682. 782 8B2) 982. 1082. 1168, i2821 msy be adapted for use with
a needle or other implement instead of the blunt cannula 37 r7lustrated. In
this arrangement. 



the seal may be solid fr.e., not pre-slid. In that cue, the piston 142 (or
similar member in the later desu3ed embodiments) is preferably constructed
of a durable material which is mot ready penetrand by the neetge. As
described above, each valve a preferably provided with a means for opening
and dosing a fhrid path through 10 the valve. In at least one embodiment,
this means is a moveable pstar lax. piston 42, Figure 12) while in other
embodiments 'rt a a pre-sGt seal fax. seal 1 B2, Figure 191. Those of ski
in the art wig appretdate that a variety of means msy be provided in
addition to those desuibed. For example, a reseslabk septum or the gke may
be wed. In addition, each valve includes a means for decreasing dte fluid
volume therein when one of tM medical implements is disconnected for
producing a positive fluid flow. In some embodiments this mear~ a a piston
(ex. piston 42, 15 Figure 12 or piston 1042, Figure 38I while in other
embodiments it is a ~' rent member such as a diaphragm or foam-like element
(ex. element 670, Figure 28 or element 770, Figure 30). Those of sfcig in
the art wal appretxate that other means may be provided. in some instances,
the means for opening and dosing the fkdd path is the sine as the means for
decreasing the fhrid vohrme (ex. piston 42, Frgure ? 21. 20 In the
embodiments described above, the fluid span inside 1M vahre increases upon
insertion of s medics) implement irt the compressed state and decreases
upon withdrawal of the medical implement in the detampressed stele. In some
embodimems, the structure defining the fluid space is substamisby relaxed
and does not store substantial amount of potential energy. Insertion of the
medico! implement causes a change in dre structure that allows it to store
potential energy. The potential energy is released upon withdrawal of the
medical implement and the structure returns to a 25 substantiagy relaxed
condition. The above presents a description of the best mode contenqtlated
of carrying out the pruent inventa~ and of the manner and process of using
it, in such full, dear, toncite, and exact terms as to enable any person
slu'lled kt the ari to which it pertains to make and use this invention.
This invention is, however, susceptible to mod'd'ications and ahetnate
constructions from that discussed above which are fugy equivalent. The
embodiments descn3ed are meant to be 30 illustrative and not exhaustive.
Consequently, it is not the intention to limit this invention to the
particular embodiments disdosed. On the contrary, the mtentron is to cover
all modifications and alternate constructions coming within the spirit and
scope of the invention as generally expressed by the iollowinp daims, which
particularly point out and datmctly daim the subject matter of the
invention. -27   1 ~ NOV 2002 W O 99/58186 PCT/US99/10713 WHAT IS CLAIMED
IS:1. A method of effecting a positive slow of fluid through a first
medical implement automatically tondisconnection of a second medical
implement from a calve having a housing with an element therein for
controlling the flowof fluid through said housing, said vahre defining a
fluid volume within said housing and said valve in communication with5said
first medical implement, comprising the steps ot:disconnecting said second
medical inplemem from said valve;moving at least a portion of said element
to a position in which fluid flow through said valve to said secondmedical
implement is prevented;decreasing the fluid volume withbr said rahre; andl
0forcing fluid from said housing towards said first medical implement.2.
The method in auordanct with Claim 1, wherein said element comprises a
resilient seal positioned insaid housing, said seal having a passage
therethrouph and wherein said moving step comprises allowing :aid seat to
expandto a position m wtuch said passage therethrough is occluded.3. The
method in accordance with Claim 1, wherein a piston member is movably
positioned within said15housing of said valve and said decreasing step
comprises moving said piston member.4. The method in auordance with Claim
3, wherein said step of disconnecting comprises removing saidfirst medical
implement from a first end of said valve, and wherein said decreasing step
comprises moving said pistontowards said first end of said valve.> 5. Tha
method in accordance with Claim i, wherein s manber is positioned within
said housing, said_ 20member arranged to increase said flcld vohme in said
housing when said first medical implement is connected to said valve._4 and
wherein said step of decreasing the rolume within said housing comprises
the step of allowing said member to expandin volume.6. The method in
accordance with Claim 1, wherein a member is positioned within said housing
airrdcooperates with said housing to form a chamber, and said step of
decreasing the volume within said housing comprises the25step of enlarging
the volume of said chamber.7. The method in auordance with Claim 1, wherein
said element comprises a seal, and further including apiston movably
positioned within said valve, said piston cooperating with said seal and
housing to define said fluid volume)and wherein said step of deusasinp the
fluid volume comprises the step of moving said piston towards said seal.B.
