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(54) Needleless connector with flexible valve

(57) A flexible valve for a connectors is described. In
one example, a flexible valve for a connector includes a
head having a top section and a column section defining
an axial center of the head, wherein the top section in-
cludes a top planar surface that is non-perpendicular with
respect to the axial center of the column section; a pri-
mary seal portion coupled to the head; and a lower portion
coupled to the primary seal portion.
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Description

Cross-references to Related Applications

[0001] Not applicable.

BACKGROUND

Field

[0002] The present disclosure relates in general to
needleless connectors, and more particularly to, needle-
less connectors having flexible valves.

Description of the Related Art

[0003] Medical treatments often include the infusion of
a medical fluid (e.g., a saline solution or a liquid medica-
tion) to patients using an intravenous (IV) catheter that
is connected though an arrangement of flexible tubing
and fittings, commonly referred to as an "IV set," to a
source of fluid, for example, an IV bag. Certain needleless
connectors may be used in an IV set and may have a
self-sealing feature to prevent leakage of fluid from an
attached tubing when a mating medical implement is de-
coupled from such a needleless connector. Additionally,
a needleless connector may include a mechanical valve
for providing the self-sealing feature and controlling the
flow of fluid within the IV set.
[0004] Certain needleless connectors employ a flexi-
ble valve that self-seals by returning to an original position
after pressure on the flexible valve is released by a male
luer tip when removed from the needleless connector
port, for example. However, while certain valves will self-
seal along a primary seal when returning to an original
position, a portion of the flexible valve proximal to the
port opening will typically not be flush with an adjacent
surface of the port opening. Without a flush external seal
at the port opening when the needleless connector is in
a closed position, some fluid may leak from an interior
portion of the needleless connector and/or dry or harden
within a recess formed at the port opening. Moreover,
such a recess, small slit or other penetration from the
exterior surface of the port opening caused by a non-
flush external seal may trap bacteria or other contami-
nation within a portion of the needleless connector.

SUMMARY

[0005] The disclosed subject matter relates to connec-
tors having flexible valves. In certain embodiments, a
flexible valve for a connector is described that comprises
a head having a top section and a column section defining
an axial center of the head, wherein the top section in-
cludes a top planar surface that is non-perpendicular with
respect to the axial center of the column section; a pri-
mary seal portion coupled to the head; and a lower portion
coupled to the primary seal portion.

[0006] In certain embodiments, a needleless connec-
tor is described that comprises a connector housing, the
connector housing defining an internal cavity and com-
prising a port section having a top port surface and a port
channel; and a flexible valve disposed within at least a
portion of the internal cavity and movably retained within
the connector housing, the flexible valve comprising: a
head slidably engaged with the port channel of the con-
nector housing, the head comprising a top section and a
column section defining an axial center of the head,
wherein the top section includes a top planar surface that
is non-perpendicular with respect to the axial center of
the column section when the flexible valve is not disposed
within the connector housing, wherein the top planar sur-
face of the head of the flexible valve has a resulting plane
that is substantially perpendicular to the axial center of
the column section of the head when the head is engaged
with the port channel of the connector housing in a sealed
configuration
[0007] It is understood that various configurations of
the subject technology will become readily apparent to
those skilled in the art from the disclosure, wherein var-
ious configurations of the subject technology are shown
and described by way of illustration. As will be realized,
the subject technology is capable of other and different
configurations and its several details are capable of mod-
ification in various other respects, all without departing
from the scope of the subject technology. Accordingly,
the summary, drawings and detailed description are to
be regarded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are includ-
ed to provide further understanding and are incorporated
in and constitute a part of this specification, illustrate dis-
closed embodiments and together with the description
serve to explain the principles of the disclosed embodi-
ments. In the drawings:

FIGS. 1A, 1B, 1C, and 1D are cross-sectional views
illustrating valves and valves employed in connec-
tors.

FIG. 2 is a front plan view illustrating an example of
a flexible valve, in accordance with various aspects
of the present disclosure.

FIG. 3 is a cross-sectional view illustrating an exam-
ple of a flexible valve, in accordance with various
aspects of the present disclosure.

FIG. 4 is a front plan view illustrating an example of
a flexible valve, in accordance with various aspects
of the present disclosure.

