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VALVE CONFIGURATIONS FOR A TUNABLE VALVE

PRIORITY
[0001] This application claims the benefit of priority to U.S. Provisional Application
No. 63/059,652, filed July 31, 2020, which is incorporated by reference in its entirety into this
application.
BACKGROUND
[0002] Catheters, such as vascular catheters, can include valves which are configured

to control the infusion and aspiration of fluids therethrough. These valves can be manufactured
to various specifications, including various ranges of fluid pressures for crack pressures,
maintenance pressures, lumen clearance, or the like for either the infusion flow direction or the
aspiration flow direction. “Crack pressure” being the amount of fluid pressure required to open
the valve and “maintenance pressure” being the amount of fluid pressure required to maintain

the valve in an open configuration.

[0003] Current valve designs result in inconsistent specifications resulting in hundreds
of thousands of dollars in scrap costs per year. For example, valves currently produced define
a limited range of target specifications but a broad range of tolerances within the intended
specifications. As such, two seemingly identical valves can present very different crack
pressures, maintenance pressures, etc. when in use. This can present problems to the user,
since these differences may mask the presence of a thrombosis or similar obstruction.
Alternatively, the catheter system may be unnecessarily removed and discarded on the
misinterpretation that an obstruction is present. Further problems exist with blood hemolysis,
where a pressure drop across the valve during use cause damage to the cells. In addition, certain

valve design can create fluid flow dead zones leading to incomplete clearance of the valve.

[0004] Embodiments disclosed herein are directed to valves configured to overcome
the aforementioned problems by providing highly tunable specifications. These tunable
specifications allow a wide range of target pressures to be provided and still achieve low
tolerance variations within the target pressure, leading to more precise valve specifications.
The specifications can then be optimized to mitigate blood hemolysis and to increase turbulent

flow to improve lumen clearance. Further these specifications can be easily modified during
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the manufacturing process leading to improved manufacturing efficiency and associated cost

savings.

SUMMARY

[0005] Disclosed herein is a valved connector including, a connector body defining a
lumen, and a valve configured to control a fluid flow through the lumen, the valve including a
proximal face and a distal face, one of the proximal face or the distal face defining an oval
shape, the valve defining a curved lateral axis and a linear transverse axis, and including a slit

extending from the proximal face to the distal face.

[0006] In some embodiments, the valved connector further includes a center slit and a
side slit each extending parallel to the lateral axis, the side slit disposed in an off-set relationship
along the transverse axis from the center slit. The side slit extends through the valve from the
proximal face to the distal face at an angle relative to a longitudinal axis. A first side slit is
angled in a first direction relative to the longitudinal axis and a second side slit is angled in a
second direction opposite the first direction, relative to the longitudinal axis. The center slit
opens during both infusion and aspiration and the side slit opens only during infusion. A crack
pressure of the slit is greater than a maintenance pressure of the slit. One of the proximal face

or the distal face of the valve includes a recess encircling a portion of the slit.

[0007] In some embodiments, the connector body includes a proximal housing piece
defining a first lumen and a distal housing piece defining a second lumen, and wherein a portion
of the valve is retained between the proximal housing piece and the second housing piece to
control a fluid flow between the first lumen and the second lumen. A portion of the first lumen
defines a reduced cross-sectional area to modify an aspiration crack pressure. A portion of the
first lumen defines one of an oval shape, an oblong shape or a cross shape to direct a fluid flow
towards the slit. A radius of curvature of the lateral axis can vary between d=0.5z and d=4z,

where d is a midpoint distance from a linear axis and z is a longitudinal thickness of the valve.

[0008] Also disclosed is a method of manufacturing a valved connector including,
forming a proximal housing piece including a first lumen and a distal engagement surface,
forming a distal housing piece including a second lumen and a proximal engagement surface,
forming a valve including a proximal face and a distal face and a slit extending therebetween,
one of the proximal face or the distal face defining an oval shape, a lateral axis of the oval

shape being wider than a transverse axis of the oval shape, retaining the valve between the
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proximal housing piece and the distal housing piece to control a fluid flow between the first
lumen and the second lumen, constraining the lateral axis of the valve to a curved shape to
provide a convex shape to the proximal face, and attaching the distal engagement surface with

the proximal engagement surface.

[0009] In some embodiments, a radius of curvature of the lateral axis can vary between
d=0.5z and d=4z, where d is a midpoint distance from a linear axis and z is a longitudinal
thickness of the valve between the proximal face and the distal face. The valve further includes
a center slit and a side slit each extending parallel to the lateral axis and extending from the
proximal face to the distal face, the side slit disposed in an off-set relationship along the
transverse axis from the center slit. The side slit extends through the valve from a proximal
face to a distal face at an angle relative to a longitudinal axis. A first side slit is angled in a
first direction relative to the longitudinal axis and a second side slit is angled in a second

direction opposite the first direction, relative to longitudinal axis.