A medical valve for comrolbng the flow of fluid between a first medical
implement and a second30medical implement, said valve comprising a body
having a cavity in communication with said second medical implement andan
opening adapted to receive said first medical implement, and a seating
element positioned within said body and movablebetween a first position in
which said seal prevents fluid slow through said body and a second position
in which fluid flowis permitted through said body, said cavity including a
iiuid space which automatically and reversibly increases in sae when 



_28_   ~ 4 NOV 2fl02 WO 99/58l86 PCT/US99/10713 said fast medical implement
a connected to said valve and which contracts in size when said first
medical implement is disconnected. 9. The medical valve in accordance with
Claim 8, wherein said sealing element is a seal having a pre-slit passage
therethrough, said passage occluded when said seal is in said fast
position. 5 10. The medical valve in accordance with Claim 8, wherein said
sealing element comprises a piston movably mounted with respect to said
body. 11. The medical valve in accordance with Claim 10, wherein a ledge ~s
positioned within said cavity and said piston has a shoulder, said shoulder
engaging said ledge when said piston is in said first position. 12 The
medical valve in auordance with Claim 11, including means for biasing said
piston into said firsst 10 position. 13. The medical valve in accordance
with Cfa'un 12, wherein said means for biasing comprises a spring. 14. The
medical valve in accordance with Claun 10, wherein said piston divides said
cavity into a first fluid filled chamber and a second) air-filled chamber.
15. The medical valve in accordance with Claim 14, further including a rent
through said body extending to 15 said air-fi9ed chamber. 16. The medical
valve in accordance with Clam 10, wherein said piston has a head for
engagement by said first medical implement, said head having a slanted
surface. 17. The medical valve in accordance with Claim 14, wherein said
piston includes a hollow recess in communication with said air~tilled
chamber. 20 18. The medical valve in accordance with Claim 8, wherein said
opening is at a first end of said body, said body having a closed second
end and a branch, said branch defining a branch passage leading from said
cavity. 19. The medical valve in accordance with Claim 8, wherein said
opening is at a first end of said body and said body includes a second open
end. Z0. The medical vahre in accordance with Claim 8) further including a
piston member movably positaned 25 wrthin said body. 21. The medical valve
in accordance with Cla'un 20, further including means for biasing said
piston member in the direction of said sealing element. 22 The medical
valve in accordance with Cla'un 21, wherein said means for biasing
comprises a spring. 23. The medical valve in accordance with Claim 21,
wherein said means for biasing comprises a member 30 cooperating with said
body to define an air-filled chamber. 24. The medical valve in accordance
with Claim 21, wherein said means for biasing comprises an air-fgled
member. 25. The medical valve in accordance with Cla'un 8, further
including a diaphragm positioned within said cavity. -29 



1 4 NOV Z02 26. The medical vahre in accordance with Claim 25, whereby said
diaphragm divides said cavity into a first 27. A medical valve for
control~ng the flow of fluid between a fast medico) implement and a second
5 WO 99I58186 PCT/US99110713 chamber and a second chamber, and further
including a vent extending through said body to said second chamber.