FIG. 5 is a cross-sectional view illustrating an exam-
ple of a flexible valve, in accordance with various
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aspects of the present disclosure.

FIG. 6 is a partial cross-sectional view illustrating an
example of a head of a flexible valve, in accordance
with various aspects of the present disclosure.

FIG. 7 is a cross-sectional view illustrating an exam-
ple of a needleless connector assembly, in accord-
ance with various aspects of the present disclosure.

DETAILED DESCRIPTION

[0009] The detailed description set forth below is in-
tended as a description of various configurations of the
subject technology and is not intended to represent the
only configurations in which the subject technology may
be practiced. The appended drawings are incorporated
herein and constitute a part of the detailed description.
The detailed description includes specific details for the
purpose of providing a thorough understanding of the
subject technology. However, it will be apparent to those
skilled in the art that the subject technology may be prac-
ticed without these specific details. In some examples,
like components may be labeled with identical element
numbers for ease of understanding.
[0010] FIG. 1A shows a valve 10a and FIG. 1B shows
the valve 10a within a connector 11a. Valve 10a has a
solid head 22 and a shoulder 30 that may be used to form
a primary seal that blocks the fluid flow path in the con-
nector 11a. A top surface 24 of the head 22 is perpen-
dicular with respect to a longitudinal axis of the head 22
and/or valve 10a in general so that the top surface 24
may be generally flush with an edge surface 53 of a port
52 on the connector 11a. The valve 10a is formed with
a perpendicular top surface 24 to align with the edge
surface 53 of the port 52 on the connector 11a and
present a flat surface at the port 52 when the valve 10a
is in a closed position in the connector 11a. The valve
10a includes an internal air space 32 that is generally
confined by a cylindrical wall 28. The cylindrical wall 28
of the valve 10a collapses when an axial force is applied
to the perpendicular top surface 24.
[0011] As shown in FIG. 1B, the connector 11a in-
cludes valve 10a disposed within a cavity 51 of body 50.
The valve 10a has a shoulder 30 that continuously con-
tacts a ridge 54 within the cavity 51 when the connector
10a is de-activated (i.e., not connected to a mating con-
nector) to form a primary seal that blocks the fluid flow
path through the connector 11a. At the same time, the
perpendicular top surface 24 of valve 10a is positioned
generally flush with the port 52 of the cavity 51 and the
edge surface 53, and top surface 24 of valve 10a seals
the port 52. A continuous top surface (i.e., edge surface
53 and top surface 24) is intended, and typically provided
with a solid-headed valve, such that there is no slit or
penetration in the continuous top surface that may trap
bacteria or other contamination. The valve 10a has an
internal air space 32 that is separated from the cavity 51