[0010] In some embodiments, the center slit opens during both infusion and aspiration
and the side slit opens only during infusion. A crack pressure of the slit is greater than a
maintenance pressure thereof. One of the proximal face or the distal face of the valve includes
a recess encircling a portion of the slit. A portion of the first lumen defines a reduced cross-

sectional area to modify an aspiration crack pressure.

[0011] These and other features of the concepts provided herein will become more
apparent to those of skill in the art in view of the accompanying drawings and the following

description, which describe particular embodiments of such concepts in greater detail.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A more particular description of the present disclosure will be rendered by
reference to specific embodiments thereof that are illustrated in the appended drawings. It is
appreciated that these drawings depict only typical embodiments of the invention and are
therefore not to be considered limiting of its scope. Example embodiments of the invention
will be described and explained with additional specificity and detail through the use of the

accompanying drawings in which:

[0013] FIG. 1A illustrates a perspective view of an exemplary catheter system

including a valved connector, in accordance with some embodiments.
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[0014] FIG. 1B illustrates a perspective view of the valved connector of FIG. 1A, in

accordance with some embodiments.

[0015] FIGS. 1C-1D illustrate exemplary flow directions of a valve of the valved

connector of FIG. 1B, in accordance with some embodiments.

[0016] FIG. 2A illustrates a proximal end view of a valve, in accordance with some
embodiments.
[0017] FIG. 2B illustrates a transverse axis cross-sectional view of a valve, in

accordance with some embodiments.

[0018] FIG. 2C illustrates a lateral axis cross-sectional view of a valve, in accordance

with some embodiments.

[0019] FIG. 2D illustrates various exemplary radii of curvature for a lateral axis of the

valve of FIG. 2C, in accordance with some embodiments.

[0020] FIG. 3A illustrates a distal end view of a valve, in accordance with some
embodiments.
[0021] FIG. 3B illustrates a transverse axis cross-sectional view of the valve of FIG.

3A, in accordance with some embodiments.

[0022] FIG. 4A illustrates a proximal end view of a valve, in accordance with some
embodiments.
[0023] FIG. 4B illustrates a transverse axis cross-sectional view of the valve of FIG.

4A, in accordance with some embodiments.

[0024] FIGS. 5A-5C illustrate distal end views of various embodiments of a valve, in

accordance with some embodiments.

[0025] FIG. 6A illustrates a cross-sectional view of a connector body including a valve,

in accordance with some embodiments.

[0026] FIGS. 6B-6D illustrate a proximal end view of various embodiments of a

connector body including a valve, in accordance with some embodiments.
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DETAILED DESCRIPTION

[0027] Before some particular embodiments are disclosed in greater detail, it should be
understood that the particular embodiments disclosed herein do not limit the scope of the
concepts provided herein. It should also be understood that a particular embodiment disclosed
herein can have features that can be readily separated from the particular embodiment and
optionally combined with or substituted for features of any of a number of other embodiments

disclosed herein.

[0028] Regarding terms used herein, it should also be understood the terms are for the
purpose of describing some particular embodiments, and the terms do not limit the scope of the
concepts provided herein. Ordinal numbers (e.g., first, second, third, etc.) are generally used
to distinguish or identify different features or steps in a group of features or steps, and do not

2

supply a serial or numerical limitation. For example, “first,” “second,” and “third” features or
steps need not necessarily appear in that order, and the particular embodiments including such
features or steps need not necessarily be limited to the three features or steps. Labels such as
“left,” “right,” “top,” “bottom,” “front,” “back,” and the like are used for convenience and are
not intended to imply, for example, any particular fixed location, orientation, or direction.
Instead, such labels are used to reflect, for example, relative location, orientation, or directions.

Singular forms of “a,” “an,” and “the” include plural references unless the context clearly

dictates otherwise.

[0029] With respect to “proximal,” a “proximal portion” or a “proximal end portion”
of, for example, a catheter disclosed herein includes a portion of the catheter intended to be
near a clinician when the catheter is used on a patient. Likewise, a “proximal length” of, for
example, the catheter includes a length of the catheter intended to be near the clinician when
the catheter is used on the patient. A “proximal end” of, for example, the catheter includes an
end of the catheter intended to be near the clinician when the catheter is used on the patient.
The proximal portion, the proximal end portion, or the proximal length of the catheter can
include the proximal end of the catheter; however, the proximal portion, the proximal end
portion, or the proximal length of the catheter need not include the proximal end of the catheter.
That is, unless context suggests otherwise, the proximal portion, the proximal end portion, or

the proximal length of the catheter is not a terminal portion or terminal length of the catheter.

