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(54) Title: MEDICAL CONNECTOR

(57) Abstract: A medical connector for use in a fluid pathway includes a
housing configured to permit fluid flow between a first medical device and
a second device or location. The medical connector includes a valve mem-
ber configured to be positioned at least partially within the housing. The

FlG. 1

valve member is configured to receive the first medical device. The valve
member can be moved into a second state. The connector can be adapted
for use with a catheter assembly.
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MEDICAL CONNECTOR

[0001] U.S. Provisional Patent Application No. 61/798447, filed March 15,
2013, and entitled “MEDICAL CONNECTOR,” and U.S. Provisional Patent Application
No. 61/725427, filed November 12, 2012, and entitled “HIGH FLOW RATE MEDICAL
CONNECTOR” are hereby incorporated by reference herein and made a part of this
disclosure.

[0002] The present disclosure relates in general to the field of medical
connectors, and in particular to needleless medical connectors.

[0003] The manipulation of fluids in hospitals and medical settings routinely
involves the use of connectors for selectively facilitating the movement of fluids to or from
patients. Needleless connectors are typically structured so that a medical implement
without a needle can be selectively connected to such a connector for providing fluid flow
between a patient and a fluid source or receptacle. When the medical implement is
removed, the connector closes, effectively sealing the connection to the patient without
requiring multiple injections to the patient and without exposing health care professionals
to the risk of inadvertent needle sticks. The medical implement used with the connector
may be a tube or other medical device such as a conduit, syringe, IV set (both peripheral
and central lines), piggyback line, or similar component which is adapted for connection to
the medical valve.

[0004] Such connectors have various limitations and disadvantages, however,
and a need exists for further improvement.

[0005] In addition, access to a patient’s vasculature with a catheter designed to
remain in the vasculature for a period of time often requires an introducer which is
removed post-insertion into the vasculature. Catheter hubs may have internal valves that
can have compression set where an introducer remains in the valve for an extended period
of time prior to removal of the introducer. A need exists for improvement of such
catheters.

[0006] According to the present invention, there is provided a medical
connector for permitting fluid flow between a first medical device and a second medical

device, the medical connector comprising: an upper housing comprising an upper end



03 Jul 2018

2013342123

Calnterwoven'NRPortbIDCC\PLW\L 6930994 _1.docx-3/07:2018

configured to receive a first medical device and at least two downward projections
centered about a central longitudinal axis of the upper housing, the at least two downward
projections each having a first angular width at a base and alignment surfaces that each
extend from a side edge of the downward projection to an edge at a lower tip of the
projection; a seal element fixed to the upper housing; and a lower housing comprising a
lower end configured to receive a second medical device, at least two upward projections
centered around a central longitudinal axis of the lower housing, each upward projection
having two alignment surfaces that each extend from a side edge of the upward projection
to an edge at an upper tip of each projection, and at least two gaps having a second angular
width and bounded on either side by adjacent upward projections; wherein the upper and
lower housings are configured to be joined together, each downward projection configured
to fit within one of the at least two gaps, and wherein the alignment surfaces of the
downward and upward projections comprise matching helical surfaces.

[0007] In some embodiments the first angular width and second angular width
are sized such that each of the downward projections fits flush within one of the at least
two gaps. In some embodiments, the alignment surfaces of the downward projections and
the alignment surfaces of the upward projections are configured such that if the upper and
lower housings are misaligned when joined together the alignment surfaces will cause the
upper and lower housings to rotate relative to each other until each of the downward
projections is aligned with one of the at least two gaps. In some embodiments, the at least
two upward projections each comprise an opening passing through the projection. In some
embodiments, the seal element includes a central body and two shoulders extending
outward from the central body on opposite sides thereof, the shoulders oriented such that
when the upper and lower housings are joined each shoulder is aligned with the opening of
one of the at least two upward projections.

[0008] Also disclosed is a medical connector for permitting fluid flow between
a first medical device and a second medical device, the medical connector comprising: a
housing comprising an upper end configured to receive a first medical device and a lower
end configured to receive a second medical device; a cannula extending from the lower
end of the housing to a position within an interior space of the housing; and a valve

member attached to the upper end of the housing and positioned at least partially within an
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interior space of the housing, the valve member comprising a slit on a top surface thereof
that extends into an interior cavity of the valve member, and an opening to the interior
cavity at a bottom surface of the valve member, the valve member having a first state in
which the opening of the valve member and the cannula define a gap between them such
that the interior cavity of the valve member is in fluid communication with the interior
space of the housing and a second state in which the opening to the interior cavity is
positioned around a first portion of the cannula such that the interior cavity of the valve
member is sealed from the interior space of the housing.

[0009] In some embodiments, the valve member is molded with the housing
such that it is unable to rotate relative to the housing. In some embodiments, the valve
member has a central body and two shoulders extending outward from the central body,
each shoulder positioned within a corresponding recess within an interior of the housing
when the valve member is in the second state, an upper surface of each recess contacting
the corresponding shoulder and preventing the valve member from returning to the first
state. In some embodiments, the valve member has a domed top when the valve is in the
first state and a substantially flat top when the valve is in the second state. The
substantially flat top of the valve in the second state can be substantially flush with an
upper surface of the housing. In some embodiments, when a first medical device is
attached to the upper end of the housing, the opening extends to a position farther down the
cannula.

[0010] In some embodiments, the upper end of the housing has an upward
facing ledge and the valve member has a lip, wherein at least a portion of the lip seats on
the ledge. In some embodiments, the valve member has a rigid annular insert positioned at
least partially within the lip. In some embodiments, the upward facing ledge is a first
ledge and the lip is a first lip, the housing further includes an upper ledge above the first
ledge and the valve member further includes an upper lip above and extending past the first
lip, and at least of portion of the upper lip seats on the upper ledge.

[0011] Also disclosed is a medical connector for permitting fluid flow between
a first medical device and a second medical device, the medical connector comprising: a
housing comprising an upper end configured to receive a first medical device and a lower

end configured to receive a second medical device; a valve member attached to the upper
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end of the housing and positioned at least partially within an interior space of the housing,
the valve member comprising a central body and at least two shoulders extending from the
central body on opposite sides thereof; and at least two recessed areas within the housing;
wherein the valve member has a first state in which the at least two shoulders are each
positioned above a respective one of the at least two recessed areas, and a second state in
which each shoulder is within the respective one of the at least two recessed areas.

[0012] Disclosed herein is a medical connector for permitting fluid flow
between a first medical device and a second medical device can include a housing having
an upper end configured to receive a first medical device and a lower end configured to
receive a second medical device; a cannula comprising a lower section with a lower tip and
an upper section with an upper tip, the cannula having a variable inner diameter and
extending from the lower end of the housing to a position within an interior space of the
housing; and a valve member positioned at least partially within an interior space of the
housing, the valve member comprising an internal cavity, a top surface, a bottom surface, a
slit connecting the top surface and the internal cavity, and an opening on the bottom
surface in communication with the internal cavity, the opening positionable around the
upper tip of the cannula to create a flow path from the top surface of the valve member to
the lower end of the cannula. The inner diameter of the cannula varies between the lower
end and the upper section and is constant along the length of the upper section.

[0013] The inner diameter of the cannula can decrease from the lower tip to the
upper section. In some embodiments, it can decrease at a constant rate from the lower tip
to the upper section.

[0014] In some embodiments, the housing can include a first housing attached
to a second housing, the first housing configured to receive the first medical device and the
second housing configured to receive the second medical device. In some embodiments, a
gap can exist between the first housing and the second housing, and the gap can be fluidly
connected to the interior space to serve as a vent between the interior space and the space
outside the first and second housings.

[0015] In some embodiments, the housing defines the at least two recessed
areas. In some embodiments, an upper surface of each of the at least two recessed areas

contacts a respective upper surface of a respective one of the at least two shoulders,
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preventing the at least two shoulders from returning to the first state. In some
embodiments, when a first medical device is attached to the upper end of the housing, each
shoulder is removed from contact with an upper surface of the corresponding recess. In
some embodiments, the valve member has a domed top when the valve is in the first state
and a substantially flat top when the valve member is in the second state.

[0016] Disclosed herein is a method of manufacturing a medical connector with
a multistep injection molding process can include injection molding a first part of the
medical connector around a first sleeve, a second sleeve, and a core pin, the first part
formed of a first material; injection molding a second part of the medical connector around
the core pin and at least partially within the first sleeve and the second sleeve, the second
part formed of a second material; withdrawing the core pin from within the second part;
withdrawing the second sleeve from around the second part; withdrawing the first sleeve
from around the second part; and removing the first part and the second part.

[0017] In some embodiments, the first sleeve at least partially surrounds the
second sleeve when the second part is molded. In some embodiments, the core pin and the
second sleeve can be withdrawn simultaneously. In some embodiments, the first material is
different from the second material. In some embodiments, the core pin can extend past the
first sleeve and the second sleeve prior to withdrawing the core pin. In some
embodiments, the first part can extend past the first sleeve and the second sleeve. In some
embodiments, withdrawing the first sleeve includes moving a section of the first sleeve
with an internal width past a section of the second part with an exterior width, wherein the
exterior width is greater than the internal width.

[0018] In some embodiments, an introducer catheter includes a proximal end
comprising a housing with a selectively closed end, such proximal end being configured to
transition from a first arrangement to a second arrangement wherein the selectively closed
end is able to resist greater fluid pressure in the second arrangement. In some
embodiments, the selectively closed end includes an introducer element extending
therethrough and the selectively closed end is configured to resist compression set around
such introducer element.

[0019] Some embodiments provide a method of accessing the vasculature of a

patient including the steps of inserting an introducer element surrounded at least in part by
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a catheter; withdrawing the introducer element from the vasculature while leaving the
catheter therein; transitioning a proximal end portion of the catheter from a first
arrangement to a second arrangement, in which the proximal end portion in the second
arrangement is configured to resist a higher level of fluid flow pressure than in the first
arrangement. In some embodiments, the transition from the first arrangement to the
second arrangement occurs during the removal of the insertion element. In some
embodiments, the transition requires manipulation of a housing portion at the proximal end
portion. In some embodiments, the proximal end portion includes a resilient sealing
element disposed at least partially outside the proximal end portion.

[0020] In some embodiments, an introducer catheter includes a proximal end
comprising a housing with a selectively closed end, such proximal end being configured to
transition from a first arrangement to a second arrangement wherein the selectively closed
end is able to resist greater fluid pressure in the second arrangement. In some
embodiments, the selectively closed end includes an introducer element extending
therethrough and the selectively closed end is configured to resist compression set around
such introducer element.

[0021] Disclosed herein is a catheter assembly for insertion of a catheter into a
patient can include a catheter hub having a housing with an upper end and a lower end, a
valve member positioned at least partially within the housing, the valve member having a
top surface, a central body defining an internal cavity, and a slit extending from the top
surface to the internal cavity, the valve member configured to transition from a first state in
which the valve member has a first length to a second state in which the valve member has
a second length, the second length greater than the first length. The catheter assembly can
also include a catheter connected to the catheter hub and extending from the lower end of
the catheter hub, the catheter in fluid communication with the internal cavity of the valve
member. In some embodiments, a needle can extend at least partially through the catheter
hub and at least partially through the catheter, the needle having a distal end below the
lower end of the catheter hub housing and a proximal end, the needle configured to
transition from a non-insertion position to an insertion position. In some embodiments, a

needle hub can be attached to the proximal end of the needle. In some embodiments,
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moving the needle from the non-insertion position to the insertion position transitions the
valve member from the first state to the second state.

[0022] In some embodiments, the first and second lengths of the valve member
can be measured from a bottom surface to the top surface of the valve member, and the
second length can be between approximately 1.1 and 1.3 times the first length. In some
embodiments, the first and second lengths can be measured from the bottom surface to an
uppermost point of the top surface.

[0023] In some embodiments, the proximal end of the needle can be above the
upper end of the catheter hub housing. In some embodiments, the valve member can
include at least two shoulders and the housing can define at least two recessed areas, each
recessed area aligned with a respective shoulder. In some embodiments, when the valve
member transitions to the second state each shoulder can move into its respective recessed
area. In some embodiments, the needle hub can be configured to push the valve member
into the second state as the needle moves from the non-insertion position to the insertion
position. In some embodiments, the catheter assembly can include a needle guard
positioned around the needle. In some embodiments, the needle guard can be positioned at
least partially within the internal cavity of the valve member.

[0024] Disclosed herein is a catheter assembly for insertion of a catheter into a
patient can include a catheter hub having a housing with an upper end and a lower end, the
housing defining an interior space and at least two recessed areas within the interior space.
The catheter assembly can also include a valve member attached to the upper end of the
housing and positioned at least partially within the housing, the valve member having a top
surface, a central body defining an internal cavity, a slit extending from the top surface to
the internal cavity, and at least two lateral extensions from the central body. A catheter
connected to the catheter hub can extend from the lower end of the catheter hub, the
catheter configured to fluidly communicate with the internal cavity of the valve member. A
needle can extend at least partially through the catheter hub and at least partially through
the catheter, the needle having a distal end and a proximal end, the needle further
configured to move from a non-insertion position to an insertion position. A needle hub
can attach to the proximal end of the needle, and the valve member can be configured to

move from a first state in which each lateral extension is above a corresponding recessed
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area within the interior space of the housing to a second state in which each lateral
extension is positioned within the corresponding recessed area.

[0025] In some embodiments, when the needle moves toward the insertion
position the needle hub can enter the internal cavity of the valve member. In some
embodiments, the needle hub can be configured to move the valve member from the first
state to the second state. In some embodiments, when the needle moves from the non-
insertion position to the insertion position the valve member can move from the first state
to the second state. In some embodiments, the catheter assembly can further include a
needle guard positioned around the needle. In some embodiments, the needle guard can be
positioned at least partially within the internal cavity of the valve member. In some
embodiments, the needle can include a notch at its distal end. In some embodiments, the
notch can be configured to engage with the needle guard, locking the needle and needle
guard together.

[0026] Disclosed herein is a catheter assembly for insertion of a catheter into a
patient can include a catheter hub with a catheter hub housing having an upper housing and
a lower housing, the upper housing and lower housing configured to move relative to each
other from a first stage in which the catheter hub housing has a first height to a second
stage in which the catheter hub housing has a second height greater than the first height.
The assembly can include a valve member having an upper end, a lower end, a bottom
surface, a top surface, a central body defining an internal cavity, and a slit extending from
the top surface to the internal cavity, wherein the upper end of the valve member is
attached to the upper housing and the lower end of the valve member is attached to the
lower housing. A catheter can connect to the catheter hub and extend from the lower
housing. The catheter can also be in fluid communication with the internal cavity of the
valve member. A needle can extend at least partially through the catheter hub and at least
partially through the catheter, the needle having a distal end extending from the lower
housing and a proximal end extending from the upper housing. And a needle hub can
attach to the proximal end of the needle. In some embodiments, removing the needle from
the catheter hub can move the catheter hub housing from the first stage to the second stage.

[0027] In some embodiments, the lower housing can partially surround the

upper housing. In some embodiments, the valve member can have a first height from the
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bottom surface to the top surface when the catheter hub housing is in the first stage and a
second height from the bottom surface to the top surface when the catheter hub housing is
in the second stage, the second height greater than the first height. In some embodiments,
the first height and second height are measured from the bottom surface to an uppermost
point of the top surface. In some embodiments, the second height can be between
approximately 1.1 and 1.3 times the first height.