by the cylindrical wall 28. The air space 32 is vented to
the ambient environment through air passages 56 and
the external cavity 58 within the threaded connector 38
surrounding the male luer fitting 39 of the body 50, as
indicated by the air flow path 70.
[0012] FIG. 1C shows a valve 10b and FIG. 1D shows
the valve 10b within a connector 11b. Valve 10b has a
cut 26 (e.g., a "smiley cut") formed on one side or portion
of the head 22. As with valve 10a, top surface 24 of the
head 22 of valve 10b is also perpendicular with respect
to a longitudinal axis of the head 22 and/or valve 10b in
general so that the top surface 24 may be generally flush
with an edge surface 53 of a port 52 on the connector
11b. The valve 10b is formed with a perpendicular top
surface 24 with intended to align with the edge surface
53 of the port 52 on the connector 11b and present a flat
surface at the port 52 when the valve 10b is in a closed
position in the connector 11b.
[0013] However, in some instances as shown in FIG.
1D, when the connector 10b is de-activated (i.e., not con-
nected to a mating connector) to form a primary seal that
blocks the fluid flow path through the connector 11b, the
perpendicular top surface 24 of valve 10b may not be
positioned generally flush with the port 52 of the cavity
51 and the edge surface 53. Thus, a continuous top sur-
face (i.e., edge surface 53 and top surface 24) does not
result and a recess, slit or penetration 25 in the top sur-
face of connector 11b may trap bacteria or other contam-
ination.
[0014] Flexible valves such as, but not limited to, those
in FIGS. 1A and 1C can perform multiple complex func-
tions in a needleless connector assembly. For example,
various portions of a flexible valve may be utilized for
functions and features such as, but not limited to, a seal-
ing mechanism, an actuation arm member for breaking
a seal, and/or a resilient spring member for reestablishing
a seal. Moreover, various portions of a flexible valve may
provide collapsing and canting functions and features for
facilitating fluid flow through the needleless connector.
In this regard, it is to be appreciated that a balance be-
tween rigidity for support and flexibility for movement may
be required for certain flexible valves and needleless con-
nectors.
[0015] It is to be further appreciated that with smaller
needleless connectors and correspondingly smaller flex-
ible valves, the competing needs for both rigidity and flex-
ibility becomes more difficult to balance. Moreover, it is
desirable for some needleless connector applications to
ensure that there is a flush seal between an exterior-
facing portion of the flexible valve and the needleless
connector housing at a port of the needleless connector.
Without such a flush external seal of the flexible valve
and needleless connector housing, some fluid may leak
from an interior portion of the needleless connector and
harden within a recess formed in the port between the
valve and the connector housing (e.g., as described
above and illustrated in FIG. 1D). Such a recess, small
slit or other penetration at the exterior surface of the port
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may trap bacteria or other contamination within the
needleless connector assembly.
[0016] FIGS. 2 and 3 illustrate in isolation an exemplary
flexible valve constructed in accordance with embodi-
ments of the present disclosure. Such a valve is used in
needleless connectors constructed in accordance with
embodiments of the present disclosure. Flexible valve
100 comprises a head 110, a primary seal portion 120,
and a lower portion 130. The head 110 has a column
section 118 defining an axial center 101 of the flexible
valve 100. Axial center 101 extends longitudinally
through the head 110 of the flexible valve 100. However,
in certain embodiments, the lower portion of the flexible
valve 100 does not have the same axial center as the
head or other portions of the flexible valve 100. For ex-
ample, the lower portion of the flexible valve 100 will have
no axial center when the lower portion comprises a re-
silient S-shaped shaft member in certain embodiments.
[0017] The head 110 comprises a top section 112 that
includes a top surface 116. The top surface 116 has a
non-perpendicular plane angle with respect to the axial
center 101 of the column section 118. In this regard, the
top section 112 of the head 110 is asymmetrical such
that the plane of the top surface 116 is at a non-perpen-
dicular angle (α) with respect to the axial center 101 in
a resting or unutilized state (i.e., prior to construction of
the needleless connecter when the flexible valve 100 has
not been inserted into a needleless connector housing).
The non-perpendicular plane angle (α) is between ap-
proximately 1° to approximately 30°. In certain embodi-
ments, the non-perpendicular plane angle (α) is approx-
imately 3°.
[0018] The head 110 of FIGS. 2 and 3 comprises at
least one notch 114 disposed along the exterior of the
column section 118. The column section 118 of the em-
bodiments of FIGS. 2 and 3 has a generally solid cylin-
drical section. As can be seen with respect to the longi-
tudinal cross-sectional view of FIG. 3, the at least one
notch 114 comprises an arcuate-shaped recess within
the column section 118. However, it is to be appreciated
that the implementations of the notch 114 may comprise
a variety of shapes and sizes, such as, but not limited to,
notches having triangular or various geometric cross-
sections.
[0019] In certain embodiments, the head of the flexible
valve does not include a notch, but rather has a discon-
tinuity segment disposed on the column section. For ex-
ample, one side or a portion of one side of the column
section may be comprised of a different material (or a
same material with a different hardness value) than the
remainder of the column section. Additionally, one side
or a portion of one side of the column section may be
hollow, while the other side or portion of the remainder
of the column section may be solid. Thus, an effective
change in the resiliency with respect to the movement of
the head (similar to that of a removed or extracted volume
of a notch) may result.
[0020] Referring again to FIGS. 2 and 3, the primary