[0030] With respect to “distal,” a “distal portion” or a “distal end portion” of, for

example, a catheter disclosed herein includes a portion of the catheter intended to be near or in
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a patient when the catheter is used on the patient. Likewise, a “distal length” of, for example,
the catheter includes a length of the catheter intended to be near or in the patient when the
catheter is used on the patient. A “distal end” of, for example, the catheter includes an end of
the catheter intended to be near or in the patient when the catheter is used on the patient. The
distal portion, the distal end portion, or the distal length of the catheter can include the distal
end of the catheter; however, the distal portion, the distal end portion, or the distal length of
the catheter need not include the distal end of the catheter. That is, unless context suggests
otherwise, the distal portion, the distal end portion, or the distal length of the catheter is not a

terminal portion or terminal length of the catheter.

[0031] To assist in the description of embodiments described herein, as shown in FIGS.
1A-1B, alongitudinal axis extends substantially parallel to an axial length of the connector 20.
A lateral axis extends normal to the longitudinal axis, and a transverse axis extends normal to
both the longitudinal and lateral axes. As used herein, the term “crack pressure” is the amount
of fluid pressure, or force, required to transition a valve from a closed configuration to an open
configuration. As used herein, the term “maintenance pressure” is the amount of fluid pressure

required to maintain the valve in an open configuration.

[0032] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by those of ordinary skill in the art.

[0033] FIG. 1 shows an exemplary catheter system (“catheter”) 10. The exemplary
catheter 10 can be a dialysis catheter. However, it will be appreciated that embodiments
disclosed herein can be used with any catheter or medical device that include valves, such as a
Peripherally Inserted Central Catheter (“PICC”), Central Venous Catheters (“CVC”),
intravenous (“IV”) catheters, drainage catheters, midline catheters, introducer sets, port access

systems, urinary catheter systems, or the like, without limitation.

[0034] The catheter 10 generally includes a catheter body 11, defining one or more
lumen and supported by a catheter hub 12 coupled to a proximal end thereof The catheter
system 10 can further include an extension leg 13 extending proximally from the hub 12. The
extension leg 13 can define an extension leg lumen that is in fluid communication with a lumen
of the catheter body 11. It will be appreciated that the catheter system 10 can include two or
more extension legs, for example a first extension leg 13A and a second extension leg 13B,

each of which are in communication with a lumen of the catheter body 11, e.g. a first extension
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leg 13A communicates with a first lumen, and a second extension leg 13B communicates with
a second lumen. The extension leg 13 can further include a connector 20 disposed at a proximal

end thereof.

[0035] FIG 1B shows further details of the connector 20, in an embodiment, the
connector 20 includes a body 22 that defines a lumen 24. The lumen 24 extends axially and
provides fluid communication between a coupler 26, disposed at a proximal end of the
connector body 22, and the extension leg 13 disposed a distal end of the connector body 22.
The coupler 26 can include a luer lock, spin nut, twist lock, or similar coupling structure

configured to secure a medical line, syringe, introducer, or similar device, to the connector 20.

[0036] In an embodiment, the connector 20 can include a valve 100 configured to
control a fluid flow through the connector lumen 24. In an embodiment, the valve 100 can be
a slit valve, however other types of valve including flap valve, duck bill valve, bileaflet,
combinations thereof, or the like, are also contemplated. In an embodiment, the valve 100 can
be formed of a pliable material. Exemplary pliable materials can include a polymer, elastomer,

rubber, silicone, or similar suitable material, as described in more detail herein.

[0037] Embodiments of the valve 100 can provide precise crack pressures and precise
maintenance pressures, with associated low tolerance ranges. This allows manufacturers to
tune the valve to operate under precise flow rates. Further manufacturers can tune an increased
difference between crack pressure and maintenance pressure to mitigate blood hemolysis.
Further still, embodiments can provide increased turbulent flow for improved connector lumen

clearance.

[0038] As shown in FIGS. 1C-2C, the valve 100 can include a proximal face 140 and
a distal face 142 each extending perpendicular to the longitudinal axis, and include a side
surface extending between the proximal face 140 and the distal face 142, substantially parallel
to the longitudinal axis. In an embodiment, one of the proximal face 140 or the distal face 142
of the valve 100 defines a substantially oval shape. As shown in FIGS. 1C-1D, the oval shape
can include a widest diameter extending along a lateral axis 106 of the valve 100, and a shortest
diameter extending along a transverse axis 108 of the valve 100. However, it will be
appreciated that the oval shape can also be oriented with the widest diameter extending along

a transverse axis and the shortest diameter extending along the lateral axis. It will also be
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appreciated that the valve 100 can include other general cross-sectional shapes such as circular,

hexagonal, polygonal, or similar closed curve regular or irregular polygonal shapes, or the like.

[0039] In an embodiment, one of the proximal face 140 or the distal face 142 can
include a rim 146 extending annularly about a perimeter of the proximal face 140 or the distal
face 142. In an embodiment, the rim 148 can be configured to engage the connector body to
secure the valve 100 therein. In an embodiment, one of the proximal face 140 or the distal face
142 can include various surface configurations, such as domed, flat, half-dome, recessed,

combinations thereof, or the like, as described in more detail herein.