medical implement, said valve comprising a body having a cavity in
communication with said second medical implement and an opening adapted to
receive said fist medical implement, and a seal positioned within said body
and movable between a first position in which said seal prevents fluid flow
through said body and a second position in which fluid flow is permitted
through said body, said valve defining a fluid space and further including
means connected to said body for reducing the fluid space within said valve
when said first medical hnplement is disconnected. 28. The medical valve in
auordance with Claim 27, wherein said means comprises an expanding resiient
10 15 closed-cell member. 29. The medical valve in accordance with Cta'un
27, wherein said means comprises a piston. 30. The medical valve in
accordanu with Claim 27, wherein said means comprises an air-filled
bladder. 31. The medical volts in accordance with Claim 30, wherein a vent
leads through said body to said bladder. 32 The medical valve in accordanu
with Claim 27, wherein said means comprises a diaphragm. 33. The medical
valve in accordance with Claim 29, wherein said piston has a passage
therethrough. 34. The medical vahre in accordance with Claim 27, wherein
said opening is positioned at a first end of said body. 35. The medical
valve in accordance with Claim 34, wherein said seal is positioned near
said first end of 20 said body and said cavity is defined by said body and
said seal. 36. The medical valve in accordance with Claim 27, wherein said
means is positioned within said cavity. 37. The medical valve in accordance
with Cla~rn 36, wherein said means divides said cavity into at least a 25
30 first and a second chamber. filled. .38 The medical vahre in accordance
with Claim 37, wherein one of said first or second chambers is air 39. A
medical vahre for controlling the flow of fluid between a first medical
implement Leading to a first site and second medical implement leading to a
second site) said valve comprising a body having a cavity) said body having
a first port for connection to said first medical implement and having a
second port adapted to receive said second medical implement, a seal
connected to said body and movable between a first position in which said
seal obstructs fluid flow iluough said body between said pons, and a second
position in which fluid flow is permitted through said body, said vahre
defining a fluid space between said ports and further including means
positioned within said body for reducing said fluid space within said valve
when one of said medical implements is disconnected. -30   a ,~ ~ Nov 2ooZ 



40. A medical valve for controlling the flow of fluid between a first
medical implement and a second medical implement, said valve comprising a
body having a cavity in communication with a second medical implement and
an opening adapted to receive a first medical implement, and a rigid
sealing element positioned within said body and movable between a first
position in which fluid flow is prevented through said body and a second
position in which fluid flow is permitted through said body, said cavity
including a fluid space which automatically and reversibly increases in
size when said first medical implement is connected to said valve and which
contracts in size when said first medical implement is disconnected, said
sealing element comprising a piston movably mounted with respect to said
body, wherein said body comprises at least one screw thread on an outside
surface of said body. 41. The medical valve of Claim 40, wherein said body
includes a ledge positioned within said cavity. 42. The medical valve of
Claim 41, wherein said piston comprises a shoulder which engages said ledge
when said sealing element is in said first position. 43. The medical valve
of Claim 40, wherein said sealing element additionally comprises a seal.
44. The medical valve of Claim 43, wherein said seal comprises a resilient
material. 45. The medical valve of Claim 44, wherein said seal comprises at
least one o-ring. 46. The medical valve of Claim 40, wherein said sealing
element additionally comprises a neck and a head, said neck having a
reduced diameter as compared to said head. 47. The medical valve of Claim
40, wherein said cavity comprises a proximal section and a distal section,
said proximal section having a smaller diameter than said distal section.
48. The medical valve of Claim 40, wherein a portion of said body limits
the advancement of the first medical implement into said cavity. -31   1 4
NOY 2002 49. The medical valve of Claim 40, including a means for biasing
said piston into said first position. 50. The medical valve of Claim 49,
wherein said means for biasing comprises a spring. 51. A medical valve for
controlling the flow of fluid between a first medical implement and a
second medical implement, said valve comprising a body having a cavity in
communication with a second medical implement and an opening adapted to
receive a first medical implement, and a rigid sealing element positioned
within said body and movable between a first position in which fluid flow
is prevented through said body and a second position in which fluid flow is
permitted through said body, said cavity including a fluid space which
automatically and reversibly increases in size when said first medical
implement is connected to said valve and which contracts in size when said
first medical implement is disconnected, said sealing element comprising a
piston movably mounted with respect to said body, said piston dividing said
cavity into a first chamber for receiving a fluid and a second, air-filled
chamber, wherein said body comprises at least one screw thread on an
outside surface of said body. 52. The medical valve of Claim 51, wherein
said sealing element additionally comprises a seal. 53. The medical valve
of Claim 52, wherein said seal comprises a resilient material. 54. The
medical valve of Claim 53, wherein said seal comprises at least one o-ring.
55. The medical valve of Claim 51, wherein said sealing element
additionally comprises a neck and a head, said neck having a reduced
diameter as compared to said head. 56. The medical valve of Claim 51,
wherein said cavity comprises a proximal section and a distal section, said
proximal section having a smaller diameter than said distal section. -32
~ 4 N 0 V 2002 57. The medical valve of Claim 51, wherein a portion of said
body limits the advancement of the first medical implement into said
cavity. 