seal portion 120 includes a cross-section area greater
than a cross-section area of the column section of the
head 110. For example, the primary seal portion 120
comprises a frustoconical surface 122 for engaging with
an internal sealing edge of a connector housing. The frus-
toconical shape of the primary seal portion 120 is con-
figured such that a first cross-sectional area of the pri-
mary seal portion 120 proximal the head 110 is smaller
than a second cross-sectional area of the primary seal
portion 120 distal the head 110. In other words, the pri-
mary seal portion 120 is narrower towards the head 110
and wider towards the lower portion 130
[0021] Lower portion 130 comprises an elongated tu-
bular member 131 having a closed end 136 proximal the
primary seal portion 120 and an open end 138 distal the
primary seal portion 120. A wall 132 of the lower portion
130 may define, in part, an interior air space 134 of the
flexible valve 100. According to some aspects, the flex-
ible valve 100 is collapsible in operation with a needleless
connector assembly.
[0022] In this regard, the lower portion 130 comprises
various dimples and/or incisions to facilitate proper col-
lapsing functionality in accordance with different embod-
iments of the present disclosure. Moreover, while the
head 110 of the valve 110 may comprise generally cy-
lindrical properties allowing it to operate with a male luer-
tapered tip of a medical implement or similar intercon-
nection device, the lower portion 130 may comprise a
plurality of shapes, sizes, and characteristics associated
with the functionality and operation of the flexible valve
in conjunction with the needleless connector apparatus
in which it is used. In some aspects, when the lower por-
tion 130 comprises a tubular section 131, this section
131 may comprise a plurality tubular shapes, such as,
but not limited to, cylindrical, rectangular, hexagonal, tu-
bular shapes.
[0023] FIGS. 4 and 5 illustrate a flexible valve 200 con-
structed in accordance with other embodiments of the
present disclosure. These embodiments are the same
as those shown in FIGS. 2 and 3, except that notches
214a and 214b, respectively, are provided in the head
210.
[0024] As can be seen with respect to the longitudinal
cross-sectional view of FIG. 5, a first notch 214a and a
second notch 214b each comprises an arcuate-shaped
recess from the column section 218 in accordance with
certain embodiments. As discussed above with respect
to the flexible valve 100, implementations of the notch
may comprise a variety of shapes and sizes, such as,
but not limited to, those having triangular or various ge-
ometric cross-sections.
[0025] In an aspect, the head of the flexible valve may
not include first and second notches (or any plurality of
notches), but rather have first and second discontinuity
segments disposed on the column section. Thus, a
change in the resiliency that affects the movement of the
head can result.
[0026] Referring to FIG. 6, a partial and enlarged cross-
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sectional view of the head 210 of flexible valve 200 is
shown. In certain embodiments, a non-perpendicular
plane 303 of the top surface 216 has a non-perpendicular
plane angle (α). In some embodiments, the top section
112 of the head 210 also includes a circumferential lip
215 or similar protrusion therearound for slidably and
sealably engaging with a port channel (see, e.g., port
channel 456 FIG. 7) of a needleless connector housing.
In an aspect, a perpendicular cross-section 301 of the
top portion 212 may be defined at an intersection point
of the axial center 201 with the top surface 216. Thus, a
portion 313 of the top surface 212 may be defined as
being above the perpendicular cross-section 301 of the
head 210, and a portion 315 of the top surface 212 may
be defined as being below the perpendicular cross-sec-
tion 301. The perpendicular cross-section 301 may be
used as a reference plane and is perpendicular with re-
spect to the axial center 201 of the column section 218.
[0027] In certain embodiments, the first notch 214a has
a greater volume 323a than the second notch 214b. As
shown in the cross-sectional view of FIG. 6, the volume
323b of the second notch 214b is less than the volume
323a of the first notch 214a. Thus, a non-perpendicular
plane 303 may be defined such that the portion 313 of
the top surface 212 above a perpendicular cross-section
301 is disposed above the first notch 214a.
[0028] In an aspect, the first notch 214a may have a
top edge 334a closer to a bottom edge 213 of the top
section 212 (or farther 337 from the primary seal portion
220), than the second notch 214b. As shown in the cross-
sectional view of FIG. 6, a distance 335 between the top
edge 334b of the second notch 214b is farther from the
bottom edge 213 of the top section 212 (or closer 339 to
the primary seal portion 220) than the distance 333 of
the first notch 214a. Thus, the non-perpendicular plane
303 may be defined such that a portion 313 of the top
surface 212 above a perpendicular cross-section 301 is
disposed above the first notch 214a.
[0029] Still referring to FIG. 6, in an aspect, the first
notch 214a may extend closer to the axial center 201
(with reference to the deepest point of the first notch 214a
into the column section 218) than the second notch 214b.
As shown in the cross-sectional view of FIG. 6, a distance
345 between the deepest point of the second notch 214b
and the axial center 201 is farther than a distance 343
between the deepest point of the first notch 214a and the
axial center 201. Thus, the non-perpendicular plane 303
may be defined such that a portion 313 of the top surface
212 above a perpendicular cross-section 301 is disposed
above the first notch 214a.
[0030] It is to be understood that while the first notch
214a and second notch 214b are shown generally oppo-
site each other on the column section 218, other arrange-
ments of the at least one notch on the column section,
including three or more notches, are contemplated.
[0031] Embodiments of the flexible valve 100, 200 may
comprise any of the various materials used for producing
mechanical valves for needleless connectors and other