[0028] In some embodiments, the valve member can have at least two
shoulders extending from the lower end of the valve member, and the lower housing can
define at least two recessed areas that each receive a corresponding shoulder. In some
embodiments, the assembly can include a needle guard slidably positioned around the
needle and at least partially within the internal cavity of the valve member. In some
embodiments, pulling the needle guard out of the internal cavity can require a greater force
than pulling the needle through the needle guard.

[0029] Disclosed herein is a method of using a catheter assembly to insert a
catheter into a patient can include providing a catheter assembly, the catheter assembly
having a catheter attached to a catheter hub that includes a housing and a valve member, a
needle extending at least partially through the catheter hub and at least partially through
the catheter, and a needle hub attached to the needle. The method can include inserting the
needle hub into the catheter hub, wherein inserting the needle hub into the catheter hub
stretches the valve member from a first height to a second height, the second height longer
than the first height. The method can also include inserting the needle into a patient,
moving the catheter over the needle to insert the catheter into the patient, removing the
needle hub from the catheter hub, removing the needle from the patient, and removing the
needle from the catheter hub.

[0030] In some embodiments, removing the needle hub from the catheter hub
and removing the needle from the patient can be done simultaneously. In some
embodiments, the housing defines an interior space and includes at least two recessed areas
within the interior space, and the valve member can have at least two lateral extensions
each configured to fit within a respective recessed area when the valve member is stretched

to the second height. In some embodiments, the catheter assembly can include a needle
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guard positioned around the needle and at least partially within the valve member. In some
embodiments, the needle guard can be positioned entirely within the valve member.

[0031] Disclosed herein is a method of using a catheter assembly to insert a
catheter into a patient can include providing a catheter assembly, the catheter assembly
having a catheter attached to a catheter hub that includes a housing with a first housing
section and a second housing section configured to move relative to each other from a first
stage in which the housing has a first length to a second stage in which the housing has a
second length greater than the first length, a needle extending at least partially through the
catheter hub and at least partially through the catheter, and a needle hub attached to the
needle. In some embodiments, the method can also include inserting the needle into a
patient inserting the catheter into the patient, grasping the second housing section, and
removing the needle from the catheter hub, wherein removing the needle from the catheter
hub moves the catheter hub into the second stage.

[0032] In some embodiments, inserting the needle and inserting the catheter
into the patient can be done together. In some embodiments, the catheter can extend from
the second housing section of the catheter hub housing. In some embodiments, the catheter
hub can include a valve member having a central body defining an internal cavity, a slit on
a top surface of the valve member that extends into the internal cavity, an upper end, and a
lower end, the upper end attached to the upper housing section and the lower end attached
to the lower housing section.

[0033] In some embodiments, the catheter assembly can include a needle guard
positioned at least partially within the internal cavity of the valve member prior to
removing the needle from the catheter hub. In some embodiments, the needle guard can be
positioned entirely within the internal cavity of the valve member prior to removing the
needle from the catheter hub. In some embodiments, removing the needle from the
catheter hub can include pulling the needle guard through the slit of the valve member. In
some embodiments, the lower end of the valve member can include at least two lateral
extensions each positioned within a respective one of at least two recesses defined by the
lower housing section, after the needle is removed from the catheter hub.

[0034] Disclosed herein is a catheter assembly for insertion of a catheter into a

patient can include a catheter hub having a housing and a valve member within the

-10 -
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housing, a catheter connected to the catheter hub, a needle extending at least partially
through the catheter and the catheter hub, the needle having a proximal end and a distal
end, and a needle hub attached to the proximal end of the needle. In some embodiments,
the catheter assembly can be configured to transition from a first stage to a second during
the process of inserting the needle into a patient and removing the needle from the patient.

[0035] In some embodiments, in the first stage the valve member has a first
amount of tension along a longitudinal axis of the valve member, and in the second stage
the valve member has a second amount of tension along the longitudinal axis of the valve
member, the second amount of tension being greater than the first amount of tension. In
some embodiments, in the first stage the valve member has a first amount of compression
in a plane perpendicular to a longitudinal axis of the valve member, and in the second stage
the valve member has a second amount of compression in a plane perpendicular to the
longitudinal axis of the valve member, the second amount of compression being greater
than the first amount of compression.

[0036] In some embodiments, the housing can include a first housing and a
second housing configured to move relative to each other. In some embodiments, in  the
first stage the housing can have a first height and in the second stage the housing can have
a second height greater than the first height.

[0037] Disclosed herein is a method of using a catheter assembly to insert a
catheter into a patient can include providing a catheter assembly, the catheter assembly
including a catheter hub having a housing, a catheter connected to the catheter hub, a
needle extending at least partially through the catheter and the catheter hub, and a needle
hub attached to the proximal end of the needle. The method can include transitioning the
catheter assembly from a first stage to a second stage, inserting the needle into a patient,
inserting the catheter into the patient, and removing the needle from the patient. In some
embodiments, transitioning the catheter assembly from the first stage to the second stage
can be performed after inserting the needle into the patient.

[0038] In some embodiments, the catheter hub can include a valve member. In
some embodiments, in the first stage the valve member can have a first amount of tension
along a longitudinal axis of the valve member, and in the second stage the valve member

can have a second amount of tension along the longitudinal axis of the valve member, the
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second amount of tension being greater than the first amount of tension. In some
embodiments, in the first stage the valve member can have a first amount of compression
in a plane perpendicular to a longitudinal axis of the valve member, and in the second stage
the valve member can have a second amount of compression in a plane perpendicular to
the longitudinal axis of the valve member, the second amount of compression being greater
than the first amount of compression. In some embodiments, the housing can include a first
housing and a second housing configured to move relative to each other. In some
embodiments, in the first stage the housing can have a first height and in the second stage
the housing can have a second height greater than the first height.

[0038A] The invention will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

[0039] FIG. 1 is a front view of an embodiment of a medical connector.

[0040] FIG. 2 is an exploded view of an embodiment of a medical connector.

[0041] FIG. 3A is a top perspective view of an embodiment of a valve
member.

[0042] FIG. 3B is a bottom perspective view of the embodiment of Figure 3A

[0043] FIG. 4A is a cross-sectional view of the embodiment of Figure 3A,
taken along the line 4A-4A.

[0044] FIG. 4B is a cross-sectional view of the embodiment of Figure 3A,
taken along the line 4B-4B.

[0045] FIG. 5 is a top perspective view of an embodiment of a housing portion.

[0046] FIG. 6 is a cross-sectional view of the embodiment of Figure 5.

[0047] FIG. 7 is a bottom perspective view of the embodiment of Figure 5.

[0048] FIG. 8 is a bottom view of the embodiment of Figure 5.

[0049] FIG. 9A is a perspective view of an embodiment of a housing portion.

[0050] FIG. 9B is a cross-sectional view of the embodiment of Figure 9A.

[0051] FIG. 10 is a top view of the embodiment of Figure 9A.

-12-
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{60521 FIG. 11A is a cross-sectional view of an cmbodiment of a medical
connector prior to complete assembly.

IGO53] FEG. 11B is a cross-sectional view of a medical connector taken at about
90 degrees relative to the cross-section of Figure 11A.

{00541 FIG. 12A 15 a cross-sectional view of an embodiment of a medical
connector fully assembled.

[0055] FIG. 12B 15 a cross-sectional view of a medical connector taken at about
90 degrees relative to the cross-section of Figure 12A.

[1836] FIG. 13A 18 a cross-sectional view of an embodiment of a medical
connector engaged with a medical device.

(80571 FEG, 138 is a cross-sectional view of a medical connector engaged with a
medical device, taken at about 90 degrees relative to the cross-section of Figure 13A.

[6058] FIG. 14 15 a perspective view of one embodiment of a medical connector.,

(8059 FEG, 15A is a perspective view of one embodiment of a valve member.

{80681 FIG. 158 15 a cross-sectional view of the valve member of Figure 15A.

3861 FiG. 15C 18 a cross-sectional view of the valve member of Figure 15A
taken at about 90 degrees relative to the cross-section of Figure 158,

[3862] FEG. 16A s a cross-sectional view of a medical connector with the valve
member of Figure 15A.

[6863] FEG. 168 1s a cross-sectional view of a medical connector with the valve
mernber of Figure 15A, taken at about 90 degrees relative to the cross-section of Figure 16A.

{364} FIG. 17A 1s a perspective view of one embodiment of a valve member.

[6065] FEG. 178 15 a perspective view of one embodiment of the valve member
of Figure 17A.

[1866] FIG. 17C is a cross-sectional view of the valve member of Figure 17A
taken at about 90 degrees relative to the cross-section of Figore 178,

16867 FEG. 18A is a cross-scctional view of a medical connector with the valve
member of Figure 17A.

{00681 FIG. 18B 15 a cross-sectional view of a medical connector with the valve
member of Figure 17A, taken at about 90 degrees relative to the cross-section of Figure 18A.

(3691 FIG. 19A is a perspective view of one embodiment of a valve member.
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[6876] FEG. 198 15 a perspective view of one embodiment of the valve member
of Figure 19A.

166711 FiG. 19C is a cross-sectional view of the valve member of Figure 19A
taken at about 90 degrees relative to the cross-section of Figure 198,

100721 FIG. 28A is a cross-sectional view of a medical connector with the valve
member of Figure 19A.

166731 FIG. 28B 15 a cross-sectional view of a medical connector with the valve

member of Figure 194, taken at about 90 degrees relative to the cross-section of Figure 20A.

{36741 FIG. 21 s one embodiment of an outer body of a medical connector,

[6875] FEG. 22 is one embodiment of an inner body of a medical connector,

160761 FIG, 23A is onc embodiment of a valve member for use in a medical
connector.

(6877} FEG. 238 is a cross-sectional view of the valve member of Figure 23A.

[6078] FIG. 24 is one ewmbodiment of an assembled medical connector with the
components of Figure 21-23,

[6879] FEG. 25 is a cross-sectional view of the medical connector of Figure 24,

[0088] FEG. 26 is a cross-sectional view of the medical conmnector of Figure 24
when partially connected to a medical device.

{3081 FiG. 27 is a cross-sectional view of the connector of Figure 26, when
fully connected to a medical device.

{00821 FIG. 28 is a cross-sectional view of one embodiment of a medical
CONNCCLor.

[6083] FEG. 29 is a cross-sectional view of the medical conmnector of Figure 28
when conmected to a medical device.

(3841 FIG. 38 1s a perspective view of one embodiment of a medical connector.

{0085] FIG. 31A is a cross-sectional view of a valve member for use m the
medical connector of Figure 30.

[1886] FIG. 31B is a cross-sectional view of a valve member for use in the
medical connector of Figore 30, taken at about 90 degrees relative to the cross-section of
Figure 32A.

[6887] FEG. 32 is a cross-sectional view of the medical connector of Figure 30.

-14-
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[BORE] FIG. 33A 15 a bottom perspective exploded view of one embodiment of
various clements used to mold a medical connector,

{1389} FIG. 338 is a top perspective exploded view of the elements of Figure

090 FEG, 34 is a top perspective view of once embodiment of elements used to
mold a medical connector.

(6091} FEG. 35A is a cross-sectional view of one embodiment of elements used
to mold a medical connector,

{36921 FEG. 35B is a cross-sectional view of the elements of Figore 354, taken at
about 90 degrees relative to the cross-section of Figure 35A.

(6093} FIG, 36 is a tlow chart of one embodiment of a two-step injection mold
Process.

{6094} FEG. 37A 15 a front view of one embodiment of a catheter asserbly ina
first stage.

(3951 FIG. 37B 1s a front view of the catheter assembly of Figure 37A ina
second stage.

(80961 FEG, 38A is a cross sectional view of the catheter assembly of Figure 37A
in the first stage.

(3097} FEG. 388 is a cross scctional view of the catheter assembly of Figure 37A
in the second stage.

{80981 FIG. 38A 15 a cross sectional view of one embodiment of a catheter
assembly in a first stage.

60991 FEG. 398 15 a cross sectional view of the catheter assembly of Figure 39A.

(61041 FIG. 39C is a cross sectional view of the catheter assembly of Figore 39A
in a stage position.

(6101} FEG. 48 15 a flow chart of one embodiment of a method for using a
catheter assembly.

161821 FiG. 41 is a flow chart of one embodiment of a method for using a

catheter assembly.
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[0103] With reference to the attached figures, certain embodiments and
examples of high flow rate medical connectors will now be described.

[0104] Figure 1 illustrates one embodiment of a medical connector 1, which
can be centered about a longitudinal axis 2 that can run through the connector. The
connector can be described with reference to an upper end 4 and a lower end 6. Although
the medical connector in use will not always have the same orientation, the terms "upper”
and "lower" as used in this disclosure are with respect to the orientation of the connector
and its various components as illustrated in Figure 1. Similarly, the terms "outer" and
"inner" are generally used with reference to the central longitudinal axis 2. Thus, for
example, an outermost point of a particular feature in a radial direction would be the point
that is farthest from the longitudinal axis.

[0105] The medical connector includes a substantially rigid outer housing 8,
and in some embodiments the housing 8 comprises a first, or upper, housing 10 and a
second, or lower, housing 20. The first housing can have a height that extends parallel to
the longitudinal axis 2 from the upper end of shoulder 16, where it joins the upper Luer
connector region 40, to the bottom surface 11 of the first housing. The second housing 20
can have a height that extends parallel to the longitudinal axis from the second housing
lower edge 26 to the second housing upward surface 21. In the illustrated embodiment, the
first housing height is greater than the second housing height. In some embodiments, the
second housing height can be approximately 3/4 the first housing height, approximately
1/2 the first housing height, or less. In some embodiments, the second housing height can
be greater than the first housing height. Alternatively, in some embodiments the second
housing height can be approximately equal to the first housing height.

[0106] The first housing 10 and second housing 20 can be designed to increase
comfort and grip when holding the medical connector 1. Typically, the connector will be
held between the thumb and index finger of a health care professional or other individual
manipulating the connector. The housing 8, consequently, can have a generally concave
shape along a path from an outermost point of shoulder 16 to the lower edge 26. An
example of such a profile is visible in Figure 1, and the generally concave shape provides a

natural
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position for the fingers used when holding the medical connector 1 and makes it less fikely
that a user’s grip will slip toward the upper or lower portion of the medical connector.

(187} In addition to the general shape of the housing &, cach of the first housing
18 and the second housing 28 can have a separate profile on their respective outer surfaces,
For example, the first housing §8 can have a general taper along its outer surface 12 that runs
from an outermost point of the shoulder 16 to the bottom surface 11, The outer surface along
this path moves consistently closer to the longitudinal axis 2. The sccond housing 26 can
have a generally concave shape along a path on its outer surface 22 from the upper surface 21
to the lower edge 26, In some embodiments, the first housing 18 can have a concave outer
surface 12 and the seccond housing 28 can have an outer surface 22 that tapers from the lower
cdge 26 toward the upper surface 21, In other emnbodiments, the first housing 19 and second
housing 28 can both have tapering, concave, convex, straight, or other combination of outer
surfaces.

i6108] Additionally, in some embodiments both housings can have features on
their outer surfaces that can improve a user’s grip. In the illustrated embodiment, the first
housing 18 has dimples 14 and the second hounsing 28 has dimples 24, although other
features can be used such as bumps, ridges, and/or other types of indentations or protrusions.
The dimples can be symmetrically spaced around the medical connector 1 such that each
dimiple has a corresponding dimple on an opposite side of the medical connector, This can
allow a user who pinches a medical connector to have a finger on each side of the connector
that fits within a dimple. Additionally, as illustrated, in some embodiments the dimples on
the second housing 28 are aligned with the dimples on the first housing 18, This can make it
casier for a user’s fingers to find a position within a dimaple if the user adjusts his or her grip
from onc housing to another.