58. The medical valve of Claim 51, further comprising a vent through said
body extending to said air-filled chamber. 59. The medical valve of Claim
51, wherein said piston includes a hollow recess in communication with said
air-filled chamber. 60. A medical valve for controlling the flow of fluid
between a first medical implement and a second medical implement, said
valve comprising a body having a cavity in communication with a second
medical implement and an opening adapted to receive a first medical
implement, and a rigid sealing element positioned within said body and
movable between a first position in which fluid flow is prevented through
said body and a second position in which fluid flow is permitted through
said body, said cavity including a fluid space which automatically and
reversibly increases in size when said first medical implement is
disconnected, said sealing element comprising a piston movably mounted with
respect to said body, said piston having a head for engagement by said
first medical implement, said head having a slanted surface. 61. The
medical valve of Claim 60, wherein said sealing element additionally
comprises a seal. 62. The medical valve of Claim 61, wherein said seal
comprises a resilient material. 63. The medical valve of Claim 62, wherein
said seal comprises at least one o-nng. 64. The medical valve of Claim 60,
wherein said sealing element additionally comprises a neck, said neck
having a reduced diameter as compared to said head. 65. The medical valve
of Claim 60, wherein said cavity comprises a proximal section and a distal
section, said proximal section having a smaller diameter than said distal
section. -33   1 4 NOV ~pp2 66. The medical valve of Claim 60, wherein a
portion of said body limits the advancement of the first medical implement
into said cavity. 67. A medical valve for controlling the flow of fluid
between a first medical implement and a second medical implement, said
valve comprising a body having a cavity in communication with a second
medical implement and an opening adapted to receive a first medical
implement, and a rigid sealing element positioned within said body and
movable between a first position in which fluid flow is prevented through
said body and a second position in which fluid flow is permitted through
said body, said cavity including a fluid space which automatically and
reversibly increases in size when said first medical implement is connected
to said valve and which contracts in size when said first medical implement
is disconnected, said opening being at a first end of said body, said body
having a closed second end and a branch, said branch defining a branch
passage leading from said cavity. 68. The medical valve of Claim 67,
wherein said sealing element additionally comprises a seal. 69. The medical
valve of Claim 68, wherein said seal comprises a resilient material. 70.
The medical valve of Claim 69, wherein said seal comprises at least one
o-ring. 71. The medical valve of Claim 67, wherein said sealing element
additionally comprises a neck and a head, said neck having a reduced
diameter as compared to said head. 72. The medical valve of Claim 67,
wherein said cavity comprises a proximal section and a distal section, said
proximal section having a smaller diameter than said distal section. 73.
The medical valve of Claim 67, wherein a portion of said body limits the
advancement of the first medical implement into said cavity. 74. A medical
valve for controlling the flow of fluid between a first medical implement
and a second medical implement, said valve comprising a body having a -34
1 ~ N o v 2002 cavity in communication with a second medical implement and
an opening adapted to receive a first medical implement, a rigid sealing
element comprising a piston member positioned within said body and movable
between a first position in which fluid flow is prevented through said body
and a second position in which fluid flow is permitted through said body,
said cavity including a fluid space which automatically and reversibly
increases in size when said first medical implement is disconnected, and
means for biasing said sealing element in the direction of said opening,
said means for biasing comprising a member cooperating with said body to
define an air-filled chamber, wherein said body comprises at least one
screw thread on an outside surface of said body. 75. The medical valve of
Claim 74, wherein said sealing element additionally comprises a seal. 



76. The medical valve of Claim 75, wherein said seal comprises a resilient
material. 77. The medical valve of Claim 76, wherein said seal comprises at
least one o-ring. 78. The medical valve of Claim 74, wherein said sealing
element additionally comprises a neck and a head, said neck having a
reduced diameter as compared to said head. 79. The medical valve of Claim
74, wherein said cavity comprises a proximal section and a distal section,
said proximal section having a smaller diameter than said distal section.