medical implements. In some implementations, the head
110, 210 may comprise of an elastomeric material, such
as but not limited to, a silicone compound. Moreover, the
primary seal portion 120, 220 and lower portion 130, 230
may comprise an elastomeric material. For example, in
some implementations, the head 110, 210 and primary
seal portion 120, 220 may have a durometer value of
approximately 70 on a Shore A hardness scale. In certain
implementations, all or some of the flexible valve may be
comprised of liquid silicone rubbers of the Wacker ELAS-
TOSIL® LR 3003 Series having a Shore A hardness du-
rometer value of 70.
[0032] Additionally, according to certain embodiments,
the elastomeric material of the head may have a higher
durometer value than the elastomeric material of the low-
er portion. For example, the collapsing functionality of
the lower portion associated with facilitating a fluid flow
path in the needleless connector may benefit from a more
pliable material or composition attributes for operation,
whereas the head and primary seal portion may require
a more rigid construction for disengaging the primary
seal.
[0033] FIG. 7 illustrates an example of a needleless
connector assembly comprising a flexible valve 200, al-
though flexible valve 100 can be substituted for flexible
valve 200 in certain embodiments. Needleless connector
assembly 400 comprises a connector housing 440 and
the flexible valve 200, for example. The connector hous-
ing 440 defines an internal cavity 442 and comprises a
port section 452 having a top port surface 454 and a port
channel 456. The connector housing 440 also comprises
an internal sealing edge 454.
[0034] The flexible valve 200 is disposed within at least
a portion of the internal cavity 442 and is movably re-
tained within the connector housing 440. In this regard,
the internal sealing edge 454 is configured such that the
flexible valve 200 is movable to facilitate fluid flow (e.g.,
inserting a male luer-tapered tip of a medical implement
into the port channel 456), but will spring back and en-
gage with the internal sealing edge 454. The flexible valve
200 is retained within the connector housing 440 at least
in part by the internal sealing edge 454.
[0035] The head 210 of the flexible valve 200 is slidably
engaged with the port channel 456 of the connector hous-
ing 440, and the primary seal portion 220 is removably
engaged with the internal sealing edge 454 of the con-
nector housing 440.
[0036] In certain embodiments, the top surface 216’ of
the head 210 of the flexible valve 200 has a resulting
plane that is substantially perpendicular to the axial cent-
er of the column section 218 of the head 210 when the
head 210 is engaged with the port channel 456 of the
connector housing 440 in a sealed configuration.
[0037] Still referring to FIG. 7, the needleless connec-
tor 400 may be in a sealed configuration (or closed state)
when a primary seal is formed by contact between the
primary seal portion 220 of the flexible valve 200 and the
internal sealing edge 454 of the connector housing 440.
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In the sealed configuration, the port channel 456 of
needleless connector 400 is not in receipt of a male luer-
tapered tip or other medical implement for fluid engage-
ment therewith. The needleless connector 400 may be
changed to an unsealed configuration (or opened state)
when the primary seal between the internal sealing edge
454 of the connector housing 440 and the primary seal
portion 220 of the flexible valve 200 is temporarily broken
or separated when a male luer-tapered tip or other med-
ical implement is inserted into the port channel 456 of
the connector housing 440.
[0038] In certain embodiments, the top surface 216’ of
the head 210 of the flexible valve 200 is substantially
flush with the top port surface 453 of the connector hous-
ing 440 when the head 210 is engaged with the port chan-
nel 456 of the connector housing 440 in the sealed con-
figuration.
[0039] In operation, an air passage channel 472 may
facilitate an air flow path 474 from an internal air space
of the flexible valve 200 and an interconnected device.
Connector housing 440 may further comprise a male lu-
er-taper fitting 482 and threaded connector 484 for med-
ical device implement interconnection. A fluid pathway
may be provided through the male luer-taper fitting 482
of the needleless connector 400.
[0040] Unless specifically stated otherwise, the term
"some" refers to one or more. Pronouns in the masculine
(e.g., his) include the feminine and neuter gender (e.g.,
her and its) and vice versa. Headings and subheadings,
if any, are used for convenience only and do not limit the
invention.
[0041] The word "exemplary" is used herein to mean
"serving as an example or illustration." Any aspect or de-
sign described herein as "exemplary" is not necessarily
to be construed as preferred or advantageous over other
aspects or designs. In one aspect, various alternative
configurations and operations described herein may be
considered to be at least equivalent.
[0042] A phrase such as an "aspect" does not imply
that such aspect is essential to the subject technology or
that such aspect applies to all configurations of the sub-
ject technology. A disclosure relating to an aspect may
apply to all configurations, or one or more configurations.
An aspect may provide one or more examples. A phrase
such as an aspect may refer to one or more aspects and
vice versa. A phrase such as an "embodiment" does not
imply that such embodiment is essential to the subject
technology or that such embodiment applies to all con-
figurations of the subject technology. A disclosure relat-
ing to an embodiment may apply to all embodiments, or
one or more embodiments. An embodiment may provide
one or more examples. A phrase such an embodiment
may refer to one or more embodiments and vice versa.
A phrase such as a "configuration" does not imply that
such configuration is essential to the subject technology
or that such configuration applies to all configurations of
the subject technology. A disclosure relating to a config-
uration may apply to all configurations, or one or more