{81891 In some embodiments, the first and second housings can cach be
configured to connect to a medical device for the purpose of introducing fluid to a patient or
withdrawing blood from a patient, or for any other desired purpose. Such medical devices
can include but are not himited to IV bags, pierceable connectors, needleless connectors,
medical tubing, syringes, ete. The second housing 28 can have a lower Luoer connector

region 8§, discussed in more detail below, which inchades a Luer cannula 86, The first
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housing 10 can have an upper Luer connector region 48 with threads 42 for receiving a
threaded medical connector such as a Luer connector of a medical device, such as a syringe.

118 In various embodiments, the connector regions 44, 88 can gencrally be
configured to accommodate any standard medical connector or implement, and can be
configured to conform with ANSI (American National Standards Iustitute, Washington,
D.C.y or other applicable standards. The term "medical implement” is used hercin to denote
any medical device commonly used in the medical field that can be connected or jomed with
any embodiments of the connectors disclosed herein. Examples of medical implements that
are conternplated inchude, without limitation, tubing, loers, conduits, syringes, intravenous
devices {both peripheral and central hines), closable male luer connectors (both integrally
formed with a syringe or independent connectors), pumps, piggvback lines, and other
components which can be used m connection with a medical valve or connector. The
connector regions can also be configured to have non-standard connections.

i1 The first housing 8 can have a valve member 38, an embodiment of
which s tHhustrated i greater detail 1o Figure 3, that seats within the Luer connector region
48 and which can help control and direct a flow of fluid from a first medical device attached
to the first housing 18, through the first housing to the second housing 28, and out the Luer
cannula 86 to a sccond medical device attached to the sccond housing 28, Similarly, it can
facilitate flow in the reverse direction.

[6112] Figure 2 15 an exploded view of an exemplary medical connector 1 that
includes the first housing 18, the second housing 20, and a valve member 38 that is located
within at least a portion of the first housing when the device 1s fully assembled. In some
embodiments, the valve member 38 can be attached to the first housing 18 from the mwold as
it is formed. In somc embodiments, the valve member and first housing can be formed
together as part of a two-shot molding process, discussed in more detail below. Also as
discussed below, when the connector s fully assembled the valve member is preferably
moved from a first state into a second state within the connector. The following description
will first discuss embodiments of these parts (the valve member 34, the first housing 18, and
the second housing 28) and will then describe the details of how they can it together when

the device s fully assembled and how they may interact with cach other.
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VALVE MEMBER

G113 Figures 3A — 4B illustrate one embodiment of a scal clement or valve
member 38 that can be used with a medical connector 1. The valve member is generally
constructed from a flexible material, such as silicon rubber or other maierial. The valve
member can comprise at least one shoulder, or wing, 34 extending outward at a lower end of
the valve member. In the illustrated embodiment, the valve member has two shoulders
positioned on opposite sides of the valve. The shoulders can be used to help ensure proper
positioning of the valve member within the housing of the medical connector, as discussed in
more detail below. In some embodiments, three or four or even more shoulders can be used
effectively. In some embodiments, a single shounlder may be used.

6114} Figure 3A is a top perspective view of a valve member. As illostrated in
Figure 3A, in some embodiments the shoulders 34 can have a variety of shapes and designs
according to desired functional characteristics. In some embodiments, as illustrated, the
shoulders can extend from a central body 33 of the valve member 38 along a top surface 136
and toward an outer section 134 of the shoulder. From the outer section, the shoulder can
extend toward a base of the valve along a side surface 138, In some embodiments, the side
surface 138 can connect to the bottom 58 of the valve through a chamfer 139, In some
emibodiments, there is no chamfer between the side surface and the bottom of the valve,

{0115] As illustrated, in some embodiments the top surface 136 and the outer
section 134 can be rounded. As discussed further below, this can help with the process of
removing the valve from the mold when formed. Among other benefits, this can help
prevent accumulation of stress points in the valve member and can promote casicr and more
are rounded, the radius of curvature of the top surface 136 can be greater than the radius of
curvature of the cuter section 134, In some embodiments, the radius of curvature of the top
surface 136 can be less than the radins of curvature of the outer section 134, and in some
embodiments the two radu can be approximately equal. In some embodiments, the radius of
curvature of the outer section 134 can approach zero such that the outer section 134 becomes
an outer edge. In some ernbodiments, the radius of corvature of the top surface 136 can also
or independently approach zero such that the top surface forms a substantially right angle

with the central body 33,
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[311s] In some embodiments, as llustrated, the side surface 138 of the shoulder
34 can be wider at s top than at its bottom, which can create an angled surface 135 on the
front of the valve member, This angle can allow for a tapered interlock when the valve is
molded, which can hold pressure better and vield a better mold. In some embodiments, the
angled surface 135 can extend above the top of the side surface 138, as illustrated.

(1171 With continping reference to Figure 3A, in some embodiments the central
body 33 of the valve momber can have a flat section 133 where the wall of the central body
has been pushed in relative to other sections of the central body. As illustrated, the flat
section 133 can be angled relative to the longitudinal axis 2 of the valve mernber such that it
naturally tapers out. The flat section 1s preferably angled such that 1t s wider at its top than
at its bottom. The flat section can help ensure room for the valve member 0 expand within
the housing 8 of a medical connector 1 when a medical device is inserted mto the valve
member, as discussed helow.

0118} The valve member can also include a slit 32 extending into the central
body 33 of the valve member 38 from the top surface 38, The shit can be configured fo
naturally remain closed at the top surface but can open to receive a medical device attached
to the first housing, thereby facilitating fluid to flow through the valve. This is also
discussed in more detail below.

(3119} In some embodiments, the valve member can have a lip 52 (also referred
to as an upper lip or first Hip) that extends out from the central body 33 of the valve at an
upper end of the valve. The lip can be used to help seat the valve within a edical
connector, as discussed below, In some embodiments, the lip and the valve can have a
domed top surface 38, as illustrated, which can allow for the top surface to remain swabbable
in embodiments where the valve is placed into tension within the connector, as discussed
below.

(6120 Figure 3B illustrates a bottom perspective view of a valve member 38. As
itlgstrated in Figare 3B, in some embodiments a valve member can have a lower lip or
stepped section 527 (also referred to as a sccond hip) below the lip 82, the lower lip having a
lower surface 547 and a side surface 85, In some embodiments, the junction between the
iower lip and the central body 33 of the valve member can be a right angle, and in some

embodiments it can be curved. In some embodiments, the junction 132 between the between
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the lower hp and a {lat section 133 of the central body 33 can have a different radius of
curvature than the junction 131 between the lower lip and other sections of the central body.
In some embodiments, a valve member 38 can just have a single lip 52.

(6121} Also visible in Figure 3B s a lead lumen 36 that extends from an opening
on the bottom surface 88 of the valve member 38, through the bottom surface, and into an
inner cavity of the valve,

i6122] Figures 4A and 4B illustrate cross-sectional views of the valve member 36
taken along the lines 4A-4A and 4B-4B, respectively, visible in Figure 3. These cross-
sectional views are at approsimately 90° relative to cach other. As visible 1 Figure 4A, the
shit 32 can extend from the top surface 56 into the valve to an internal surface 51, creating a
passageway through the wall of the valve. In some embodiments, the shit does not extend all
the way through the wall of the valve when the valve is molded and a thin layer of valve
material can cover the shit on the top surface. This laver is preferably thin enough to be casily
broken or to casily pop off.

(123} In some embodiments, discussed in more detail below, the valve member
30 can have a first, gencrally relaxed, state and a sccond state in which the valve member is
in greater tension along its longitudinal axis 2 than in the first state. In some embodiments,
the valve member in the first state may not be in tension along is longitudinal axis, Tn some
embodiments, the valve member in the first state may have tension along the longitudinal
axis that is less than the tension in the second state. In some embodiments, the valve member
in the first state may not be n compression in a plane perpendicnlar to its longitudinal axis.
In some embodiments, 1o the second state the valve member can have compression in a plane
perpendicular to its longitudinal axis,

(1124 In some embodiments, in the plane of the shit 32, the surface or surfaces
53 of the internal cavity 35 of the valve member 38 (also referred to as inner surfaces of the
valve member} can narrow slightly until they taper at a tapered section 137, which can run
into the lead lumen 36 at a lower end of the valve, as illustrated. Thus, for example, in some
embodiments the width wy of the shit can be greater than the width w; of the internal cavity
35 adjacent the tapered section 137, when the valve is n a first state. This can help facilitate
entry of a medical device, discussed below, and also help direct flow toward the lead lumen

36. In some embodiments, the ratio wifw; of the width of the slit to the width of the internal
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cavity 38 adjacent the tapered section 137 can be greater when the valve 1s m the first state
than when the valve 1s i the second state. In some embodiments, the width wy can be
substantially equal to the width w; when the valve is in the first state, when the valve is in the
second state, or both. In some embodiments, the width wy can increase from the first state fo
the second state. In some embodiments, the ratio of the width wy to w, can be approximately
1.25. In some embodiments, the ratio can be approximately 1.5, In some embodiments, the
ratio can be greater than or cqual to about 1.1 and/or less than or cqual to about 2. In some
embodiments, these ratios can describe the valve in either a first state or a second state.

(61281 Figure 4A illustrates a number of other dimensions, For example, visible
in Figure 4A is an upper lip width wy between the side surface 35 of the lower Lip 827 and an
outer edge of the hip 82, a width wy between the central axis 2 and the outer edge of the lip
52, a bottom width ws in this plane between an outer edge of the lead lumen 36 and an outer
edge of the bottom 58 of the valve member, a total shoulder width ws between the central
axis 2 and the outer point of the outer section 134 of the shoulder 34, a net shoulder width
wig between the outer point of the outer section 134 of the shoulder and a position aligned
with where the top surface 136 of the shoulder 134 begins to extend away from the central
body 38, an intermediate internal cavity width wye measured at the same height as the net
shoulder width, a width wy of the walls of the valve body 33 1o this plane, a total lip width
wg, and an inner diameter £ of the lead himen 36.

#126] In some embodiments, the width wy of the walls of the central body 33 in
this plane can be generally constant between the top surface 136 of the shoulders 34 and the
junction 131 between the lower hip and other sections of the central body. In some
embodiments, the width wy of the walls can increase or decrease between the top surface 136
and the junction 131, In various embodiments, the widths described above can vary with
respect to each other and also between first and second states of the valve. In some
embodiments, the total shoulder width wy can be greater than the width wy between the
central axis 2 and the outer edge of the lip 32. In some embodiments, the total shoulder
width wg can be less than the width wy between the central axis 2 and the outer edge of the
lip 82. In some cmbodiments, the ratio weg'wy of these widths can be between about 1 and

about 1.25, and in other embodiments the ratio can be between about 1 and about 0.8, In
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some embodiments the ratio can be greater than or equal to about 0.8 and/or less than or
equal to about 1.25. Further, in some embodiments, the width w» of the walls of the central
body 33 can be greater when the valve is in a first state than a second state.

(6127} In some embodiments the top surface 3¢ can be a section of a sphere, and
have a radius of curvature By In some embodiments, the top surface can have a radius of
curvature in the illustrated plane that ditfers from radii of carvature in other planes, such that
the top surface is not a section of a sphere. In some embodiments, as illustrated, the radius of
curvature can be greater than the height of the valve (the height being the sum of b By, and
h2), such that the center of curvature is located below the valve, In some embodiments, the
radius of curvature can be loss than the height of the valve, such that the center of curvature
is located within the valve. The radins of curvature can also be substantially equal to the
height of the valve. In some embodiments, the radins of curvature can increase when the
valve is in a second state. In some erobodiments, the radius of curvature can approach
infinity when the valve is in a second state such that the top surface 58 of the valve is
substantially flat.

{6128} Similarly, 1 somwe embodiments the internal surface 81 of the section of
the valve 38 through which the slit 32 passes can be a section of a sphere and have a radius
of curvature R,. In some emboditnenis, it can have a radins of curvature in the illusirated
plane that differs from radii of curvature in other plancs, The radius of curvature can vary in
different embodiments in the same ways described above with respect to the top surface S6.
For example, the internal sorface 81 can have a radius of curvature R that m various
embodiments can have a center of curvature below the base of the valve, approximately at
the base of the valve, or within the valve. The radius of curvature can also or alternatively
increase when the valve is in a second state, and in some crobodiments can be generally flat
when the valve is in a sccond state.

101291 In some embodiments, the radims of curvature R, of the internal surface 51
can be approximately equal to the radius of curvature Ry of the top surface 51, o such
embodiments, the thickness ¢, of the slit can be generally consistent along its width wy. In
some embodiments, the two radu of curvature can differ such that the thickness ¢ of the slit
varies along the width wy. In some embodiments, By can be greater than R,, and in some

embodiments B, can be greater than Ry,
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{6138} In some emboduments, the ratio of the width of the slit wy o the sl
thickness ¢ can vary. In somc embodiments, this ratio can be between approximately 4 and
approximately 5. In some embodiments, this ratio can be greater than or equal to about 2.5
and less than or equal to about 7.5,

3131} In some cmbodiments, the ratio of the net shoulder width wyy to the
mtermediate internal cavity width wys can, among other things, atfect the ability to withdraw
the valve 38 from a mold, as discussed in more detail below. In some embodiments, this
ratio can preferably be no greater than (.5, In some embodiments, however, it can be greater
than 0.5. In some embodiments, it can be greater than or equal to about 0.2 and/or less than
or equal to about 0.5, In some embodiments, the listed ratios deseribe the valve when it is in
a sccond state. In some embodiments, they can describe the valve when in a first state.

(1321 With contimuing reference to Figure 4A, the upper lip 52 can have a center
height hy, measured from the bottom surface 34 of the upper lip to the top point of the top
surface 50 of the valve, and the lower lip §2° can have a center height hys measured from the
bottom surface 847 of the lower hip to the top pomt of the top surface of the valve., The apper
iip can also have an edge height hy, measured from the bottom surface of the upper lip to the
top of the valve at its outer edge.

(81334 In some cmbodiments, the ratio of the upper lip center height hy to the
upper lip edge height By can be greater than or equal to about 1.5 and/or less than or equal to
about 3. In some embodiments it can be greater than or equal to about 1.2 and/or less than or
equal to about 3.5, This ratio can affect the amount to which the radins of curvature By of
the top surface 58 of the valve changes when the valve 1s moved to a second state. Stmularly,
the ratio of the edge height hy to the upper lip width wj can affect deformation of the valve
member when it is in a tensioned state. In some embodiments, this ratio can be greater than
or equal to about 0.5 and/or less than or egual to about 1.5, In some embodiments it can be
greater than or equal to about 1 and/or less than or equal to about 3.

(81341 In some embodiments, the ratio of the total lip height hy; (the sum of the
heights of the upper 82 and lower 82° lips) to the lower lip width wys can similarly affect
deformation of the valve member when 18 1 4 tensioned state. Tn some embodunents, this

ratio can be greater than or ogual to about 1 and/or less than or equal to about 2. In some
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embodiments, the ratio can be greater than or equal to about 0.5 and/or less than or equal to
about 3.