[0040] In an embodiment, the valve 100 can include one or more slits extending from
the proximal surface 140 to the distal surface 142 and configured to control a fluid flow
therethrough. For example, as shown in FIGS. 1C-1D, a center slit 102 can be configured to
allow a fluid flow in a first direction (e.g. infusion) and a side slit 104 can be configured to
allow fluid flow in a second direction, opposite the first, (e.g. aspiration). In an embodiment,
one of the center slit 102 or the side slit 104 can be configured to allow a fluid flow in both the
first direction and the second direction. For example, the center slit 102 may open (actuate)
during both infusion and aspiration and the side slits 104A, 104B may open during infusion
only. Advantageously, this can allow for a greater fluid flow during infusion to facilitate fluid
clearance from the valve 100. However, it will be appreciated that other combinations of

infusion/aspiration slit actuation are also contemplated.

[0041] FIGS. 2A-2C show further details of the valve 100. FIG. 2A illustrates a
proximal end view of the valve 100. FIG. 2B illustrates a transverse axis 108 cross sectional
view of the valve 100. FIG. 1C illustrates a lateral axis 106 cross sectional view of the valve
100. As shown in FIG. 2A, in an embodiment, one or more of the center slit 102 or side slit
104 can extend parallel to the lateral axis 106. However, it will be appreciated that one of the
center slit 102 or side slit 104, can extend parallel to the transverse axis 108, or at an angle

relative to the lateral axis 106 and the transverse axis 108.

[0042] As noted, one of the proximal face 140 or the distal face 142 of the valve 100
can define a substantially oval shape including a lateral axis 106 defining a longest diameter
(x), and a transverse axis 108 defining a shortest diameter (y). In an embodiment, the lateral
axis 106 of the valve 100 can define a longest diameter (x) of between 0.25 in. and 0.5 in. In

an embodiment, the transverse axis 108 of the valve 100 can define a shortest diameter () of
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between 0.15 in. and 0.3 in. Howeyver, it will be appreciated that greater or lesser dimensions
of the longest diameter (x) and the shortest diameter (y) are also contemplated. In an
embodiment, the longest diameter (x) extends perpendicular to the shortest diameter (y),
although other angles are contemplated where cross-sectional shapes can define irregular or

asymmetrical shapes.

[0043] In an embodiment, the valve 100 may include a center slit 102 and a first side
slit 104A and a second side slit 104B. In an embodiment, the center slit 102 can extend through
a cross-sectional mid-point 148 of the proximal face 144 and the side slits 104A, 104B can be
off-set from the center slit 102 along the transverse axis 108. However, other configurations
of slits 102, 104 are also contemplated, as discussed in more detail herein. The center slit 102
can extend parallel to the lateral axis 106 to define a first slit length (a). The side slit(s) 104A,
104B can also extend parallel to the lateral axis 106 and define a second slit length (5). In an
embodiment, the second slit length (b) can be less than the first slit length (a). In an
embodiment, the first slit length (a) can define a length of between 50%-90% of the lateral axis
diameter (x). In an embodiment, the second slit length () can define a length of between 25%-
40% of the lateral axis diameter (x). However, it will be appreciated that greater or lesser

dimensions of first slit length (a) and second slit length (4) are also contemplated.

[0044] In an embodiment, a difference in the length of the slit 102, 104, can modify the
crack pressure of the slit(s) 102, 104. For example, a relatively longer slit length can provide
arelatively lower crack pressure, whereas a relatively shorter slit length can provide a relatively
higher crack pressure. Exemplary crack pressures can include 0.4 psi for infusion and 3 psi for
aspiration. However, greater or lesser crack pressures for both infusion and aspiration are also
contemplated to fall within the scope of the present invention. In an embodiment, the valve
100 defines a thickness (z) extending along a longitudinal axis between a proximal face 140
and a distal face. In an embodiment, modifying a thickness (z) of the valve 100 can modify a
crack pressure of one or more slits 102, 104. For example, a relatively smaller overall thickness

(z) of the valve 100 can provide a relatively lower crack pressure.

[0045] As shown in FIG. 2B, in an embodiment, one or more of the center slit 102 or
the side slits 104 can extend through the valve 100 from the proximal face 140 to the distal face
142 parallel to the longitudinal axis. However, it will be appreciated that one of the center slit
102 or side slit 104, can also extend through the valve 100 at an angle (©) with respect to the
longitudinal axis. In an embodiment, the angle (O) of the slide slits 104A, 104B can be between
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5% and 85°. In an embodiment, the angle (©) of the slide slits 104A, 104B can be between 15°
and 35°. In an embodiment, the angle (O) of the side slits 104 can be oriented in the same
direction. In an embodiment, the angle (6) of the side slits 104 can be oriented in opposing
directions. For example, a first side slit 104A can be angled at +15° from the longitudinal axis
and a second side slit 104B can be angled at -15° from the longitudinal axis. In an embodiment,
the angle (6©) of the side slits 104 can be the same or different. Advantageously, the angle (&)
of the side slits 104 can facilitate selective actuation depending on the direction of fluid flow
through the valve. For example, the angle () of the side slits 104 can facilitate opening during
infusion while remaining closed during aspiration. In an embodiment, the slits 104A, 104B

can be angled to facilitate opening during aspiration while remaining closed during infusion.