80. The medical valve of Claim 74, wherein a portion of said body limits
the advancement of the first medical implement into said cavity. 81. A
medical valve for controlling the flow of fluid between a first medical
implement and a second medical implement, said valve comprising a body
having a cavity in communication with a second medical implement and an
opening adapted to receive a first medical implement, a rigid sealing
element positioned within said body and movable between a first position in
which fluid flow is prevented through said body -35   1 4 N 0 Y 2002 and a
second position in which fluid flow is permitted through said body, said
cavity including a fluid space which automatically and reversibly increases
in size when said first medical implement is connected to said valve and
which contracts in size when said first medical implement is disconnected,
and means for biasing said sealing element in the direction of said
opening, said means for biasing comprising an air-filled member, wherein
said body comprises at least one screw thread on an outside surface of said
body. 82. The medical valve of Claim 90, wherein said sealing element
additionally comprises a seal. 83. The medical valve of Claim 91, wherein
said seal comprises a resilient material. 84. The medical valve of Claim
92, wherein said seal comprises at least one o-ring. 85. The medical valve
of Claim 90, wherein said sealing element additionally comprises a neck and
a head, said neck having a reduced diameter as compared to said head. 86.
The medical valve of Claim 90, wherein said cavity comprises a proximal
section and a distal section, said proximal section having a smaller
diameter than said distal section. 87. The medical valve of Claim 90,
wherein a portion of said body limits the advancement of the first medical
implement into said cavity. 88. A medical valve for controlling the flow of
fluid between a first medical implement and a second medical implement,
said valve comprising a body having a cavity in communication with a second
medical implement, an opening adapted to receive a first medical implement,
and a sealing element positioned within said body and movable between a
first position in which fluid flow is prevented through said body and a
second position in which fluid flow is permitted through said body, said
cavity including a fluid space which automatically and reversibly increases
in size when said first medical implement is connected to said valve and
which contracts in size when -3 6   . , 1 4 N O V F002 said first medical
implement is disconnected, said sealing element comprising a piston movably
mounted with respect to said body, said piston having a head for engagement
by said first medical implement, said head having a slanted surface. 



89. The medical valve of Claim 97, wherein said sealing element
additionally comprises a seal. 90. The medical valve of Claim 98, wherein
said seal comprises a resilient material. 91. The medical valve of Claim
99, wherein said seal comprises at least one o-ring. 92. The medical valve
of Claim 97, wherein said sealing element additionally comprises a neck,
said neck having a reduced diameter as compared to said head. 93. The
medical valve of Claim 97, wherein said cavity comprises a proximal section
and a distal section, said proximal section having a smaller diameter than
said distal section. 94. The medical valve of Claim 97, wherein a portion
of said body limits the advancement of the first medical implement into
said cavity. 95. A medical valve for controlling the flow of fluid between
a first medical implement and a second medical implement, said valve
comprising a body having a cavity in communication with a second medical
implement, an opening adapted to receive a first medical implement, and a
sealing element positioned within said body and movable between a first
position in which fluid flow is prevented through said body and a second
position in which fluid flow is permitted through said body, said cavity
including a fluid space which automatically and reversibly increases in
size when said first medical implement is connected to said valve which
contracts in size when said f rst medical implement is disconnected, said
sealing element comprising a piston movably mounted with respect to said
body, said piston dividing said cavity into a first chamber for receiving a
fluid and a second air-filled chamber, wherein said body comprises at least
one screw thread on an outside surface of said body. -37   4 NOV 2'002 96.
The medical valve of Claim l04, wherein said sealing element additionally
comprises a seal. 97. The medical valve of Claim 105, wherein said seal
comprises a resilient material. 98. The medical valve of Claim 106, wherein
said seal comprises at least one o-rmg. 99. The medical valve of Claim l04,
wherein said piston includes a hollow recess in communication with said
air-filled chamber. 100. The medical valve of Claim 104, wherein said
sealing element additionally comprises a neck and a head, said neck having
a reduced diameter as compared to said head. 101. The medical valve of
Claim 104, wherein said cavity comprises a proximal section and a distal
section, said proximal section having a smaller diameter than said distal
section. 102. The medical valve of Claim l04, wherein a portion of said
body limits the advancement of the first medical implement into said
cavity. 103. A medical valve for controlling the flow of fluid between a
first medical implement and a second medical implement, said valve
comprising a body having a cavity in communication with a second medical
implement and an opening adapted to receive a first medical implement, a
sealing element positioned within said body and movable between a first
position in which fluid flow is prevented through said body and a second
position in which fluid flow is permitted through said body, said cavity
including a fluid space which automatically and reversibly increases in
size when said first medical implement is connected to said valve and which
contracts in size when said first medical implement is disconnected,
wherein said body comprises at least one screw thread for detachably
securing said first medical implement to said valve. 104. The medical valve
of Claim 112, wherein said at least one screw thread is located on an
outside surface of said body. -3 8   1 G NOV 2'002 105. The medical valve
of Claim I12, wherein a portion of said body limits the advancement of the
first medical implement into said cavity. 106. The medical valve of Claim
112, wherein said sealing element additionally comprises a seal. 107. The
medical valve of Claim 115, wherein said seal comprises a resilient
material. 108. The medical valve of Claim 116, wherein said seal comprises
at least one o-ring. 109. The medical valve of Claim 112, wherein said
sealing element additionally comprises a neck and a head, said neck having
a reduced diameter as compared to said head. 110. The medical valve of
Claim 112, wherein said cavity comprises a proximal section and a distal
section, said proximal section having a smaller diameter than said distal
section. 11l. A medical valve for controlling the flow of fluid between a
medical implement and a catheter tip of a catheter in fluid communication
with said valve, said valve comprising a body having a cavity with an
outlet adapted to be connected in fluid 



communication with a catheter tip and an opening adapted to receive a
medical implement, and a seal positioned within said body and movable
between a first position in which fluid flow is permitted through said
opening and a second position in which said seat obstructs fluid flow
through said opening, said cavity including a first fluid space open to
said outlet when said seal is in said first position and a second smaller
space open to said outlet when said seal is in said second position. 112.