IGE35] In some embodiments, the ratio of the lower lip center height hyy to the
total lip height hy; can also affect deformation of the valve member and the amount to which
the radius of curvature By changes when the valve 18 moved to a sccond state.  In some
embodiments, this ratio can be can be greater than or equal to about | and/or less than or
equal to about 3. In some embodiments, it can be greater than or equal to about 1.5 and/or
less than or equal to about 4,

{1136} Similarly, the ratio of the core height hyy of the valve (measured from the
top of the shoulders 134 1o the bottom 84° of the lower lip 827} to the total hip height hys can
affect how the valve member deforms when in a tensioned state. In some embodiments this
ratic can be greater than or equal to about 5 and/or less than or equal to about 7. In some
embodiments this ratio can be greater than or equal to about 3 and/or less than or equal to
about 9.

[8137] The height hs of the shoulder 34 can be measured from the bottom surface
58 of the valve to the top of the outer section 134 of the shoulder. In some embodiments, the
height ks of the shoulder 34 can be significantly greater than the height by of the outer edge
of the lip. In some embodiments, their ratio hy/bhy can be greater than or equal to about 2.5
and/or less than or equal to about 10, In some embodiments, the ratio can be greater than or
equal to about 4 and/or less than or equal to about 15, In some embodiments, this ratio can
affect how the valve deforms when it is placed in a tensioned state.

[6138] Related to the heights and widths of various portions of the valve member
3¢ is the angle gy of the chamfer 139 connecting the side surface 138 to the bottom of the
valve 88 and the angle @, of the side surface 138 itself. The side surface angle a3 1s generally
greater than the chamfer angle ;. and can be correlated with the shoulder width we and the
shouider height hs.

(6139 Figure 48 illustrates a cross-scctional view taken at approximately 90°
from the view of Figure 4A. As can be seen in Figure 4B, in some embodiments in this plane
the internal cavity 38 widens as it moves down the valve. Thus, from the bottom of the slit
32, in this planc the surfaces 53 of the mnternal cavity 38 of the valve 3¢ can move apart from

each other until they reach a maximum width wyy at the bottom of the imternal cavity, before
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the tapered section 137 that connects to the lead lumen 36, Preferably, the width wyy at the
bottom of the internal cavity in this plane is equal to the corresponding width w; in the plane
of Figure 4A, and this section of the valve forms a circle. In some embodiments, however,
these widths can vary. As illustrated, the mternal cavity can widen at a generally constant
rate, creating cross-sectional views as i Figure 4B in which the surfaces 53 of the internal
cavity are straight. In some embodiments the surfaces can widen at non-constant rates, or
may not widen at all. In some embodiments, as illustrated, the surfaces 83 1o this plane begin
from a common location at the bottom of the shit 32, but in some cmbodiments they are
mitially separated. This genecral profile of the internal cavity - starting from a minimum
width and then widening to a desired maximum width — can help himit the priming volume of
the valve 3¢ and medical connector 1.

LT Also visible in Figure 4B is an upper hip width wy in this plane, again
defined as the distance between the side surface 85 of the lower lip 827 and an outer edge of
the apper lip 82, and a lower lip width wyr, Preferably, the upper lip width wyz in this plane
i5 cqual to the upper lip width w; in the planc of Figure 4A. In some embodiments, however,
these widths can vary. The lower lip width wyy in this plane i3 preferably greater than the
fower hip width wie in the plane of Figure 44, although in some embodiments they can be
equal,  In some embodiments the lower lip width in this planc is greater than the lower lip
width in the plane of Figure 4A because the valve member 38 has a flat section 133, where
the wall of the central body 33 angles in relative to other sections of the central body. The
ratio of each total lip width ws,we to the edge height by of the upper lip 82 can provide some
measure of the rigidity of the lip (which can control the shape of the lip and top surface 58
when the valve is placed into tension). These ratios can also affect the case with which a
medical device can be inserted into the valve member 38 and the amount of back pressure
sustained within the valve. Also contributing to the featores of the valve 1s the ratio of the
iarger of the two total lip widths - in this case the ratio we/hy with the total lip width wy in
the plane of Figure 4B. In some cmbodiments, the ratio of the total lip width we to the edge
height hy can be greater than or equal to about 1.5 and/or less than or eqgual to about 2. In
some embodiments, the ratio can be greater than or equal to about 2 and/or less than or equal

to about 5.
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{0141} Similarly, the ratio of the total lip height hys to the lower ip width wyy can
also provide a measure of lip rigidity. In some embodiments, this ratio can be between
approximately 0.75 and approximately 1.25. In some embodiments, this ratio can be greater
than or equal to about (.5 and/or less than or equal to about 1.5, The ratio of the lower lip
center height hyy to the lower lip width wyy can also provide weasures of lip nigidity. In
some embodiments, this ratio can be greater than or equal to about 1 and/or less than or cqual
to about 4. In some embodiments, the ratio can be greater than or equal to about 0.5 and/or
less than or equal to about 2.

{0142] In some embodiments, it can be preferable for the lower lip width wyy to
be large encugh for the walls of the valve to have room to be displaced when a medical
device is inserted into the valve. In some embodiments, the ratio of the lower hip width wyy
in the plane of Figure 4B to the lower lip width wye in the plane of Figure 4A can provide a
reflection of this measurement. In some embodiments, this ratio can be greater than or equal
to about 1.2 and/or less than or equal to about 3. Tn some embodiments it can be greater than
or eqgual to about 1.75 and/or less than or equal to about 4.

(6143} Figure 4B also illustrates the angle g4 of the flat section 133 of the valve
member 3¢, Also visible is the angle ¢s of the surfaces 53 in this planc of the internal cavity
35, As measured, both angles are relative to a horizontal line on the bottom surface 58 of the
valve. In some embodiments, as illustrated, the angle of the flat section 133 and the angle of
the inner surfaces 83 in this plane can be different. In some embodiments, as illustrated, the
angle as of the mner surfaces 83 can be less than the angle ay of the flat section 133, such
that the width of the walls of the contral body 33 at the flat section 133 increases as the wall
moves toward the top of the valve. This can allow the valve to have greater structural
integrity toward the top of the valve, where the internal cavity widens the most to receive a
medical device, as discussed below. Sumilarly, in some embodiments, the angle a5 of the
inner surfaces 83 can be less than the angle g3 of the central body 33 below the flat section
133. Thus, below the flat section, the width of the walls of the central body 33 can decrease
as the wall moves toward the tapered section 137 of the sht.  Alternately, in some
embodiments, the angle a5 can be approximately equal to the angle a4 of the flat section 133,
In some embodiments, the angle ¢s of the inner surfaces 53 can be approximately equal to

the angle a3 of the central body 33, In soroe embodiments, all three angles can be the same,
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{3144} Also visible in Figure 4B is a bottom width wye in this planc between an
outer edge of the lead lumen 36 and an outer edge of the bottom 58 of the valve member. In
some embodiments, the bottom width wyg in this plane can be equal to the bottom width ws
in the planc of Figure 4A. In some embodiments, the bottom width wye in this plane can be
less than the bottom width ws in the plane of Figure 4A. In some embodiments, as
illustrated, the bottom width wie 10 this plane can be greater than the bottom width ws in the

plane of Figure 4A.

FIRST HOUSING

[B145] Figure § illustrates a top perspective view of the first housing 18, In some
embodiments, the housing can have a lower section 112 that extends below the shoulder 16
of the housing, which connects to the upper Luer connector region 4. In some
embodiments, the upper Luer connector region can have a first section 44 and a second
section 46 above the first section. The first section can have an interior surface 45 and the
sccond section can have an interior surface 47. The first section and second section can be
joined by a ledge 48. In some erobodiments, and as ilhustrated, the ledge can be flat. In some
embodiments the ledge can be angled or can have combinations of flat sections and angled
sections. In some embodiments, the first section 44 can have an outer ledge 41,

(8146} Figure 6 illustrates a cross-sectional view of the first housing 38, As
illustrated, in some embodiments, the first section 44 and the second section 46 can have the
same outer diarocter OB (without considering the threading 42}, However, in some
embodiments the first section 44 can have an inner diameter {1, that is less than the nner
diameter 1 of the second section 46. The difference between these two can help define the
icdge 48 and can define its width wya.

(6147} The ledge 48 can be used to help seat the valve member 38 when the
medical connector is fully assembled. The lower surface 84 of the lip $2 of the valve member
can engage the ledge 48, positioning the valve member at a desived height relative to the first
housing 10 and helping prevent the valve member from passing farther into the first housing.
The height hy of the second section 46 (i.c. the distance from the ledge 48 to an uppeormost

point of the first housing 18) can be substantially the same as the height By of the lip 52 of
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the valve member 38 prior to the valve member being placed in tension. In some
embodiments, however, the height of the sccond section hy can be less than or greater than
the height hiof the lip. In some embodiments, the height of the lip 82 is greater than the

3
1
¥

height hy of the second scction 46 prior to the valve member being placed in tension, but is
configured such that when the valve member is in a tensioned state the lip has a height
approximately equal to the height of the second section.

[3148] In some embodiments the width wys of the ledge 48 can be generally equal
to the width w; of the lip 52 of the valve 34,

{3149 In some embodiments, the first housing 18 can have an annular recess 18
on an interior surface. It can also have a downward projection 68 within the interior space 6%
of the housing that can be used to help align the fivst housing 18 with the second housing 28
when the medical connector is assembled. The downward projection can extend from the
mterior surface 48 of the first section 44 of the housing and into the lower section 112 of the
housing. In some erobodiments, an inferior surface 63 of the downward projection can formn a
continuous surface with the interior surface 45 of the first section of the housing. In some
embodiments, the interior surface 63 of the downward projection can slope mward or
outward relative to the interior surface 45 of the first section of the housing.

[6158] The downward projection can have side walls 62 that extend downward in
a dircction substantially parallel to a central longitudinal axis 2 of the housing 18, In some
embodiments, the side walls can taper toward cach other as they extend downward. The side
walls 62 can attach to the interior wall or surface 114 of the lower section 112 of the housing.

8151} At a lower end of the downward projection 68, the projection can have
alignment surfaces 64 that angle inward from the side walls 62 toward a bottom edge 66 at a
lower tip of the projection. In some embodiments, the codge &6 can be gencrally
perpendicular to the central axis 2. In some embodiments, however, the thnermost point of
the edge can be above or below the outermost point of the edge, such that the edge is not
perpendicular to the central axis. Each alignment surface can join with a respective side wall
at a side edge 67. In some embodiments, the side edges can be generally perpendicular to the

central axis 2. In some cmbodiments, the innermost point of one or more of the side edges

239,
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can be above or below the outermost point of the same edge, such that the edge is not
perpendicular to the central axis.

16182 In some cmbodiments, the alignment surfaces 64 can be helical surfaces
(i.c. have a twist between thetr edges 66 and their corresponding side walls 62) that can help
guide the first housing into position with the sccond housing 28, as discussed further below,
The helical nature of the alignment surfaces of the illustrated embodiment is more casily
visible in Figure 7.

(81531 With continued reference to Figure 6, the alignment surfaces 64 are
preferably symmetrical about a vertical plane on which the longitudinal axis 2 lies, as
ithastrated.  The aligrnment surfaces can have a height hs, measored with respeet to the
outermost point the edge 66 to the outermost point of the side edge 67. The alignment
surfaces can also have a width wyg, measured with respect to the same reference points as the
height. The ratio of the height ks to the width wyg can correlate to an angle, or “pitch”, of the
alignment surfaces. The pitch of the alignment surfaces 64 can also help guide the first
housing mito position with the second housing, as discussed below,

HERESY Figure 7 illustrates a bottom perspective view of the first housing 18, and
Figare § illustrates a bottow view of the housing. The illustrated embodiment has two
downward projections 68 positioned on opposite sides of cach other within the interior space
69 of the first housing 18, The projections can be thought of as being positioned on a circle
centered around the longitudinal axis of the housing 18, and the interior surface 63 of cach
projection can have a radius B,. The downward projections can also have an angular width
@ that bounds either side of the interior surface of cach projection. Preferably, as illustrated,
the side walls 62 of cach projection cach lic on a plane and are oriented such that the
intersection of the side wall planes forms the same angle @6 In some embodiments,
however, the side wall planes can form angles that are greater than or less than the angle a4
of the interior surface 63 of the projection.

[B155] In some embodiments, the first housing can have only one downward
projection, and in some embodiments, it can have more than two downward projections,
When the first honsing has more than one downward projection, they can be symmetrically
spaced around the longitudinal axis 2 of the first housing, as the two projections iHustrated in

Figure § arc. As discussed further below, this symmetrical spacing can make proper
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alignment and assembly of the medical connector casier. In some embodiments, meluding
two downward projections facilitates the connection between a first housing 18 and second

housing 20 in a particular rotational arrangement relative to cach other,

SECOND HOUSING

[8156] Figure 9A illustrates a top perspective view of the second housing 28,
The second housing can have one or more upward projections 78, Like the downward
projections 68 of the first housing 18, the upward projections 78 can be thought of as being
positioned on a circle centered about a central longitudinal axis of the second housing 26,
and the interior surface 73 of cach projection can have a radius Ry (visible in Figure 10), In
the illustrated embodiment, there are two upward projections. In some embodiments, the two
projections can be on opposite sides of the circle. In some embodiments, the second housing
can have fewer or more than two upward projections.  As with the first housing, when the
sccond housing has multiple projections they can be symmetrically positioned around the
central longitudinal axis 2.

[B157] In some embodiments, the number of upward projections can correspond
to the number of downward projections 68 in the first housing 18, Like the downward
projections, cach upward projection 78 can have two side walls 72 that extend vpward in a
direction substantiaily parallel to the central longitudinal axis of the second housing 28, In
embodiments where the side walls 62 of the downward projections 68 taper toward each
other, discussed above, the side walls 72 of the upward projections 78 can taper toward each
other at the same angle.

[B158] Each upward projection can also have two alignment surfaces 74 that
angle from the side walls toward an upper edge 76 at an upper tip of cach projection. The
alignment surface 74 and sude walls 72 can join at side edges 77. Like the downward
projections 66, in some embodiments, the upper edge 76 can be generally perpendicular to
the central axis 2. In some embodiments, bowever, the wnermost point of the edge can be
above or below the outermost point of the edge, such that the edge 15 not perpendicular to the

i
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central axis.  Sumilarly, in some embodiments the side edges can be generally
perpendicular to the central axis 2. In some embodiments, the innermost point of one or

more of the side edges can be above or below the outermost point of the same edge, such that
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the edge is uot perpendicular to the central axis. In some cmbodiments, the upward
projections 78 can include a curved surface 81 configured to direct and center the first
housing 10 as it is coupled to the sccond housing 28,

[6159] Also hike the downward projections 68, in some embodimentis the
alignment surfaces 74 can be helical, Preferably, the alignment surfaces 74 have the same
shape as the alignment surfaces 64 of the downward projections, such that opposing sets of
helical alignment surfaces 64, 74 can be pressed flush against each other. The helical nature
of the surfaces can help promote rotation of the first and second housings relative to each
other while the alignment surfaces are in contact with each other,

[3168] In some embodiments, cach upward projection can also have an opening
78 cut ont of it. The opening can interact with the shoulders 34 of the valve member 38, as
discossed in more detail below,

HHESY Figure 9B illustrates a cross-sectional view of the second housing 28. As
ithastrated and similar to the downward projections 68, in some embodiments the alignment
surfaces 74 of an upward projection are symmcetrical about a vertical plane on which the
longitudinal axis 2 hies. Also like the downward projections, the alignment surfaces can have
a height hg, measured with respect to the outermost point of the upper edge 76 to the
outermost point of the side edge 77. The alignment surfaces can also have a width wys,
measured with respect to the same reference points as the height hg. The ratio of the height
b to the width wys can correlate to an angle, or “pitch”, of the alignment surfaces 74.