[0046] In an embodiment, the lumen 24 of the connector 20 can be cleared by applying
a high fluid flow therethrough. More effective clearance of the connector lumen 24 can be
achieved with an increase in turbulent flow therethrough. Further, clearing the lumen 24 may
be preferably performed during infusion. Advantageously, an increased number of slits, e.g.
center slit 102 or side slits 104, can result in an increased turbulent flow and provide a more
effective clearance of the connector lumen 24 during either infusion or aspiration. Further,
slits disposed at different angles relative to either the lateral axis 106 or the longitudinal axis

can further increase turbulent flow and further improve clearance efficiency.

[0047] In an embodiment, the valve 100 can define a planar shape extending linearly
through both the lateral axis 106 and the transverse axis 108. In an embodiment, one of the
lateral axis 106 or the transverse axis 108 of the valve 100 can define a curvilinear shape that
defines a radius of curvature (), as described in more detail herein. In an embodiment, both
the lateral axis 106 and the transverse axis 108 can define a curved shape. In an embodiment,
the lateral axis 106 and the transverse axis 108 can curve in the same direction to provide a
substantially dome shaped valve 100. In an embodiment, the lateral axis 106 and the transverse
axis 108 can curve in opposite directions to provide a substantially hyperbolic shaped valve

100.

[0048] In an embodiment, as shown in FIG. 2B, the valve 100 can extend linearly
through the transverse axis 108 and, as shown in FIG. 2C, the valve can define a curved shape
through the lateral axis 106. Advantageously, the curved lateral axis 106 can bias the valve
100 to actuate at higher crack pressure during a first fluid flow direction, and a lower crack

pressure in a second direction, opposite the first. For example, as shown in FIG. 2C, the valve
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100 can be curved to provide a concave proximal face 140 and a convex distal face 142. As
such, the valve 100 can provide a relatively low infusion crack pressure and a relatively high
aspiration crack pressure. In an embodiment, the valve 100 can be curved to provide a convex
proximal face 140 and a concave distal face 142. As such, the valve 100 can provide a

relatively high infusion crack pressure and a relatively low aspiration crack pressure.

[0049] In an embodiment, the curved profile of the valve 100 can provide an increased
crack pressure while the maintenance pressure remains the same. As such, modifying the
curved profile of the valve 100 can modify the difference between the crack pressure and the
maintenance pressure, which can improve the blood hemolysis characteristics of the valve 100.
For example, a relatively high crack pressure maintains a secure seal when no flow is induced.
However, a relatively low maintenance pressure reduces the pressure drop across the valve

when a flow is induced, which in turn mitigates damage to blood cell, i.e. blood hemolysis.

[0050] In an embodiment, a radius of curvature (r) of the lateral axis 106 can be
modified to change the crack pressure of one or more of the central slit 102 or the side slits
104A, 104B. For example, as shown in FIG. 2D, a smaller radius of curvature (r7), which may
be considered a “tighter” arc, may provide a higher aspiration crack pressure of the central slit
102. By contrast, a larger radius of curvature (+2), which may be considered a “wider” arc,

provides a lower aspiration crack pressure of the central slit 102.

[0051] As shown in FIGS. 2C-2D, in an embodiment, a radius of curvature () can be
modified to change a distance of mid-point 148 from a linear axis, termed “mid-point
distance” (d). As such the radius of curvature () can be modified such that a midpoint distance
(d) varies between 0.5z and 4z, where z is the overall thickness of the valve 100. In an
embodiment, the radius of curvature () along the lateral axis 106 can be modified to provide
an aspiration crack pressure of between 1psi and 9 psi. In an embodiment, the radius of
curvature (7) along the lateral axis 106 can be modified to provide an aspiration crack pressure
of between 3 psi and 4psi. However, it will be appreciated that greater or lesser crack pressures

are also contemplated.

[0052] While a change in radius of curvature () can modify a crack pressure on the
convex side, which as shown in FIG. 2C, may be for aspiration, the change in radius of
curvature () can have a lesser effect on the crack pressure on the concave side, which as shown

in FIG. 2C may be for infusion. Advantageously, the crack pressures for either aspiration or
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infusion can be modified independently of each other depending on the direction of curve and

the radius of curvature (r) applied.