The medical valve in accordance with Claim 111, wherein said seal has a
first end and a second end and a passage therethrough, said passage
occluded when said seal is in said second position. 113. The medical valve
in accordance with Claim 111, wherein said body has a proximal end and a
distal end, and wherein said seal moves distally within said body to said
first position when a medical implement is inserted through said opening.
-3 9   ~ ~ Nov zooz 114. The medical valve in accordance with Claim 111,
further including biasing means for biasing said seal into said second
position. 115. The medical valve in accordance with Claim 114, wherein said
biasing means comprises a spring. 116. The medical valve in accordance with
Claim 111, further including a flow control member which reversibly
contracts said fluid space in said second position and expands said fluid
space in said first position. 117. The medical valve in accordance with
Claim 116, wherein said flow control member comprises a portion of said
seal. 118. A positive flow medical valve comprising a body including a wall
structure defining an internal cavity having a proximal end and a distal
end, said proximal end having an opening sufficiently large to receive a
delivery end of a medical implant which transfers fluid through said
delivery end; a resilient seal which is adapted to be moved into a
compressed state upon insertion of a delivery end of a medical implement
into said opening and returns to a decompressed state upon removal of said
delivery end, said seal in a decompressed state having a section which
fills essentially completely a portion of said cavity adjacent said
opening, with said seal section bearing against said wall structure near
said opening to seal said opening, and in a compressed state said seal
section being pushed by the delivery end of the medical implement away from
said opening and into said cavity, said seal having a hollow interior and
including an orifice in said seal section which is open in a resting state
but is kept closed by said opening in said decompressed state; a fluid
space including at least a portion of said hollow interior and disposed at
least partially in said cavity; and a flow control member which reversibly
contracts said fluid space in said decompressed state and expands said
fluid space in said compressed state. 119. The valve in accordance with
Claim 118, wherein said flow control member comprises a portion of said
seal. -40 



. . 1 4 NO V Z002 120. The valve in accordance with Claim 118, further
including means for biasing said seal towards said decompressed state. 121.