[6162] In some embodiments, the pitch of the alignment surfaces 74 of an upward
projection 78 can be generally the same as the pitch of the alignment surfaces 64 of the
downward projections 68. In some embodiments, their pitches can vary. Preferably, the
pitch of the alignment surfaces of the upward and downward projections is steep enough
such that the first housing 16 and the sccond housing 28 do not bind when they are pushed
together and their respective alignment sarfaces contact each other. Preferably, the pitch of
the alignment surfaces s shallow enough such that a sofficient “twist” of the alignment
surfaces to promote rotation between the first and second housing can be in place. In some
embodiments, the ratio of the height by to the width wys of the alignment surfaces 74 of the
upward projections 78, and the ratio of the height hs to the width wyy of the alignment

surfaces 64 of the downward projections 68 (visible in Figure 6), can be greater than or equal
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to about 0.5 and/or less than or equal to about 1.5, In some embodiments, this ratio can be
greater than or equal to about 0.25 and/or less than or equal to about 2.

1G163] Figure 98 also illustrates the Lucr cannula 86 of the lower housing 28, In
some embodiments, the Luer cannula 86 can have an upper section 87 and a lower section
88. In some embodiments, the upper and lower sections can be distinguished by their cross
sectional profiles, specifically with regard to their inner diameters. For example, in the
ithastrated embodiment the lower section 88 can have a profile that tapers from the bottom of
the cannula 86 to the upper section 87, In other words, the inner diameter {(and the
corresponding cross sectional arca) can decrease from the lower end of the cannula to the
upper section.  As illustrated, this decrease is linear, but in some embodiments it can be
nonlincar. In some embodiments, in contrast, the upper section 87 can have vertical interior
walls, such that the inner diameter 1B, of the upper section 87 is generally constant. In some
embodiments, the outer diameter O of the upper scction 87 can be generally constant as
well. In some embodiments, the outer diameter of the upper scction can vary, even if the
inner diameter is generally constant,

[6164] In various embodiments the upper section 87 and lower section 88 of the
Luer cannula 86 can occupy different proportions of the Luer cannula. For example, in some
embodiments where the upper section has vertical interior walls, the upper section can
occupy at least five percent of the length of the Luer cannula. In some embodiments, the
Upper section can occupy at least ten, twenty, at least thirty, at least forty, or at least fifty
percent of the Luer cannula. In some embodiments, the upper section with a constant inner
diameter Ey can be greater than or equal to about S percent and/or less than or equal to
about 15 percent of the total length of the Luer cannula. In some embodiments, the upper
section can be can be greater than or eqgual to about 10 percent and/or less than or equal to
about 30 percent of the total length of the Luer cannula.

(8165} Similarly, in some embodiments where the upper section has vertical
interior walls, the ratio of the upper section o the fower section can be at least approximately
1:20, at least approximately 110, at least approximately 1:5, at least approxumately 114, at
icast approximately 1:2, or at least approximately 111, In some embodiments, the ratio of the
upper section to lower section can be approximately 1:8.5. In some embodiments, the ratio

of the upper section to the lower section can be greater than or egual to about 1:20 and/or less
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than or equal to about 1.5, In some embodiments, the ratio of the upper section to the lower
section can be greater than or equal to about 1:10 and/or less than or equal to about 114,

{1166} Figure 98 also illustrates an upper surface or upper boundary 79 of an
opening 78 of an upward projection 78. In some embodiments, the upper boundary 79 can
be approximately level with the side edge 77, In some cmbodiments, the upper boundary 79
can be below or above the side edge. Further, in some embodiments the very top of the
upper section 87 of the Luer canmula 86 may extend to a position short of the upper boundary
7%, In some embodiments, it can be approximately level with the upper boundary or extend
above the upper boundary.

i3167] Figure 10 illustrates a top view of the second housing 20. As illustrated in
Figure 10, the upward projections 78 in the second housing 2§ can form two gaps 71 between
them. The gaps can have an angular width @, defined as the angle bounding the gap (e, the
angle that bounds adiacent sides of the interior surfaces 73 of adjacent projections).
Preferably, as illustrated, the side walls 72 of each projection each lie on a plane and are
oriented such that the intersection of adjacent side wall planes of adjacent projections forms
the same angle @7 as that of the gaps. In some embodiments, however, the side wall plances
can form angles that are greater than or less than the angle @y that bounds a gap. In some
such embodiments, the planes of the side walls 62 of the downward projections 68 can form
angles that correspond with the angles formed by the planes of the side walls 72 of the
upward projections 68. In cmbodiments where there is a single upward projection 78, the
gap 71 can be defined as the angular width between opposite side walls 72 of the same single
projection,

1168} The angular width @ of the gap 71 can be substantially the same or
shightly wider than the angular width ¢ of the downward projection 68 of the first housing
18. In some embodiments, this can mean that the sum of the angular width ¢, of the gap 71
and the angular width s of the downward projection 68 of the first housing s approximately
180 degrees. In some embodiments, the radius Ry of the inner surface 63 of the downward
projections 68 can be substantially the same as the radius Ry of the inner surface 73 of the
upward projections 78, These relationships can help to ensure proper alignment of the first

housing 18 and second housing 28 when the medical connector is assembled, with regard to
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positioning the housings 18, 20 such that their respective central longitudinal axes coincide,
and also with regard to rotational alignment.

3169 Rotational alignment can be assured in part because it the first housing 18
is musaligned when it 18 placed onto the second housing 28, the interaction between
alignment surfaces 64 of the downward projections 68 and alignment surfaces 74 of the
upward projections 78 will tend fo twist the housings relative to cach other until the
downward projection 68 slides into the gap 71, The matched helical nature of the alignment
surfaces can allow for a smoother rotation that requires less force and creates less stress
within the components.

(3178 When a downward projection &8 is properly located within a gap 71, the
side walls 62 of the downward projection 68 will preferably be adjacent side walls 72 of one
or morc upward projections 78, preventing rotation of the housings relative to cach other. In
the hustrated embodiment, the first housing 18 can fit within the second housing 28 1 one
of two positions, a first position and a second position in which the first housing is rotated
188° rclative to the first position, The number of available positions can depend on the
number of projections. For example, in embodiments where there are three upper projections
and three downward projections, the housings could fit together in one of three different
positions.

(171} The fit between the projections 68, 78 also cnsures alignment of the
longitndinal axes of cach housing because in both the first position and second position {or
other positions where the housings have more than two projections) the central axes of each
housing are aligned. There can be no other positions in which the first housing 18 and
second housing 28 can fit together, Additionally, because the valve member 38 can be
attached to the first housing 18 from the mold as it is formed, proper alignment of the valve
member within the housings can be assured.

(8172} With reference to Figure 9A, proper alignment of the valve member 38
when the medical connector is fully assembled can help ensure that the shoulders 34 of the
valve member 38 can fit within the recesses or openings 78 of the second housing 28, This
can help keep the valve member in tension, as discussed in more detail below. Once the
alignment surfaces have positioned the first and second housing in proper orientation with

respect to each other, the housings can be pushed together until the annular projection 28
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snaps into the annular recess 18 in the first housing 18, In some embodiments, the annalar
recess is positioned on the sceond housing 20 and a corresponding annular projection is
included on the first housing 18, such recess and projection cooperating together like recess
18 and projection 28 to inhibit axial movement between the housings 18,24,

[6173] In some embodiments, the first housing and the second housing can have

multiple stable positions relative to cach other, as described in greater detail below,

ASSEMBEIES

{61741 Figures 11A and 1B illustrate the first housing 18, the second housing
20, and the valve member 38 during a first stage of the assembly process when
manufacturing the connectors. In a sccond stage of the assembly process, the valve can be
stretched toward the cannula 86 and positioned around at least a portion of the cannula, as
discussed below,

[6175] Figure 11A is a cross-sectional view of the medical connector 1 and
Figure 11B is a cross-sectional view of the connector at approximately 90° from the view of
Figure [1A. As tllustrated in Figure 11A, the valve member 38 can be molded into the first
housing 18 10 an orientation such that the shoulders 34 are w alignioent with the upward
projections 78 of the second housing 18 once the first and second housings arc placed
together. Because the valve member 38 is formed of a flexible material, as discussed above,
the shoulders 34 can compress inward from the pressure of contact with the upward
projections 78, allowing the valve member 38 to {it between the upward projections.

[8176] In some embodiments, the valve member 3¢ and the first housing 18 can
be molded together as part of a two-shot injection mold, In some embodiments, the valve
can be molded around a core pin (not Hustrated) that can define the internal cavity 38 and
the lead lumen 36, A first sleeve (not shown) positioned around the core pin can define at
icast some of the outer surfaces of the valve. In some embodiments, the core pin can extend
above the first sleeve and the top of first sleeve can extend to a position below the second
scction 46 of the Luer connector region 40, This can allow the material that forms the valve
to flow into direct contact with the interior wall 47 of the second section, forming the lip 52.
In some embodunents, the material that forms the valve can also flow into direct contact with

the interior wall 45 of the first section 44 of the Luer connector region 48, forming the lower
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fip 82°. Further, in some embodiments the molding process can be configured to allow the
material that forms the valve to flow above the second section 46, such that the height hy of
the lip 32 (illustrated in Figures 4A and 4B) is greater than the height hy of the second
section 46 (illustrated m Figure 6). In some embodiments, the molding process can be
configured to allow the material that forms the valve to flow above the second section 46, but
only enough o form a dome on the top surface 88 of the valve while keeping the height by of
the lip 52 gencrally equal to the height hy of the sccond section 46. Figures 11A and TIB
itlustrate a valve member 38 and first housing 18 molded in this manner. The description
provided with respect to Figures 33A-35B provides more details of various embodiments of a
molding process and molding assembly.

[6177] The valve member can also be formed with a height such that the lead
lumen 36 of the valve member does not reach the cannula 86 when the first housing 18 and
second housing 24 have first been joined together. The valve member at this point is in a
generally relaxed, fivst state. Also visible in Figures 11A and 1B is a gap between the valve
member 3¢ and the cannula 86 when the first housing and the second housing 28 are first
placed together. When the connector is fully assembled and it a second stage of the
assembly process, the valve member can be stretched downward and the lead humen 36 can
surround a portion of the cannnla 86. This is a sccond state of the valve member, one
embodiment of which is tllustrated in Figures [2A and 12B.

1G178] With continucd reference to Figures 11A and 11B, in some embodiments
an inner diameter By of the lead lumen 36 (visible in Figures 4A and 4B) can be less than an
outer diameter G} of the upper scction 87 of the cannula 86 (visible in Figure 98). Thus, in
some embodiments, for the lcad humen to {1t around the cannula it must be stretched. The
ratio between the fnner diameter of the lead lumen ID; and the outer diameter of the upper
section 0¥, can depend on the particuiar physical propertics of the material used to construct
the valve member 30, Desirably, the ratio 1s such that the valve member 38 and lead humen
36 will maintain a tight fit around the cannula that docs not allow fluid to cscape, but that
also docs not impose an amount of stress on the valve member such that it unexpectedly

breaks down, tears, or otherwise fails to function as desired.
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[3179] The ratio between the inner diameter Iy of the lead humen and the outer
diameter O of the upper section of the cannula 86 can also depend on the desired tension
within the valve member. The greater the tension in the valve member, the fower the ratio
will need to be in ovder to maintaim a fit tight enough for the lead tumen 36 to rervain in place
around the cannula 86, In some embodiments, the ratio can be greater than or eqgual to about
0.4 and/or less than or equal to about (.8, In some embodiments, the ratio can be greater than
or equal to about 0.5 and/or less than or equal to about 0.9,

(G188 Similarly, the ratio between the inner diameter 113y of the lead lumen 36
and the bottom width ws in the plane of Figure 1A (both measurements visible in Figore
4A} can be modified to, among other things, control the tightness of the scal between the
cannula 86 and the lead lumen 36, In some embodiments, this ratio 1I¥/ws can be greater
than or equal to approximately 1 and/or less than or equal to approximately 2. In some
embodiments, the ratio can be greater than or equal to about 0.5 and/or less than or equal to
about 3. The ratio between the mner diameter 11¥ of the lead lumen 36 and the bottom width
wyp i the plane of Figure 1B (both measurements visible in Figure 4B) can be similarly
moditied. In some embodiments, this ratio I}/wye can be greater than or equal to
approximately 1 and/or less than or equal to approximately 2. In some embodiments, it can
be greater than or equal to about 0.5 and/or less than or equal to about 3.

(181} “ontinuing with respect to Figure 11A, and as described with respect to
Figare 9B, in some embodiments the very top of the upper section 87 of the cannula 86 can
vary in position relative to the upper opening boundary 79, These various positions can
affect how much of the cannula will be surrounded by the lead lumen 36 (and in some
embodiuments portions of the internal cavity 35) when the valve member 36 is in the second
state.

{81821 Figares 12A and 12B illustrate the medical connector 1 once it has been
fully assembled and the lcad lumen 36 has been stretched around the cannula 86, Figure 12A
illustrates the same cross-sectional angle as Figure 11 A, and Figure 128 iliustrates the same
cross-sectional angle as Figure 11B.

iB183] To position a valve member 38 around the cannula 86, an msertion device
or cannula (not shown} can be inserted through the slit 32 of the valve member and into the

internal cavity 38, In somce embodiments, the insertion device can be a generally hollow
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cannula configured similar o a standard male her. In some embodiments, the insertion
device s sohid at the end that is directed into the valve member 30 to position it. In some
embodunents, the insertion device can be hollow and can have an inner diameter at its lower
tip that is at least shightly larger than the outer diameter OB, of the upper section 87 of the
caninula 86, The msertion device can be inserted into the internal cavity 35 and pushed
downward until it reaches the lead lumen 36. In some embodiments, the insertion device can
have stretched the valve member 38 downward from the first state, placing the valve in
tension of mncercasing the tension in the valve when the insertion device has reached the lead
famen 36, In other embodiments, the shit profile is wide enough to permit the insertion
device to reach the lead lumen without putting the valve in tension or increasing the tension
in the valve.

(1841 In embodiments in which the insertion device has a generally hollow end,
the msertion device can be jnserted to extend mto the lead hwven ontil the lead lumen
surrounds the insertion device and the insertion device is positioned around a portion of the
canmia 86 of the second housing 28, In some embodiments, the internal cavity 35 can
melude a tapered portion 137 (visible in Figure 11A). The tapered portion can make it easier
for the insertion device to enter and expand the lead lumen as the msertion device is moved
into the valve member 36,

[B185] As the valve member 30 1s streiched toward the cannula 86, the shoulders
34 can move down as well. The valve member can be pushed at least far enough down such
that the top surface 136 of the shoulders 34 reach the openings 78, The valve had been
compressed with the shoulder against the surface of the upward projections 78, but because
the valve member 38 1 formed of a flexible material the valve and shouolders can expand
back outward when they reach the openings, snapping into the available space,

{1186} At this point, the valve member 38 is preferably positioned around the
msertion device, which in some embodiments can also be positioned around the cannula 86
of the connecting device. The insertion device can then be withdrawn, and the stretched lead
fomen 36 can be prevented from being withdrawn with the insertion device by the interaction
between the shoulders 34 and the upper opening boundary 79, which will place a downward

force on the shoulders 34. The valve member will preferably remain in this second state.
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[G187] In some embodiments, an msertion device does not need to extend all the
way to or be positioned around the cannula 86, In some embodiments the insertion can be
sized such that as it is inseried into the valve member 38, it contacts a wall of the internal
cavity 35 of the valve member, Friction against the wall of the valve member can be
sufficient to push the valve member down as the insertion device is inserted further, The
botiorm 58 of the valve member can contact the upper section 87 of the cannula 86,
compressing the valve member and causing the lead lumen 36 to widen. The friction
between the wall of the interior cavity of the valve member and the insertion device can be
sufficient to compress the bottom of the valve member until the lead lumen becomes wide
enough and move around the upper section of the cannula 86, As the nsertion device is
inserted further, the lead lumen can slide further down the cannula until the shouvlders 34
move into position within the openings. This can be accorplished without the imsertion
device reaching the fuer canmula 86, When the shoulders are imto position within the
openings, the insertion device can be withdrawn.