[0053] In an embodiment, valve 100 can include a curved transverse axis 108 that can
vary in radius curvature (7), as described herein. In an embodiment, the valve 100 can be
formed with a linear lateral axis 106 and a linear transverse axis 108 and then constrained to a
curved shape along either of the lateral axis 106 or transverse axis 108. In an embodiment, the
valve 100 can be formed to include a curved shape along either of the lateral axis 106 or

transverse axis 108, such that the valve maintains the curved shape in a resting state.

[0054] Advantageously, the curved profile along either the lateral axis 106 or the
transverse axis 108 provides uniform structural support across the valve 100 leading to more
precise crack pressures. This contrasts with valves that are supported by structures such as
arms, bars, posts, or the like, which provide uneven support across the valve and can affect the

crack pressure and tolerance ranges thereof.

[0055] FIGS. 3A-3B show a distal end view and a cross-sectional view along a
transverse axis 108 of an embodiment of a valve 100. In an embodiment, one of the proximal
valve face 140 or the distal valve face 142 can include various reliefs that can modify the crack
pressure of one or more of the slits 102, 104A, 104B. In an embodiment, the valve 100 can
include a recess 110 disposed about a mid-point 148. The recess 110 can encircle a portion of
one or more of the center slit 102, or the side slit(s) 104A, 104B. In an embodiment, the recess
110 can encircle the entire center slit 102. In an embodiment, the recess 110 can be disposed
on the distal surface 142 and can be configured to provide a relatively high infusion crack

pressure and a relatively low aspiration crack pressure.

[0056] As shown in FIGS. 4A-4B, in an embodiment the recess 110 can be disposed
on the proximal surface 140 and can be configured to provide a relatively high aspiration crack
pressure and a relatively low infusion crack pressure. In an embodiment, the valve can include
a first recess 110A disposed on a distal surface and a second recess 110B disposed on a
proximal surface. In an embodiment the recesses 110A, 110B can be the same. In an
embodiment the recesses 110A, 110B can be different. In an embodiment, the longitudinal
depth, the lateral axis diameter, the transverse axis diameter, or radius of curvature of either of
the recesses 110A, 110B can be varied to further modify the crack pressure of the portion of

slit, e.g. slit 102, disposed therein. In an embodiment, a difference in ratio between the portion
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of slit 102, 104 disposed within the recess compared with the portion of slit 102, 104 disposed

outside the recess can be modified to change the crack pressure of the overall slit 102, 104.

[0057] As shown in FIG. 5A, in an embodiment, the lateral axis diameter of the recess
110 can be longer than a transverse axis diameter of the recess 110 to provide an elliptical outer
perimeter of the recess 110 that substantially matches the outer perimeter of the proximal face
140 or distal face 142 of the valve 100. As shown in FIG. 5B, in an embodiment, the lateral
axis diameter of the recess 110 can be shorted than a transverse axis diameter of the recess 110
to provide an elliptical outer perimeter that is oriented at 90° relative to the outer perimeter of
the proximal face 140 or distal face 142 of the valve 100. As shown in FIG. 5C, in an
embodiment, the lateral axis diameter of the recess 110 can the same as the transverse axis
diameter of the recess 110 to provide circular outer perimeter of the recess 110. As will be
appreciated, various cross-sectional shapes of recess 110, in addition to elliptical and circular,
are also contemplated and can also be configured to modify crack pressure of a portion of a slit
disposed therein, e.g. slit 102. For example, other cross-sectional shapes of recess 110 can
include oblong, square, rectangular, hexagonal, or any closed curve regular or irregular

polygonal shape.

[0058] As shown in FIGS. 1B and 6A, in an embodiment, the valve 100 can be retained
within the connector body 22. FIG. 6A shows a cross-sectional view of the connector body 22
including the valve 100 retained therein. The connector body 22 can be formed of a proximal
housing piece 124 and a distal housing piece 126 that engage along a plane extending
perpendicular to the longitudinal axis. The proximal housing piece 124 and the distal housing
piece 126 may be assembled using a joining process such as solvent bonding, ultrasonic
welding, adhesive bonding, or the like. The proximal housing piece 124 and the distal housing

piece 126 can retain a portion of the valve 100 therebetween, for example rim 146.

[0059] Advantageously, retaining the valve 100 between the proximal housing piece
124 and the distal housing piece 126 allows for a higher precision in compression of the valve
when retained by the connector 20. Differences in valve compression can affect crack pressure
or maintenance pressure of either infusion or aspiration, tolerances thereof, or similar
specifications. As such, assembling valve 100 and connector body 20 in this manner allows
for precise performance characteristics of the valve 100, as well as consistency in valve
performance. Further, this method of manufacture also allows the valve 100 to be assembled

into the connector body 22, after the connector 20 has been molded. This mitigates damage to
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the valve 100 during manufacture, for example by eliminating the need for molding core pins

to pass through the valve 100 and cause damage.