configurations. A configuration may provide one or more
examples. A phrase such a configuration may refer to
one or more configurations and vice versa.
[0043] In one aspect, unless otherwise stated, all
measurements, values, ratings, positions, magnitudes,
sizes, and other specifications that are set forth in this
specification, including in the claims that follow, are ap-
proximate, not exact. In one aspect, they are intended to
have a reasonable range that is consistent with the func-
tions to which they relate and with what is customary in
the art to which they pertain.
[0044] In one aspect, the term "coupled" or the like may
refer to being directly coupled. For example, in some as-
pects, certain elements of the flexible valve when coupled
may be fixably attached. Similarly, in some aspects, cer-
tain elements of the connector housing when coupled
may be fixably attached. In another aspect, the term "cou-
pled" or the like may refer to being indirectly coupled.
[0045] Terms such as "top," "bottom," "front," "rear"
and the like if used in this disclosure should be under-
stood as referring to an arbitrary frame of reference, rath-
er than to the ordinary gravitational frame of reference.
Thus, a top surface, a bottom surface, a front surface,
and a rear surface may extend upwardly, downwardly,
diagonally, or horizontally in a gravitational frame of ref-
erence.
[0046] Various items may be arranged differently (e.g.,
arranged in a different order, or partitioned in a different
way) all without departing from the scope of the subject
technology.
[0047] The disclosure is provided to enable any person
skilled in the art to practice the various aspects described
herein. The disclosure provides various examples of the
subject technology, and the subject technology is not lim-
ited to these examples. Various modifications to these
aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other aspects.
[0048] All structural and functional equivalents to the
elements of the various aspects described throughout
this disclosure that are known or later come to be known
to those of ordinary skill in the art are expressly incorpo-
rated herein by reference and are intended to be encom-
passed by the claims. Moreover, nothing disclosed here-
in is intended to be dedicated to the public regardless of
whether such disclosure is explicitly recited in the claims.
No claim element is to be construed under the provisions
of 35 U.S.C. § 112, sixth paragraph, unless the element
is expressly recited using the phrase "means for" or, in
the case of a method claim, the element is recited using
the phrase "step for." Furthermore, to the extent that the
term "include," "have," or the like is used, such term is
intended to be inclusive in a manner similar to the term
"comprise" as "comprise" is interpreted when employed
as a transitional word in a claim.
[0049] The Title, Background, Summary, Brief De-
scription of the Drawings and Abstract of the disclosure
are hereby incorporated into the disclosure and are pro-
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vided as illustrative examples of the disclosure, not as
restrictive descriptions. It is submitted with the under-
standing that they will not be used to limit the scope or
meaning of the claims. In addition, in the Detailed De-
scription, it can be seen that the description provides il-
lustrative examples and the various features are grouped
together in various embodiments for the purpose of
streamlining the disclosure. This method of disclosure is
not to be interpreted as reflecting an intention that the
claimed subject matter requires more features than are
expressly recited in each claim. Rather, as the following
claims reflect, inventive subject matter lies in less than
all features of a single disclosed configuration or opera-
tion. The following claims are hereby incorporated into
the Detailed Description, with each claim standing on its
own as a separately claimed subject matter.
[0050] The claims are not intended to be limited to the
aspects described herein, but is to be accorded the full
scope consistent with the language claims and to encom-
pass all legal equivalents. Notwithstanding, none of the
claims are intended to embrace subject matter that fails
to satisfy the requirement of 35 U.S.C. § 101, 102, or
103, nor should they be interpreted in such a way.
[0051] In the following clauses are described.