(3188} When the insertion device is withdrawn, the lead humen 36 can remain
around at least a portion of the cannula 86, naturally returning toward its original width and
forroing a tight fit. Once the valve member has been positioned around the canmnula 86, a
substantially straight fluid flow path exists in the medical connector 1 that runs from the top
3¢ of the valve member, through the internal cavity 38, into the cannula 86, and out the
cannula 86 and out of the medical connector.

(6189} The length of the canmula 86 that remains surrounded by the valve
member 30 can be the difference between the height hy of the shoulder 34 as deformed in the
second state {i.e. the distance from the top surface 136 of the shoulders 34 to the bottom S8
of the valve member 38) and the distance by from the top of the cannula 86 to the upper
opening boundary 79, In embodiments where the cannula extends above the upper opening
boundary, the portion of the canvula that remains sarrounded by the valve member can be the
sum of these distances by hg. In some embodiments, as illustrated, the valve member can
remain positioned around the upper section 87 of cannuia 86 and a portion of the lower
scction 88, In some embodiments, the valve member romains positioned around just a

portion of the apper section §7.
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[6198] Because the location of the upper opening boundary 79 can help determine
the second state of the valve member, the upper opening boundary can be positioned
according to a desired tension. More specifically, it can be useful to refer to a ratio of two
distances: the distance by from the lower lip 527 of the first housing 18 to the upper opening
boundary 79 {or the top surface 136 of the shoulders 34 when the valve member s in the
second state as illustrated)}, and the distance Bye {visible in Figure 4A) from the bottom
surtace 54’ of the lower lip 527 to the top surface 136 of the shoulders 34 when the valve
member is in the first state. The ratio is gencrally greater than or equal to about 1.5 and/or
iess than or equal to about 2.5. In some embodiments, the ratio can be greater than or equal
to about 1.25 and/or less than or equal to about 3. This ratio can affect the amount that the
valve stretches when in the second state.

(1911 In various embodiments, it can also be useful to refer to changes in height
of the valve member between the first state and the second state. In some crubodiments, the
height of the valve member can be defined from the bottom 58 of the valve member to a
lower lip 827 of the valve member. Thus, a height of the valve member in the second state
can be defined as the sum of the heights hy and he, while a height of the valve moember in the
first state can be defined as the sum of the heights hye and by (illustrated in Figure 4A) In
some embodiments, the height of the valve member can be defined as the height from the
bottom 38 of the valve member to any preferred location on the top surface 54 of the valve
member, such as the nppermost point of the top surface or the location of the top surface
immediately adjacent an upper surface 49 of the Luer connector region 48, In some
embodiments, the ratio of the height of the valve member in the second state to the height in
the first state can be greater than or equal to about 1.0 and/or less than or equal to about 1.8,
In some embodiments, the ratio can be greater than or equal o about 1.1 and/or less than or
cqual to about 1.3,

161921 When the valve 38 is placed or increased in tension it can be braced near
its top by the ledge 48, which can provide a reaction force against the Iip 82, In some
embodiments, the valve can be further supported by the outer surface of the lip 52 contacting
the interior wall 47 of the second section 46 of the first housing 19, and/or the outer surface

of the lower lip 82° contacting the interior wall 45 of the first section 44 of the first housing.
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[3193] The tension within the valve member can produce a number of effects,
One such effect is that the top 838 of the valve member can tend to be pulled downward
toward the Luer connector region 48. Although the seating of the valve member within the
Luer connector region, as discussed above, can support the valve member as the insertion
device stretches it downward, the portions of the top of the valve member that are more
centrally located may flex down and into the housing. It is for this reason that the valve
member 34 can have a domed top surface 88 when the valve member 1s 1 its fivst state, as
illustrated m Figures 1A and 11B. When the valve member is in the second state and the
top 58 is pulled downward, the dome can flatten out. In some embodiments, the valve and
housings can be configured according to combinations of the ratios discussed above such that
the valve in #ts second state has a flat top surface 56, This can make it easier to swab the
surface and prevent accrual of bacteria or other clements that can increase the risk of
nfection,

(6194 Another result of the tension within the valve member 38 is that the top 58
of the valve member can experience compression in a plane perpendicular to the vertical
stretching of the valve member. This compression can keep the shit 32 more tightly closed at
the top surface 58 of the valve, gencrating a tighter seal for the connector,

[B195] Figares 13A and 138 illustrate an embodiment of the medical connector
where a medical device 98 has been attached to the first housing. Figure 13A 1S a cross-
sectional view taken from the same angle as the view in Figure 12A, and Figure 13B is a
cross-sectional view rotated approximately 90° and showing the same side as Figore 128,
The medical device 98 can have a Luer cannula 96 that extends through a cavity 92 of a
connecting region 94, The connecting region can have internal threading 98 that can be
configured to mate with the threads 42 of the Luer connector region 48 of the first housing
18. The Luer cannula 96 can enter the valve member 34 through the shit 32 (not visible) and
can cxtend into the internal cavity 35 as the connecting region 94 is screwed onto the medical
connector. In some embodiments, the Lucr cannula can be configured to be inserted until the
connecting region 94 contacts the outer ledge 41. In some embodiments, the Luer cannula 86
can be configured to extend past the outer ledge 41, or in some cembodiments the Luer

cannula may not have an outer ledge, such that the Luer cannula can be mserted until the
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connecting region contacts the shoulder 16 of the first housing 18, preventing further
insertion of the Luer cannula 96,

{31961 As the Luer cannula 96 oxiends into the valve member 38, friction
between the valve member and cannula can tend to streteh the valve member 38 and create
additional tension. In some embodiments, this additional tension can cause the valve to slide
farther down the cannuola 86 of the second housing 28, and the shoulders 34 of the valve
member can move off of the upper opening boundary 79 and farther into the opening 78, In
some embodiments, however, as illustrated, the shoulders can remain against the upper
opening boumdary even as the Luer cannula 96 15 inserted into the valve,

16197] In some embodiments, the connector § can be configured to receive a
medical device 98, or a medical device can be configured to attach to the comnector, such that
the Luer cannula 96 extends only partially mto the slit 32, The cannula can extend far
enough into the slit to open it, but not all the way through the slit and into the internal cavity
35, In some embodiments, using a medical device 98 configured o this manner can cause
the expansion of the slit to be greater than the volume occupied by the cannula within the
valve 3. This can create neutral or even positive flow when the Luer cannula 86 is
removed, such that fluid 1s not sucked back up the valve,

G198 Once the medical device 98 has been inserted into the medical connector
1, a fhuid flow path can exist from the medical device into the valve merober 38 and o the
canmila 86 of the Luer connector region 84 of the second housing 28. As discussed above,
the first housing 10 and second housing 28 are preferably confignred such that their central
longitudinal axes are generally in alignment when the housings are joined together. In some
embodiments, the medical device 90 can attach to the medical comnector 1 such that the
iongitudinal axis of its Luer cannula 96 1s similarly aligned, and the fluid flow path can be
substantially straight.

(8199 From the cannunla 86, fluid can flow into a second medical device {(not
illustrated) that can attach to the sccond housing 26, Like the first housing 18, the second
housing can have a Luer connector region 88 to facilitate joining the connector 1 to medical
devices with female Luer connectors or other types of connections. The Luer comnector
region 88 can include a cavity 82 with internal threads 84, and the cannula 86 can extend

downward to provide a connection with another medical device, such as a catheter hub, In
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some embodiments, other interfaces and connections can be nsed in place of or in addition to
the Luer connector region 88, such as Lucr slip connections, barbed hose fittings, ctc,
Similarly, though referred to herein as a luer cannula 96, the medical device 98 may include
a differcot shape cannula and the upper luer connection region 48 of the first housing 16 can
be contigured to accommodate aliernative shapes.

2041 In some embodiments, fhud flowing through a medical connector at high
flow rates {e.g. about 450 mulliliters per minute) can develop air bubbles, especially when
flowing from down to up (i.c. from the male Luer connector region 88 to the female Luer
connector region 48). When blood s flowing through a medical connector, this can cause
hemolysis. Embodiments with straight, vertical walls of the upper section 87 of the cannula
86, discussed above, can help prevent the development of such bubbles.

(62011 Additionally, in certain embodiments it can be desirable to have a
mechanism for venting the interior space 6% of the first housing 1. For example, it may be
desirable to allow air or other gases to escape from the micrior space 69 of the first housing
while the first housing is attached to a medical device. Additionally, a venting mechanism
can allow air or other ambient gases to enter the interior space 6% while a medical device is
removed from the first housing 30 in order to help prevent a vacuum forming that can lock
the medical device to the housing or make its removal difficult. A venting mechanism can
also allow water, cleaning or disinfecting solutions, or other liguids to escape the interior
space 69 while the first housing 18 is connected to a medical device.

(6202} In some embodiments, a gap 9 between the first housing 18 and the
second housing can help create a venting mechanisin. The gap 9 can lead to the openings 78,
creating a fluid connection from the ambient environment outside of the connector 1, through
the gap 9, through the openings 78, and into the interior space 69 of the first housing, This
connection can serve as a venting mechanism,  In some embodiments, the gap 9 can be
greater than or equal to about 0.1 millimeters and/or less than or equal to about (.2
millimeters, In some embodiments, the gap can be greater than or equal to about 0.05
millimeters and/or less than or equal to about 0.3 millimeters. In some embodiments, the first
and sccond housing can be constructed such that no gap exists between the first housing and

second housing, or such that no functional gap exisis between the housings.
bl fodl
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VALVE INSERTS

13203] Figure 14 illustrates one embodiment of a medical connector 101, The
embodiment of Figure 14 and the embodiments described below are similar in many respects
to the embodiments described above. To the extent that specific differences are not
provided, sitotlarly numbered elements can be counsidered to have similar functions fo
clemnents previously described. Similarly, components that are not specifically called out or
discussed can be considered to function similarly to their counterparts described elsewhere
herein.  Additionally, to the extent possible, it is conterplated that elements of any
embodiment discussed in this disclosure can be combined with other elements of any other
embodiment,

82041 Like the embodiments discussed above, the embodiment of Figure 14
comprises a housing 1888 and a valve member 1038 positioned at least partially within the
housing. The housing 1888 can include a first housing 1618 and a second housing 1828, As
described above, the second housing 1828 can inchude elements designed to improve a grip
on the medical connector. In some embodiments, as illustrated, the second housing 1628 can
melude elevated ridges 1824, The elevated ridges 1824 can be a series of curved ares that
ron up from a lower end of the housing toward an upper end of the housing, turn, and run
back toward the lower end of the housing. This shape can make it casier for the fingers of an
individaal that grips the connector to slide up along the housing 1628 until they reach the
curves of the elevated ridges 1824, which can arrest motion of the fingers relative to the
housing. In some embodiments, as illustrated, the ridges can be farther apart from each other
toward a lower end of the second housing 1028 than they are toward an upper end of the
sccond housing, The relative proximity of the ridges 1824 at the upper end of the housing
where they curve can increase the arresting effect of the ridges on the sliding motion of a
user’s fingers.

(6205} Also, as described above, the cuter surface 1022 of the second housing
1628 can have a concave profile along a path from the upward facing surface 1021 to the
iower edge 1026 of the second housing, In some embodiments, and as illustrated here, serics
of elevated ridges 1024 can be closest to each other near the deepest point of the concavity in
the sccond housing 1026, This can help improve the gripping surface because if a user grabs

the connector toward a lower end of the second housing, his or her fingers will naturally slide
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along the senies of elevated ridges 1824 and toward the lowest point of the concavity where
they will be in contact with the curved, more tightly packed sections of clevated ridges 1624,

(12861 Figure 14 also illustrates one embodiment where the height of the first
housing 1818 (i.c., the distance from shounider 1616 to bottom surface 1811) is less than the
height of the second housing 1128 {e.g., the distance from the lower edge 1826 to the upward
facing surface 1021).

162871 Figures 15A-15C illustrate one embodiment of a valve member 1636 that
can be configured to be used in a medical comnector 1881, such as the connector of Figure
14, The valve member #1838 can also be configured for use, however, with other
embodiments of medical connectors described above and below. Figure 15A illustrates a
perspective view of the valve member 1838, and Figores 14B and 14C illustrate cross-
scctional views of the valve member 1838 taken from cross sections rotated approximately
90° relative to cach other. Figure 15B is a cross sectional view in a plane parallel to the
oricntation of the shit 1032 in the valve.

(6208} As above, the valve member can include a top surface 18588, a lip 1652
extending outward from the central body 1833 of the valve member, a flat section 1333 on
the central body, and a lower surface 1854 of the lip. Unlike the embodiments illustrated
above, however, Figures 1SA-15C illostrate an embodiment of a valve member with a single
lip 16852, The valve member 1030 can have a slit 1032 that extends into an mternal cavity
18353, which in turn extends down to a lead humen 1836, In the cross section taken along the
icngth of the slit along the top surface 10358 (i.c. Figure [5B), the internal cavity 1638can
maintain substantially the same width as it extends toward the lead lumen, such that the
width wie; of the slit 1832 at the top 1850 of the valve member is approximately eqgual to the
width wygy at the bottom of the internal cavity 1035, before a tapered section 1137 that
conuects to the lead lumen 1836, In some embodiments, the width wie can be shightly less
or greater than the width at the botiom wiygr. Similar to embodiments discussed above, n a
cross section taken at 88° to the length of the slit, and as visible in Figure 15C, the width of
the internal cavity 1835can cxpand from a point at the surface 1858 of the valve 1836 10 a
width wider than the lead lumen 1836, before reaching the tapered section 1137 to the lead

umen.
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(62091 Also as above, the valve member can inchude two shoulders 1834
positioncd on opposite sides of the valve member. As illustrated, in some embodiments the
top surface 1136 of the shoulders can be generally horizontal and/or can form a gencrally
right angle with the central body 1833 of the valve. In some embodiments, also as
illustrated, the side surface 1138 of the shoulders can be generally vertical and/or form a
generally right angle with the top surface. Further, in some embodiments the outer section
1134 of the valve member can be an outer edge.

[6218] In some embodiments, the width wyg of the internal cavity 1838adjacent
the tapered section 1137 in the plane with the shoulders (i.e. the plane of Figure 15B) can
vary from the width wyyy of the internal cavity adjacent the tapered section in the plane
rotated 90 degrees from the plane with the flat section 1133 (i.e. the plane of Figure 15C).
As itiustrated, the width wyg in the plane with the flat section is greater than the width wig
in the plane with the shoulders. In some embodiments, the width in the plane with the flat
section can be less than the width i the plane with the shoulders. In some embodiments, the
widths can be equal to cach other.