[0060] FIGS. 6B-6D illustrate a proximal end view of a cross-section of embodiments
of the proximal housing piece 124 of FIG. 6A. As shown, a cross-sectional shape of the
connector lumen 24 can define various closed curve, regular or irregular polygonal shapes. For
example, the lumen 24 can define a substantially oval shape (FIG. 6B), a cross-shape shape
(FIG. 6C), an oblong (FIG. 6D), or the like, without limitation. It is important to note, however,
that the configuration of the lumen 24 can provide different cross-sectional surface areas. A
relatively large cross-sectional area of the lumen 24 of the proximal housing 124 (e.g. FIG. 6B)
can provide a relatively low aspiration crack pressure. By contrast, a relatively small cross-
sectional area of the lumen 24 of the proximal housing 124 (e.g. FIG. 6D) can provide a
relatively high aspiration crack pressure for the valve 100. In like manner, a cross-sectional
shape and thereby a cross-sectional area of the lumen 24 of the distal housing piece 126 can
also be modified to modify the infusion crack pressure of the valve 100. For example, a
relatively small cross-sectional area of the lumen 24 of the distal housing 126 (e.g. FIG. 6D)

can provide a relatively high infusion crack pressure for the valve 100.

[0061] In an embodiment, the cross-sectional shape can be configured to direct a fluid
flow towards a center slit 102, or a side slit 104, or combinations thereof. For example, the
cross-shaped cross-sectional area of the proximal housing 124 shown in FIG. 6C can direct an
infusion flow to the center slit 102, as well as the side slits 104A, 104B. This can cause all slits
102, 104A, 104B, to open during infusion. By contrast, the oblong shaped cross-sectional area
of the proximal housing 124 shown in FIG. 6D can direct an infusion flow to the center slit 102
only. This can cause only the center slit 102 to open during infusion. In like manner, a cross-
sectional shape of the lumen of the distal housing 126 can be similarly modified to affect slit
actuation during aspiration. These and other configurations of lumen shape of the proximal

housing are also contemplated.

[0062] Advantageously, the design of the proximal housing piece 124 and the distal
housing piece 126, can be modified to achieve a precise slit crack pressures for either infusion
or aspiration. This, together with embodiments of the valve 100 as described herein, allow the
valve 100 to be manufactured to a variety of specifications and within a precise range
tolerances. Further the design of the connector body 20 and the valve can provide a turbulent

flow through the connector lumen resulting in improved clearance characteristics. In addition,
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the design of the connector body 20 and valve 100, as described herein can provide a high crack
pressure but also a low maintenance pressure. This reduces the pressure drop across the valve
during use and can mitigate blood hemolysis. Advantageously, embodiments disclosed herein
provide valves that can be manufactured to precise specifications in crack pressure or
maintenance pressure for either infusion or aspiration. The specifications can be tuned to
mitigate blood hemolysis and improve clearance characteristics. Further, the precise valve
specifications can be easily achieved by modifying the valve 100 or the connector body
housings 124, 126, as described herein, during manufacture. This results in improved

manufacturing efficiencies and associated cost savings.

[0063] The valves disclosed herein can be molded in a single piece from an elastomeric
material. Exemplary elastomeric materials can include a silicone rubber, or similar material,
having a Shore A Durometer rating from about 30 to 60. Exemplary elastomeric materials can
also include, without limitation, polyisoprene, butyl rubber, halogenated butyl rubbers,
polybutadiene, styrene-butadiene rubber, nitrile rubber, hydrated nitrile rubbers, Therban®
elastomer, Zetpol® elastomer, chloroprene rubber, polychloroprene, neoprene, baypren, EPM
(ethylene propylene rubber), EPDM rubber (ethylene propylene diene rubber), epichlorohydrin
rubber, polyacrylic rubber, silicone rubber, fluorosilicone rubber, fluoroelastomers, Viton®
elastomer, Tecnoflon®  elastomer, Fluorel® elastomer, Dai-EI® elastomer,
perfluoroelastomers, tetrafluoro ethylene/propylene rubbers, chlorosulfonated polyethylene,
Hypalon® elastomer, ethylene-vinyl acetate, Hytrel® elastomer, Santoprene® elastomer,

polyurethane rubber, resilin, elastin, or Polysulfide rubber.

[0064] The connector housing pieces discussed herein can be molded in one or more
pieces from a substantially rigid material. Exemplary materials can include a thermoplastic
material having a Shore A Durometer rating from about 60 to 85. Further exemplary materials
can include, without limitation, poly-ethylene terephthalate, IsoPlast®, acrylonitrile butadiene
styrene, acrylic, celluloid, cellulose acetate, ethylene-vinyl acetate, ethylene vinyl alcohol,
fluoroplastics, ionomers, polyacetal, polyacrylates, polyacrylonitrile, polyamide,
polyamideimide  polyaryletherketone,  polybutadiene,  polybutylene, polybutylene
terephthalate, polyethylene terephthalate, polycyclohexylene dimethylene terephthalate,
polycarbonate, polyhydroxyalkanoates, polyketone, polyester, polyethylene,
polyetheretherketone, polyetherimide, polyethersulfone, polyethylenechlorinates, polyimide,
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polylactic acid, polymethylpentene, polyphenylene oxide, polyphenylene sulfide,
polyphthalamide, polypropylene, polystyrene, polysulfone, or polyvinyl chloride.