1. A flexible valve for a connector, comprising:

a head having a top section and a column sec-
tion defining an axial center of the head, wherein
the top section includes a top planar surface that
is non-perpendicular with respect to the axial
center of the column section;
a primary seal portion coupled to the head; and
a lower portion coupled to the primary seal por-
tion.

2. The flexible valve of clause 1, wherein the head
further comprises at least one discontinuity segment
disposed on the column section, and wherein a non-
perpendicular angle of the top planar surface is de-
fined based on an attribute of the at least one dis-
continuity segment.

3. The flexible valve of one of the previous clauses,
wherein the head further comprises at least one
notch disposed on the column section, and wherein
a non-perpendicular angle of the top planar surface
is defined such that a portion of the top planar surface
above a perpendicular cross-section is disposed
above the at least one notch.

4. The flexible valve of clause 3, wherein the at least
one notch comprises a first notch and a second
notch.

5. The flexible valve of clause 4, wherein the first
notch has a greater recess volume from the column
section than the second notch, and wherein the non-

perpendicular angle is defined such that a portion of
the top planar surface above a perpendicular cross-
section is disposed above the first notch.

6. The flexible valve of one of clauses 4 or 5, wherein
the first notch has a top edge closer to the top section
than a top edge of the second notch, and wherein
the non-perpendicular angle of the top planar surface
is defined such that a portion of the top planar surface
above a perpendicular cross-section is disposed
above the first notch.

7. The flexible valve of clause 4 to 6, wherein the
first notch extends closer to the axial center than the
second notch, and wherein the non-perpendicular
angle of the top planar surface is defined such that
a portion of the top planar surface above a perpen-
dicular cross-section is disposed above the first
notch.

8. The flexible valve of one of the previous clauses,
wherein a non-perpendicular angle of the top planar
surface is defined such that a resulting plane of the
top planar surface is substantially perpendicular to
the axial center when the head is engaged with a
port channel of a connector housing in a sealed con-
figuration.

9. The flexible valve of clause of one of the previous
clauses, wherein the head comprises an elastomeric
material.

10. The flexible valve of clause 9, wherein the elas-
tomeric material of the head comprises a silicone
compound.

11. The flexible valve of clause 9 or 10, wherein the
primary seal portion and lower portion comprise an
elastomeric material.

12. The flexible valve of clause 11, wherein the elas-
tomeric material of the head has a higher durometer
value than the elastomeric material of the lower por-
tion.

13. The flexible valve of one of the previous clauses,
wherein the primary seal portion includes a cross-
section area greater than a cross-section area of the
column section of the head.

14. The flexible valve of one of the previous clauses,
wherein the lower portion comprises an elongated
tubular member having a closed end proximal to the
primary seal portion and an open end distal to the
primary seal portion.

15. A needleless connector assembly comprising:
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a connector housing, the connector housing de-
fining an internal cavity and comprising a port
section having a top port surface and a port
channel; and
a flexible valve disposed within at least a portion
of the internal cavity and movably retained within
the connector housing, the flexible valve com-
prising:

a head slidably engaged with the port chan-
nel of the connector housing, the head com-
prising a top section and a column section
defining an axial center of the head, wherein
the top section includes a top planar surface
that is non-perpendicular with respect to the
axial center of the column section when the
flexible valve is not disposed within the con-
nector housing,

wherein the top planar surface of the head of
the flexible valve has a resulting plane that is
substantially perpendicular to the axial center of
the column section of the head when the head
is engaged with the port channel of the connec-
tor housing in a sealed configuration.