211} In some embodiments, the upper surface 1838 of the valve member 1638
can be flat or nearly flat while the valve member is in a first state, before it 1s placed into the
second state.

i8212] In some embodiments, as tllustrated in Figure 15C, the angle @544 of the
flat section 1133 of the valve member can be approximately equal to the angle @es of the
surfaces 1853 of the internal cavity 1835 in this plane. In such cmbodiments, the width of
the walls of the central body 1833 at the flat section 1133 can remain geverally constant
along the length of the flat section.

[6213] With continued reference to Figures 15A-15C, in some embodiments the
valve member 1838 can be molded around a valve insert 1031, The valve insert can be used
to provide extra support for the valve member as it is stretched and placed into teunsion to
surround a portion of a cannuia, as illustrated in Figures 16A and 16B. The valve insert can
be a rigid ring that is centered on a central axis of the valve. In some embodiments, the valve
msert can be positioned at least partially within the lip 1852, In some embodiments, the
valve insert can have a round or circular cross section, as illustrated, although in some

embodiments it can have other cross sections such as a square, oval, triangle, cte.
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[6214] Figures 16A and 16B illustrate cross sections taken at 997 relative to each
other of valve member 1838 when in a sccond state within a medical connector 1881, Figuore
16A is a cross section taken in the same plane as Figure 158, while Figure 16B similarly
corresponds to Figure 15C. As described above, the first housing 1818 can have a Luer
connector region 1848 that includes a first section 1844 with an inner diameter that is less
than that of a sccond section 1846, and a ledge 1048 between the first and second sections.
The lower surface 18584 of the hip 1852 can scat onto the ledge. As the lead lumen 1836 s
stretched to it around the canmila 1886 (as described above), placing the valve member
1038 1o tension, the valve insert 1831 can brace against the ledge 1048 and provide
additional support for the valve member. This additional support can help prevent the top
surface 1050 from moving downward., In some embodiments, this can help keep the top
surface 1858¢ flat and swabbable. In some cmbodiments where the valve is not molded
within the first housing 1818 the valve insert can help prevent the valve from folding inward
or slipping when pulled into tension,

(6215} Additionally, and as described above, the shoulders 1634 of the valve
mernber can serve to brace the valve member 1830 and maintain it in a second state onee it
has been placed around the cannula 1886, However, rather than snapping into openings
within upward projections of the second housing 1628, the shoulders can have room fo
expand into an upper cavity 1823 of the second housing. The tops of the shoulders can be
positioned beneath a lower ledge 1815 of the first housing 1416, which can prevent the valve
member 1638 from retracting upward and maintain the valve member in tension. In such
embodiments, because the shounlders can expand generally into the upper cavity 1023 of the
second housing, the first and second housing can be assembled together in any alignment.

(6216} Figures 16A and 16B also illustrate an alternative method of joming the
first housing 1818 and the sccond housing 1828, Rather than having an annular recess along
an interior surface of the first housing and an annular projection on an exterior surface of the
second housing that can mate with the annular recess, Figures 16A and 16B illustrate a weld
1018, such as an ultrasonic weld, that can join the two housings. Additionally, in some

embodiments the medical connector can have a cannula 1086 with a constant diameter and
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straight interior walls, In some embodiments, the cannula can have a slight taper from a
lower end o an upper end.

i8217] Figures 17A-17C illustrate onc embodiment of a valve member 20830, The
valve member is illustrated in a second state, and the top surface 2858 is slightly depressed.
As discussed above, however, in different embodiments the top surface 2858 can be flat
when in the second state or slightly convex. It can alse be slightly convex or flat in the first
state. Figure 17A dlustrates a perspective view of a valve 2036, and Figores 178 and 17C
illustrate cross-sectional views of the valve member 283¢ taken from cross sections rotated
approximately 99° relative to each other. Figure 17B 19 a cross sectional view i a plane
parallel to the orientation of the siit 2832 in the valve.

[6218] As iHustrated i Figures 7B and 17C, the valve member 2838 can
comprise a rigid valve msert 2831 which, as above, is a rigid ring about which the valve
member can be over-mwolded. The valve mnsert 2831 can have a generally square or other
shaped cross section. Tn some embodiments, as described above, the valve member can
comprise a first lip 20582 and a sccond lip 2052 below the first lip and not extending as far
outward as the first lip. The second lip can have a lower surface 2084 and the first lip can
have a lower surface 2054,

[6219] In some embodiments, the side surface 2138 of the shoulders 2834 can
have a curved profile, most easily visible in Figure 17B. In some embodiments this curved
profile can be a concavity., Sumilarly, in some embodiments the valve member can have a
curved section 2158 below the flat section 2133 of the central body 2433 of the valve. In
some erobodiments, the internal cavity 2838 can mclude a curved section 2182 that is
adjacent the tapered section 2137 that connects to the lead lumen 2836, In some
embodunents, as iHustrated, the curved section 2132 can be around the entwre circummference
of the internal cavity 2835. In some embodiments, it can be around just a portion of the
circumference of the internal cavity such that its profile is visible in only one of the cross
sections of Figures 178 and 17C.

162281 Figures 18A and 1¥B illustrate cross sections taken at 90° relative to each
other of a valve member 2838 when in a second state within a medical connector 2081,
Figure 18A is a cross section taken in the same plane as Figore 178, while Figure 18B

simtilarly corresponds to Figure 17C.

49,



WO 2014/074929 PCT/US2013/069312

(8221} The valve member 2838 can be used within a housing such as that of
Figure 13 and Figures 16A and 16B, or can alternatively be used in other housing
embodiments, As illustrated in Figures 18A and 18B, in some embodiments with a valve
with first and second {(or upper and lower} lips, the lower lip surface 268584° can seat on the
icdge 2848, Additionally, the lower surface 2034 of the upper lip 2082 can scat on the
uppermost sorface 2048 (an upper ledge) of the Luer connector region 2848 of the first
housing 2818, These two plancs of contact can provide additional support for the valve
member 2038 as it 1s pulled into tension and placed aronnd the cannula 2086, In some
embodiments, the valve jnsert 2831 is positioned at least partially within the upper lip 2082
such that it extends over at least a portion of the upper surface 284% of the first housing. In
some embodiments, the valve insert 2831 can be positioned within the lower lip 2082°, at
least partially below the upper lip 2052 and below the upper surface 2049 of the first
housing.

[6222] Figures 19A-19C illustrate ovne ciobodiment of a valve member 3636,
Figure 19A illustrates a perspective view of a valve 3838, and Figures 198 and 19C illustrate
cross-sectional views of the valve member 3030 taken from cross sections rotated
approximately 90° relative to cach other. Figure 19B is a cross sectional view in a plane
parallel to the orientation of the shit 3832 in the valve.

3223] As illustrated, rather than having a valve insert 3831 positioned entirely
within the valve member 3838, in some embodiments a valve member can be molded about
just a portion of the valve insert 3831, This can allow for a larger valve insert that can
provide a greater amount of support and rigidity for the valve. For cxample, and as
itlustrated, in some cmbodiments the valve insert can be a section of a cylinder that is
attached to the valve within the lip 3852 and that extends from the lower surface 3854 of the
lip to a position outside of the valve and around at feast a portion of the central body 3833 of
the valve. In some embodiments the valve can be overmolded around the valve insert.

6224} This type of valve insert can also provide increased rigidity and support
for the valve member 3030 because, by having the insert extend out of the valve, in some
embodiments the insert can be placed directly against a ledge 3848 of the housing, as

itlustrated in Figures 20A and 20B. Figures 20A and 20B illustrate cross scctions taken at
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90° relative to cach other of valve member 3038 when in a second state within a medical
connector 3081, Figore 20A is a cross section taken in the same plane as Figure 198, while
Figure 208 similarly corresponds to Figure 19C.

8225} The valve member 3838 can be used with the various embodiments of first
housings described above, but depending on the size of the valve insert the first housing 3618
may need to be modified to accommodate the insert.  For example, i the iBustrated
embodiment, the first housing 3016 has a first section 3844 and a second section 3846 with
an inner diameter greater than that of the first section 3844, as discussed above. However, in
some embodiments the height haes of the second section 3846 can be varied to allow the
valve insert 3831 to be positioned against the ledge 3048, while also allowing the lower
surface 38584 of the lip 3858 of the valve to contact the upper surface 3049 of the Luer

connector region 30448 of the first housing 3418,

ROLLING VALVE

{32261 Figures 21-23 illustrate the componenis of an alternative embaodiment of a
medical connector. Figure 21 illustrates the first housing, or outer body, 4818 which can
imnclude a plurality of depressions 4014 positioned around the outer surface 4812 of the outer
body. The depressions can comprise flat or curved side walls 4819 that extend from the
outer surface 4812 to a bottom surface 4017 of the depressions 4814, As illustrated, the
bottom surface 4417 can have a width along a circumterence of the outer body 4018 that can
be approximsately the same as the width of the outer surface 4012 of the outer body between
adjacent depressions.  In some embodiments, the width of the bottom surface 4817 can be
iess than or greater than the width of the outer surface 112 between adjacent depressions,

{6227] The size and number of depressions can vary in different embodiments,
but in some embodiments they are generally oriented symmetrically about the outer body
such that cach depression has a corresponding depression on an opposite side of the outer
body. As discussed above, this can improve the gripping process by allowing the fingers of a
user to be placed on opposite sides of the outer body in order to pinch it while aowing each
finger to be within a depression.  Additionally, the width of the outer surface 4812 between
adjacent depressions can be less than the average width of a thumb or forefinger, or in some

embodiments less than half of the average width of a thumb or forefinger, such that a user’s
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fingers will naturally shde from the outer surface into the depressions when the medical
connector is grasped. Tn some embodiments the width of the outer surface between adjacent
depressions can be greater than or equal to about 0.5 centimeters and/or less than or equal to
about 2 centimeters.

{6228} Figure 22 illustrates an embodiment of an inner body 4020, which when
assembled as part of a medical connector can be completely within or at least partially within
the outer body 4818, The inner body can include a cannula 4686 that rans through the mner
body, with a lower section 4888 of the cannuola extending out below the inuer body from a
Luer connector region 4888, and an upper section 4487 of the cannula extending up above
the inner body from top surface 4821, The muoer body can also inclade an anmular projection
4928 which can be sized and configured to fit within an annular recess 4818 of the outer
body, as iitustrated in Figure 25,

[6229] The inner body can also have a plorality of cutouts 4878 which are cut
into the outer surface 4822 of the inner body and can extend from or near the top surface
4021 downward toward the anmular projection 4028, In some embodiments, the interior
surtace of the outer body can have at least one projection sized and configured to mate with
the cutouts. This mating can help maintain a desired orientation of the inner body relative to
the outer body, and can help prevent rotation once the outer and inner bodies have been
assembled together. Also as illustrated, the cdges of adjacent cutouts 4878 can be angled
away from each other as they run from at or near the top surface 4621 toward the annular
projection 4028, They can also come to a pownt, or edge, at or near the top surface, which
creates a generally triangular shape in the outer surface 4022, as illustrated. This point, or
edge, can make it so that the corresponding projections within the outer body will not jam
against the outer surface if musaligned but will instead naturaily shide mto the cutouts.

{8238 Figures 23A-23B illustrate one embodiment of a valve member 4638,
Figare 23A 1s a perspective view of the valve member, while Figure 23B is a cross-sectional
view. As above, the valve member can include a slit 4832 in the top 4050 of the valve that
extends into an internal cavity 4835 of the valve. As can be seen more clearly in Figure 238,
in some embodiments the internal cavity 2035, rather than being a gradually expanding
opening that extends to a lead lumen as in previous embodiments, can instead run through

the base 484%6 of the valve. Additionally, in some embodiments the cavity can have a
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symmetric jnterior such that it has the same vertical cross section no matter the angle at
which the cross section is taken.

82311 The valve 4838 can also comprise one or more bulging sections 4634
when the valve is in an first state. Each section 4834 can have an inner and outer diameter
that increases from an original value {¢.g. the inner diameter ¥Dyes and outer diameter O3Buga
of Figure 238} to a local maximumn value (e.g. the jnner diameter [Bags and outer diameter
Oy of Figure 23B), and then decrcases to a local mmimum value. This increase and
decrease of the inner and outer diameters creates angled segments 4439 that are angled
relative to the central longitudinal axis 2 of the valve member. In some embodiments, as
illustrated, the inner and/or outer diameters can increase and decrease at a generally constant
rate between curved end segments 4837 of the bulging sections 4834, such that the angled
scgments 483% can have a constant angle. In somce cmbodiments, the outer surface 4148
and/or the inner surface 4146 of the angled segments 4839 can have a varied angle relative to
the longitudinal axis of the valve member. In some embodiments, the slope along any point
of the angled segment 4839 between the curved end segments 4837 can form an angle with
the longitudinal axis that is between about 30° and about 60°.

6232} Because of the angled segments 4839, the bulging sections 4834 can be
less resistant to a compressive force paraliel to the longitudinal axis of the valve 4030 than
other sections of the valve member. In some embodiruents, the angled segments 4839 can be
configured such that when the valve receives a compressive force along its longitudinal axis
{e.g. when a Luer canmula from a medical device is being inserted), the bulging sections 4834
will completely fold n (e.g. such that the slope of the angled segments 4839 approaches
zero) before the shit 4832 opens or begins to open. This is discussed further below.,

[$233] As tlustrated in Figure 238, 1o some embodiments the top 4080 of the
valve member can have a width wyys that is greater than the width wyyy of the upper side
walls 4833 of the valve member. In some embodiments, the ratio waie/ W of these two
widths can be greater than or cqual to about 1 and/or less than or equal to about 2. The
greater relative width of the top 4858 of the valve can make the top 4858 of the valve
mermber and the slit 4832 more resistant to bending and opening when a medical device

connects to the Luer connector region 4048 of outer body 4618, Thus, a greater force is
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required o access the device, which can contribute to a compression of the bulging sections
4034, as discussed below.

{8234 Additionally, in some embodiments the valve member 4838 can have
walls that vary in thickness in different sections of the valve., For example, the upper side
walls 4633 can have a different width than the walls of the bulging scctions 4834, Similarly,
the base 4856 of the valve can have a different width than sections of the walls and of the top
4056, In some cmbodiments, the base can be thicker than any of the walls and thicker than
the top 4858, This can help support the valve as it is compressed.

{82351 Figares 24 and 25 illustrate fully assembled embodiments of a medical
connector 4881 using the clements of Figures 21 through 23B. As can be scen in Figure 24,
the outer body 4018 can completely surround the mner body 4028, with the exception of the
Luer cannula 4086 that extends out below the outer body., Figure 25 illustrates a cross-
sectional view of the assembled medical connector 4681, In this embodiment, the cross-
sectional view 1s not dependent upon the angle at which it 15 taken, but is consistent arovnd
the entire circumference of the connector,

(32361 In some cmbodiments, as illustrated, the valve member 4838 does not
need to be stretched and placed m a second state 1 order to be positioned around the upper
scction 4487 of Luer cannula 4886, The valve member 4036, outer body 4016, and inner
body 4428 can be configured such that the valve member can reach the Loer cannula 4087
while in the first state when the connector 1s assembled. In some embodiments, the nner
diameter of the cavity 4835 at the base 4856 of the valve can be less than the outer diameter
of the canmula 4887 at the top of the cannula, such that the valve may still need to streich to
fit around the cannula. This can help maintain a scal between the valve member and the
cannula that can substantially prevent the passage of hquids. In some embodiments, the
inner diameter of the cavity 4835 at the base 4856 of the valve can be substantially the same
as or greater than the outer diameter of the canmula 4087 at the top of the canmula. In some
embodunents, the valve can be inserted over the cannula until a bottom surface 48538 of the
valve contacts the top surface 4821 of the inner body 4628.