The valve in accordance with Claim l20, wherein said means comprises a
spring. 122. The valve in accordance with Claim 120, wherein said means
comprises a pair of cross-members. 123. The valve in accordance with Claim
118, wherein said wall is movable and said fluid space comprises partly
said cavity defined by said wall. 124. A medical valve for controlling the
flow of fluid between a medical implement and a catheter tip of a catheter
in fluid communication with said valve, said valve comprising a body having
a cavity in fluid communication with the catheter tip and an opening
adapted to receive the medical implement, a moveable wall forming a wall of
said cavity, and a seal positioned within said body, said seal configured
to permit fluid to flow through said seal and movable between a first
position in which fluid flow is permitted through said opening and a second
position in which said seal obstructs fluid flow through said opening, said
cavity including a fluid space which automatically and reversibly increases
in size when said seal is moved to said first position and which contracts
in size when said seal is moved to said second position. 125. The valve of
Claim 124 including a resilient member urging the wall to move in a
direction to decrease said space. l26. A medical valve for controlling the
flow of fluid between a medical implement and a catheter tip of a catheter
in fluid communication with said valve, said valve comprising a body having
a cavity to be in fluid communication with said valve, said valve
comprising a body having a cavity to be in fluid communication with a
catheter tip and an opening adapted to receive the medical implement, a
seal positioned within said body and movable between a first position in
which fluid flow is permitted through said opening and a second position in
which said seal obstructs fluid flow through said opening, said cavity
including a fluid space which automatically and reversibly increases in
size when said seal is moved to said first position and which -41   1 ~ ~av
~oa~ contracts in size when said seal is moved to said second position, and
said body having an inlet adapted to receive another medical implement,
said inlet being in fluid communication through said cavity to said outlet
with said seal in either of said first or second positions. 127. A medical
device comprising: a housing having a cavity with a first inlet for fluid
flow into the cavity, and an outlet for connection to a catheter leading to
a patient; said housing having a second inlet for receiving a medical
implement to introduce fluid into the cavity; a valve element having a
first position closing said second inlet and a second position in which
said valve element is moved by said implement into a position in which said
second inlet is open to said outlet while said first inlet remains open for
fluid flow to said outlet, said valve element being configured to cause the
volume of said cavity to increase when moved from said first position to
said second position and to cause said volume to decrease when moved to
said first position. 128. The device of Claim 127, including a movable wall
in said cavity, which is movable by said element to increase the volume of
the cavity. 129. The device of Claim 128, including a resilient member
urging said wall in a manner to decrease the volume of the cavity. 130. The
device of Claim 129, wherein said wall is a piston and said resilient
member is a spring. 131. A method of causing a positive flow of fluid
through a catheter tip automatically upon disconnection of a first medical
implement from a valve having a housing with a moveable element therein for
controlling the flow of fluid through said housing, said element defining a
fluid volume within said housing and said valve in communication with said
catheter tip, said housing connectable to a second medical implement
wherein an uninterrupted flow of fluid is permitted from the second medical
implement through said valve and to the catheter tip when the second
medical implement is connected to said valve, comprising the steps of: -42
1 4 NOV 2"fl02 disconnecting said first medical implement form said valve;
and moving said moveable element to a position in which fluid flow between
said valve and said implement is prevented; decreasing the fluid volume
within said valve housing; and forcing fluid from said housing towards said
catheter tip. 



132. A method of delivering fluid through a catheter tip comprising the
steps of: providing a valve having a housing with an inlet and an outlet in
communication with said catheter tip, said housing having an opening closed
by a movable element; flowing fluid from said inlet to said outlet;
connecting a medical implement to said opening and moving said element into
a position in which the fluid volume in said housing is increased;
injecting fluid from said implement into said housing and to said outlet,
while fluid communication from said inlet to said outlet remains open;
disconnecting said medical element to a position in which fluid flow from
said implement into said housing is prevented, while fluid flow from said
inlet to said outlet is permitted; decreasing the fluid volume within said
valve housing; and forcing fluid from said housing towards said catheter
tip. 133. A medical valve for controlling the flow of fluid between a first
medical implement and a second medical implement, said valve comprising: a
body having a cavity in communication with a second medical implement and
an opening adapted to receive a first medical implement; and a sealing
mechanism positioned within said body and movable between a first position
in which said sealing mechanism prevents fluid flow through said cavity and
a second position in which fluid flow is permitted through said cavity,
said cavity including a fluid space which automatically and reversibly
increases in size when said -43   ~ 4 N 0 V 2002 first medical implement is
connected to said valve and which contracts in size when said first medical
implement is disconnected, said sealing mechanism comprising: a rigid
element movably mounted within said cavity to automatically and reversibly
increase the size of the fluid space; an air-filled chamber sealed from
said fluid space; a spring positioned in said chamber for biasing said
element into said first position; and a resilient seal adapted to engage an