16. The needleless connector assembly of clause
15, wherein the top planar surface of the head of the
flexible valve is substantially flush with the top port
surface of the connector housing when the head is
engaged with the port channel of the connector hous-
ing in the sealed configuration.

17. The needleless connector assembly of clause
15 or 16, wherein the flexible valve further compris-
es:

a primary seal portion removably engaged with
an internal sealing edge of the connector hous-
ing, the primary seal portion being coupled to
the head; and
a lower portion, the lower portion being coupled
to the primary seal portion.

Claims

1. A flexible valve for a connector, comprising:

a head having a top section and a column sec-
tion defining an axial center of the head, wherein
the top section includes a top planar surface that
is non-perpendicular with respect to the axial
center of the column section;
a primary seal portion coupled to the head; and
a lower portion coupled to the primary seal por-
tion.

2. The flexible valve of claim 1, wherein the head further
comprises at least one discontinuity segment dis-
posed on the column section, and wherein a non-
perpendicular angle of the top planar surface is de-
fined based on an attribute of the at least one dis-
continuity segment.

3. The flexible valve of claim 1, wherein the head further
comprises at least one notch disposed on the column
section, and wherein a non-perpendicular angle of
the top planar surface is defined such that a portion
of the top planar surface above a perpendicular
cross-section is disposed above the at least one
notch.

4. The flexible valve of claim 3, wherein the at least one
notch comprises a first notch and a second notch.

5. The flexible valve of claim 4, wherein the first notch
has a greater recess volume from the column section
than the second notch, and wherein the non-perpen-
dicular angle is defined such that a portion of the top
planar surface above a perpendicular cross-section
is disposed above the first notch.

6. The flexible valve of claim 4, wherein the first notch
has a top edge closer to the top section than a top
edge of the second notch, and wherein the non-per-
pendicular angle of the top planar surface is defined
such that a portion of the top planar surface above
a perpendicular cross-section is disposed above the
first notch.

7. The flexible valve of claim 4, wherein the first notch
extends closer to the axial center than the second
notch, and wherein the non-perpendicular angle of
the top planar surface is defined such that a portion
of the top planar surface above a perpendicular
cross-section is disposed above the first notch.

8. The flexible valve of claim 1, wherein a non-perpen-
dicular angle of the top planar surface is defined such
that a resulting plane of the top planar surface is
substantially perpendicular to the axial center when
the head is engaged with a port channel of a con-
nector housing in a sealed configuration.

9. The flexible valve of claim 1, wherein the head com-
prises an elastomeric material.

10. The flexible valve of claim 9, wherein the elastomeric
material of the head comprises a silicone compound.

11. The flexible valve of claim 9, wherein the primary
seal portion and lower portion comprise an elasto-
meric material.

12. The flexible valve of claim 11, wherein the elasto-
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meric material of the head has a higher durometer
value than the elastomeric material of the lower por-
tion.

13. The flexible valve of claim 1, wherein the primary
seal portion includes a cross-section area greater
than a cross-section area of the column section of
the head.

14. The flexible valve of claim 1, wherein the lower por-
tion comprises an elongated tubular member having
a closed end proximal to the primary seal portion and
an open end distal to the primary seal portion.

15. A needleless connector assembly comprising:

a connector housing, the connector housing de-
fining an internal cavity and comprising a port
section having a top port surface and a port
channel; and
a flexible valve disposed within at least a portion
of the internal cavity and movably retained within
the connector housing, the flexible valve com-
prising:

a head slidably engaged with the port chan-
nel of the connector housing, the head com-
prising a top section and a column section
defining an axial center of the head, wherein
the top section includes a top planar surface
that is non-perpendicular with respect to the
axial center of the column section when the
flexible valve is not disposed within the con-
nector housing,

wherein the top planar surface of the head of
the flexible valve has a resulting plane that is
substantially perpendicular to the axial center of
the column section of the head when the head
is engaged with the port channel of the connec-
tor housing in a sealed configuration.
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