[0065] Any of the exemplary catheters described herein can be manufactured from any

biocompatible material suitable for placement subcutaneously into a patient.

[0066] While some particular embodiments have been disclosed herein, and while the
particular embodiments have been disclosed in some detail, it is not the intention for the
particular embodiments to limit the scope of the concepts provided herein. Additional
adaptations and/or modifications may appear to those of ordinary skill in the art, and, in broader
aspects, these adaptations and/or modifications are encompassed as well. Accordingly,
departures may be made from the particular embodiments disclosed herein without departing

from the scope of the concepts provided herein.
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CLAIMS
What is claimed is:

1. A valved connector, comprising:
a connector body defining a lumen; and
a valve configured to control a fluid flow through the lumen, the valve including
a proximal face and a distal face, one of the proximal face or the distal face
defining an oval shape, the valve defining a curved lateral axis and a linear
transverse axis, the valve including a slit extending from the proximal face

to the distal face.

2. The valved connector according to claim 1, further including a center slit and a
side slit each extending parallel to the lateral axis, the side slit disposed in an off-set relationship

along the transverse axis from the center slit.

3. The valved connector according to claim 2, wherein the side slit extends through

the valve from the proximal face to the distal face at an angle relative to a longitudinal axis.

4. The valved connector according to claim 3, wherein a first side slit is angled in
a first direction relative to the longitudinal axis and a second side slit is angled in a second

direction opposite the first direction, relative to the longitudinal axis.

5. The valved connector according to claim 2, wherein the center slit opens during

both infusion and aspiration and the side slit opens only during infusion.

6. The valved connector according to any of the preceding claims, wherein a crack

pressure of the slit is greater than a maintenance pressure of the slit.

7. The valved connector according to any of the preceding claims, wherein one of

the proximal face or the distal face of the valve includes a recess encircling a portion of the slit.

8. The valved connector according to any of the preceding claims, wherein the
connector body includes a proximal housing piece defining a first lumen and a distal housing
piece defining a second lumen, and wherein a portion of the valve is retained between the
proximal housing piece and the second housing piece to control a fluid flow between the first

lumen and the second lumen.
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9. The valved connector according to claim 8, wherein a portion of the first lumen

defines a reduced cross-sectional area to modify an aspiration crack pressure.

10. The valved connector according to claim 8, wherein a portion of the first lumen
defines one of an oval shape, an oblong shape or a cross shape to direct a fluid flow towards

the slit.

11. The valved connector according to any of the preceding claims, wherein a radius
of curvature of the lateral axis can vary between d=0.5z and d=4z, where d is a midpoint

distance from a linear axis and z is a longitudinal thickness of the valve.

12. A method of manufacturing a valved connector, comprising:

forming a proximal housing piece including a first lumen and a distal
engagement surface;

forming a distal housing piece including a second lumen and a proximal
engagement surface;

forming a valve including a proximal face and a distal face and a slit extending
therebetween, one of the proximal face or the distal face defining an oval
shape, a lateral axis of the oval shape being wider than a transverse axis of
the oval shape;

retaining the valve between the proximal housing piece and the distal housing
piece to control a fluid flow between the first lumen and the second lumen;

constraining the lateral axis of the valve to a curved shape to provide a convex
shape to the proximal face; and

attaching the distal engagement surface with the proximal engagement surface.

13.  The method according to claim 12, wherein a radius of curvature of the lateral
axis can vary between d=0.5z and d=4z, where d is a midpoint distance from a linear axis and

z is a longitudinal thickness of the valve between the proximal face and the distal face.

14.  The method according to either claim 12 or 13, wherein the valve further
includes a center slit and a side slit each extending parallel to the lateral axis and extending
from the proximal face to the distal face, the side slit disposed in an off-set relationship along

the transverse axis from the center slit.
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15. The method according to claim 14, wherein the side slit extends through the

valve from a proximal face to a distal face at an angle relative to a longitudinal axis.

16. The method according to claim 15, wherein a first side slit is angled in a first
direction relative to the longitudinal axis and a second side slit is angled in a second direction

opposite the first direction, relative to longitudinal axis.

17. The method according to claim 14, wherein the center slit opens during both

infusion and aspiration and the side slit opens only during infusion.

18.  The method according to any of claims 12-17, wherein a crack pressure of the

slit is greater than a maintenance pressure thereof.

19.  The method according to any of claims 12-18, wherein one of the proximal face

or the distal face of the valve includes a recess encircling a portion of the slit.

20. The method according to any of claims 12-19, wherein a portion of the first

lumen defines a reduced cross-sectional area to modify an aspiration crack pressure.
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