interior surface of said cavity adjacent said opening for preventing fluid
from flowing through the cavity when said 



sealing mechanism is in said first position. 134. The medical valve of
Claim 12, wherein the seal is coupled to said element. 135. The medical
valve of Claim 12, wherein the element comprises a plurality of
cylindrically shaped segments, said segments each having different
diameters for providing a decrease in said fluid space when said sealing
mechanism is in said first position and an increase in said fluid space
when said sealing mechanism is in said second position. 136. A medical
valve adapted to facilitate fluid flow between a male luer and an
intravenous fluid line connected to a patient, comprising: a body having a
cavity in fluid communication with an intravenous fluid line and an opening
adapted to receive a male luer, said body having an axial centerline
extending through said body, said cavity comprising a neck portion located
adjacent said opening and a larger diameter main portion adjacent said neck
portion; and a sealing device in the cavity and movable between a closed
position in which said sealing device prevents fluid flow through said
cavity and an open position in which fluid flow is permitted through said
cavity, said sealing device comprising: a non-deformable reaction member
extending across a substantial part of said cavity main portion for
automatically increasing and decreasing fluid space in the cavity, said
reaction member adapted to reciprocate along said centerline; -44   1 4 N O
V 2'002 a sealing cap located along said centerline at said opening for
engagement by said male luer; a cylindrical shaft located along said
centerline between said sealing cap and said reaction member, the shaft
being movable axially into and out of said neck portion, said shaft having
a smaller diameter than said reaction member for substantially filling the
neck portion when said sealing device is in said closed position and for
increasing the fluid space in said main portion when said sealing device is
in said open position so that said fluid space automatically and reversibly
increases in size when said male luer is connected to said connector and
which contracts in size when said male luer is disconnected; a chamber
positioned in said body isolated from said fluid space, said chamber
adapted to expand and contract when said sealing device moves between said
closed position and said open position; and a spring positioned in said
chamber and engaging said reaction member for biasing said sealing device
into said closed position. 137. A medical valve adapted to facilitate fluid
flow between a male luer and an intravenous fluid line connected to a
patient, comprising: a body having a cavity in fluid communication with an
intravenous fluid 



line and an opening adapted to receive a male luer, said body having an
axial centerline extending through said body, said cavity comprising a neck
portion located adjacent said opening and a larger diameter main portion
adjacent said neck portion; and a sealing device disposed in the cavity and
movable between a closed position in which said sealing device prevents
fluid flow through said cavity and an open position in which fluid flow is
permitted through said cavity, said sealing device comprising: a rigid disk
shaped piston mounted within said cavity and extending across a substantial
part of said cavity main portion, said piston adapted to reciprocate along
said centerline; -45   1 4 N O V 2002 a sealing cap located along said
centerline adjacent said opening for engagement by said male luer; a
cylindrical shaft located along said centerline between said sealing cap
and said piston, said shaft being movable into and out of said neck
portion, said shaft and said piston cooperating with each other for
automatically and reversibly increasing in size a fluid space located in
said cavity when said male luer is connected to said connector and
contracting the fluid space in size when said male luer is disconnected; a
chamber positioned in said body isolated from said fluid space, said
chamber adapted to expand and contract when said sealing device moves
between said closed position and said open position; and a spring
positioned in said chamber and engaging said piston for biasing said
sealing device into said closed position. 13 8. A medical valve adapted to
facilitate fluid flow between a first medical implement and a second
medical implement, comprising: a body having a cavity in fluid
communication with a second medical implement and an opening adapted to
receive a first medical implement, said cavity having a neck portion and a
larger diameter main portion, a border between the neck portion and the
main portion creating an annular wall; and a sealing mechanism in the
cavity movable between a first position in which the sealing mechanism
prevents fluid flow through said cavity and a second position in which
fluid flow is permitted through said cavity, said sealing mechanism
comprising: a cap for engagement of said first medical implement; a
cylindrical shaft being axially moveable into and out of the neck portion;
a rigid disk shaped piston coupled to the shaft, the piston and the shaft
having different diameters to define an annular region to cooperate with
the annular wall 



to create a fluid space, the annular region adapted to move axially away
from the annular wall when the sealing mechanism moves into the second
position so that the -46   1 4 NOV Q002 fluid space is increased in size
and the annular region is adapted to move axially toward the annular wall
when the sealing mechanism moves into the first position so that the fluid
space is decreased in size; and an air filled chamber isolated from the
fluid space, the chamber having a spring positioned in the chamber and
engaging the piston for biasing the sealing mechanism into the closed
position. 139. The medical valve of Claim 17, wherein an area defined by a
radial cross-section of the piston is at least twice as large as an area
defined by a radial cross section of the shaft. 140. The medical valve of
Claim 18, wherein the area of the piston is at least three times as large
as the area of the shaft. -47 .Ay.A(l.A,.AlN.A.AYu.Aa.A.AY.A.A.A.AAY.A.A;
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