(12371 In some embodiments the bulging sections 44134 can have local maximum

outer diameters OBy that can it within the interior space 4669 of the outer body 4818
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without the valve member 4030 being coropressed from an first state. In some embodiments,
the bulging sections can have outer diameters such that for the valve to fit within the first
housing, the bulging sections 4834 are compressed at least partially by an interior wall 4114
of the housing.

(3238 Also visible in Figure 25 is the arrangement of the valve member 4638
within the outer body 4818, In some embodiments, the valve member does not have a lip
that scats within a ledge m the Luer connector region 4040 as in various embodiments
discussed above. This can allow the valve member to be pressed into the outer housing, and
in some erobodiments out of the Luer connector region 4044 entirely, when a medical device
is connected to the medical connector.  Additionally, the valve member 4638 and mterior
surfaces of the outer body 4818 can be configured to align with each other, thereby helping
mitumize the size of the conmector and unnecessary space within the connector.  For
example, interior surfaces 4615 can be angled at approximately the same amount as the outer
surface 4148 of the angled segments 4839 of the valve member 4038, This can allow the
valve and interior surfaces of the outer housing to be positioned substantially flush with cach
other when the medical connector is assembled. This can also help prevent the valve from
being removed from the medical connector. Similarly, a downward facing iunterior surface
4815° can be positioned over the base 4056 of the valve, helping keep the valve in position
within the medical connector.

[6238] Figures 26 and 27 illustrate cross-sectional views of the medical connector
4001 of Figures 24 and 25 as it is being attached to a medical device 4098, Figure 26
itlustrates the medical connector when it is partially attached to the medical device and
Figare 27 illustrates the medical connector when it is fully attached to the medical device. In
Figure 26, it can be scen that the Luer cannula 4896 of the medical device can assert a
compressive force on the valve member 4838, pushing the valve member into a compressed
position. This compressive force can cause the bulging sections 4834 to compress and fold
against cach other, thereby shortening the length of the valve, which can be pushed into the
outer body 4818, In some embodiments, the width of the top section 4888¢ can be such that
the shit 4832 does not completely open at this point, or in some embodiments has not yet

begun to open.
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[6248] The medical device can be juserted further, screwing into the top Luer
connector region 4648, as discussed above with respect to Figures 13A and 13B. In some
embodiments, the medical device can be inserted until the tip of the connection region 4494
of the medical device 4098 contacts and 1s braced against the upper surface 4813 of the outer
body 4818, At this point, the Luer canmula 4086 of the medical device 4898 can have
extended almost all the way to the Luer cannula 4086 of the inner body 4828, The Luer
cannula 4496 can also have advanced far cnough to complcetely open the shit 4832 of valve

member 4030, creating a clear and direct flow path between the two cannulas,

TEGO TAB

(6241} Figures 28 and 29 illustrate one embodiment of a medical connector 5681,
In various embodiments the medical connector can have any of the features or aspects of the
embodiments discussed above. Figure 2¥ is a cross-sectional view of the medical connector
when fully assembled. As above, the medical connector can include a first housing 5818, a
sccond housing 5028, and a valve member 56386, Also as above, the valve member can have
a top 5858 with a shit 8632 that extends through the top and mto a cavity within the valve. In
some embodiments, the Luer cannula 5086 of the sccond housing 5628 can extend into the
valve 5838 and all the way to a lower surface of the valve top 8454, as illustrated. The valve
top on cach side of the slit 3632 can have a width wsyg measured from the shit 1o the Luer
cannula 5086,

[6242] In some embodiments, the jnner diameter of Luer cannula 5086 can vary
along the cannula’s length, In some embodiments, the Lucr cannula 5486 can have a lower
section 5088, a middle section 8885, and an upper section S87. In some ernbodiments, each
section can connect to the other by a tapered section. For example, in some embodiments an
upper tapered section 5§87 can connect the upper section 3887 to the middle section 5085, In
some embodiments, a lower tapered section 5185 can connect the muddle section S888 to the
iower section S088. Each section can have a constant or a varying inner diameter, and in
some embodimments the upper section $887 can have at least one inner diameter that 1s larger

than any inner diameter of the lower section S888 or the middie section 5685, In some
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embodiments, the middle section 5885 can have at least one nner diameter that s larger than
an mner diameter of the lower section 5888 of the Luer cannula 5086.

(32431 In some embodiments, some sections can have a constant inner diameter
while others can have a variable inner diameter. Further, in some embodiments the imner
diameter of different sections can vary in different directions.  For example, in some
embodiments the upper section S887 can have a generally constant inner diameter or an inner
diameter that decreases from the top of the upper section toward the bottom of the upper
section; the middle section 5085 can have an inner diameter that decreases from the top of
the muddle section toward the bottom of the muddle section; and the lower section 5688 can
have an mner diameter that increases from the top of the lower section toward the bottom of
the lower section.

12441 The upper scction 3887 can have a height Bsig, the middle section 5088
can have a height hsyy and the lower section S088 can have a height hsy;.  In some
embodiments, the height hsie of the upper section can be less than the height Bsyy of the
middie section, which can be less than the height hsyr of the lower section. In some
embodiments, the different sections can have different relative heights or can have equal
heights.

13245 Figure 29 illustrates an embodiment where a medical device 5498 has
been inserted into the medical connector 5681, The middic section 5885 of the Luer cannuia
5086 of the seccond housing 8628 can have an ioner diameter that corresponds to an onler
diameter of the Luer cannula 5896 of the medical device 5698 such that the Luer cannula
B3{¢96 can fit tightly within the middle section 8685, If the outer diameter of the Luer cannula
5096 of the medical device 53888 varies, the inner diameter of the middle section 5885 can
vary accordingly. For example, if the Luer cannula 5896 of the medical device 5694 has a
taper, the middle scction S885 can have an increasing diameter from bottom to top that
imcreases at the same rate the Luer cannula 53896 of the medical device 3898 tapers. This
correspondence can create a tight {it between the two luers, allowing them to mate without
having undesired leakage of fluids passing through the luers. Having the two luers join
directly can also establish more direct flow paths between medical devices attached to cach

end of the medical connector 5461,
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(8246} When the Luer cannuola 3896 of the medical device 5898 is attached to the
medical connector 5481, it can push through the slit, separating cach side of the top 5658 of
the valve member and folding the sides downward. Because any inner diameter of the upper
section 5087 can be greater than an inner diameter of the middle section 5885, in some
embodiments there can be space for cach side of the top 5858 of the valve member 5836 to
fit between the Luer cannula 5696 of the medical device 58980 and an inner surface of the
upper section 5687 of the Luer cannula 5086, as illustrated in Figure 29, In some
embodiments, the height hsye of the upper section 3887 can be greater than the width wsyg of
each side of the valve top 5858, which can help ensure that cach side of the valve top is not
too long to fit into the available space.

6247} The muoer diameter of the upper section 3887 can be configured such that
the gap between the Lucr cannula 5896 of the medical device 5898 and the inner walls of the
upper section 3887 remains at a generally constant value that is approximately equal to the
thickness of the top S658 of the valve member 5630, In some embodiments the width of the
gap can vary, and in some embodiments it can be less than the thickness of the top, such that
the top must compress to fit within the gap. This can create greater friction between the Luer
cannula 3896 and the top S0380, such that when the cannula is removed i can pull the valve

top 5858 up with it, helping return the valve top to its initial position of Fignre 28.

FOUR PIECE EMBODIMENT

[6248] Figures 3G-32B ilustrate one embodiment of a medical connector 6861,
As seen in Figure 30, the housing 6868 can be substantially the same along its outer surfaces
as the housing described with respect to Figure 14, Unless otherwise indicated, the medical
conunector 6881 can be the same as embodiments with valve member inserts discussed above.

1324%] Figures 31 A and 31B iHustrate cross-sectional views of the valve member
6030 taken at approximately 90 degrees from ecach other. As in previous embodiments, the
valve member can comprise a slit extending from a top 6858 of the valve member 6036 to an
internal cavity 6835, which can ultimately join with a lead lumen 6836, In some
embodiments, the mternal cavity 6835and lead lomen 6436 can extend to a position short of

the bottom of the valve 6830, as illustrated. In some embodiments, the internal cavity 68358
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does not extend all the way across the valve {(as illustrated in Figure 31B). This can allow for
an outer cavity 6835° that can extend around at least a portion of the lead humen 6636 and the
internal cavity 6835, In some embodiments, the lead lamen can have an annular projection
6057 along an interior surface thercof, which can be configured to mate with a recess ina
sccond housing, as discussed below.,

[1238] Figure 32 is a cross-sectional view of the connector 6881 when fully
assembled. The Luer cannula 6886 of the sccond housing 6028 can have a lower section
6088 and an upper section 6887 that extends up and mto the first housing 6818, In some
embodiments, the cannula can have a middle section 6883 joining the upper and lower
sections. The upper, muddle, and lower sections can vary in height and inner diamcter
according to the various embodiments described above with respect to Figures 28 and 29,
Similarly, in soroe embodiments the carmula 6086 can be configured such that a cannula (not
shown) of a medical device attached to the first housing 6818 can fit within the cannula 6086
of the second housing 6828, as discussed above. In some embodiments, the canmula of the
medical device can extend to the lower section 6088 or only as far as the middic section 6085
or the upper section 6487,

16251} In some embodiments, an inscrt 6831 can be positioned within the outer
cavity 6835 of the valve member and around at least a portion of the internal cavity
6835and/or the lead lumen 6836, In some embodiments, the valve member 683¢ can be
molded around the insert 6831, In some embodiments, the valve insert can be a substantially
cvlindrical section, or it can be a ving with varying cross sections. The valve insert can help
provide structural support to the valve element.

(8252} As i various embodiments described above, the fead fumen 6836 can be
stretched around the Luer canmula 6686 when the connector 6081 is fully assembled. In
embodiments where the internal cavity 643%and lead lumen 6836 extend to a position short
of the bottom of the valve 6838, as tlustrated, the Luer canmula can be sized and configured
to extend into the valve in order to reach the lcad lumen. The lead lumen can then be
positioned around the cannufa with the help of an insertion device, as described above.

[1233] In some embodiments, the device can be configured such that the valve
clement 6838 must be stretched downward to reach the cannula, although in some

embodiments it does not need to be stretched to reach the cannula. In some embodiments,
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the external surface of the upper portion 6887 of the cannula 6886 can have an anmular recess
6089 that can mate with an annular projection 68587 of the lead lumen 6636, This can help
maintain the lead lumen in posttion. The valve member 6838 can also mmclude a shoulder
6034 that can snap into position beneath a lower ledge 6818 of the first housing 6616, further

helping maintain the valve in position.

MOLDING

3254 As discussed above, in some embodiments the valve members and first
housings discussed herein can be formed as part of a two-shot injection molding process.
The following provides a brief description of that process and of various components that can
be used as part of a molding assembly. The description provided is with respect to the valve
and housing of Figure 2, but the same technigues can be applicd to any embodiments
discussed herein.

[3255] Figures 33A and 33B illustrate exploded views of various components of a
molding assembly. Figure 33A provides a bottom perspective view and Figure 338 provides
a top perspective view, Hlustrated are a first sleeve 218, a second sleeve 228, a core pin 246,
and a housing 18, The housing is formed first as part of the two-shot mjection molding
process, described below, and is illustrated for purposes of explaining the molding of the
valve, which is formed within the housing.

13236] In some embodiments, the first sleeve 218 can have a sleeve access
opening 212 and a projection cutout 214. The second sieeve 228 can be sized and configured
to fit into the slecve access opening 212, An upper end of the second sleeve can have a valve
base projection 222, which can help define the base of the valve when it s molded, as
discussed in more detail below.

3
1
¥

162587] The second sleeve can alse have a central lumen 224 that can be
configured to receive the core pin 248, In some embodiments, the second sieeve can further
have a transverse lumen 226, which can be configured to receive a cross bar 244 of the core
pin. The cross bar can help maintain the position of the core pin within the second sieeve,
and can also be used to define the location of both the first and second sleeves relative to

other components of the mold assembly, as discussed below,
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[3258] In some embodiments, the exterior surface of the first sleeve 218 can
define at least a portion of the interior surface of the first housing 18 when the first housing is
molded. Thus, the projection cutouts 214 can define the downward projections 68 within the
first housing (discussed with respect to Figure 6). Similarly, the interior surface of the first
sleeve can define at least a portion of the exterior surface of the valve member 38 when it is
molded. In some embodiments, the first sleeve 218 can be configured such that the
downward projections of the first housing are in s planc substantially perpendicular to the
shoulders 34 of the valve.

{8259 In some embodiments, the second sleeve 228 can define at least a portion
of the exterior surface of the valve member 38 when it is molded. For example, in some
embodiments the valve base projection 222 can define the bottorn 88, the side surface 138,
and/or the chamfer 13% (all visible in Figure 4A) of the valve.

2641 In some embodiments, the core pin 248 can define at least a portion of the
mterior of the valve member. 1n some embodiments, cavity scction 242 can define the
internal cavity 38 of the valve and at least a portion of the slit 32 (both visible in Figure 4A).
In some embodiments the cavity scction 242 can define the entire shit of the valve, In some
embodiments, the core pin can also define the tapering section 137 and the fead lumen 36 of
the valve {also visible in Figure 4A).

3261} Figure 34 illustrates the first sleeve 218, the second sleeve 226, and the
core pin 244 as assembled according to some embodiments. As visible in Figure 34, the core
pin can have a cavity section 242 that extends past a top surface 216 of the first siceve. In
some embodiments, the first housing 18 can be molded such that it extends above the top
surface of the first sleeve as well, Tn such embodiments, when matenial is injected into the
first sleeve 18 to form the valve, i too can cxtend above the top surface 216, allowing it to
directly contact the first housing.

62621 Figures 35A and 335B illustrate cross-sectional views of the molding
components described thus far when assembled, and also illustrate some additional
components used in an entire assembly, Figure 35A is a cross-sectional view taken in the

plane of shoulders 34 of the valve member 34, and Figure 35B is a cross-sectional view taken
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in a plane rotated approximately 90 degrees from the plane of Figore 35A. In both Figures
35A and 35B the valve member 38 and housing 10 have alrcady been molded.

132631 In some embodiments, a molding assembly can include a base 264 that
sarrounds at least a portion of the first sleeve 210 and/or the second sleeve 228, As
illustrated in Figure 35B, in some embodiments the cross bar 244 can be used to block
motion of the first sleeve 218 and/or the second sleeve 228 relative to the base, in at least one
direction, This can help ensure that the various components of the molding assembly are
properly aligned, and that the valve member 38 and first housing 18 are properly aligned
with each other when molded.

[3264] In some embodiments, a molding assembly can inclade a top section 236,
The top section can define a top of the valve member 38 when it 1s molded. The top section
can be sized and shaped to define the top of the valve member according to the various
embodiments discussed herein,  In some embodiments, the top section can also mclude an
injector 258, As illustrated in Figure 12A, in some embodiments the injector is not centered
on a central axis of the valve member 38, such that in some cross sectional views of the valve
member the injector does not reach the bottom of the top section.

[0265] For the sake of clarity, Figures 35A and 35B do not illustrate all of the
scctions of a molding assembly that would define the outer surfaces of the first housing 18,
The section(s) that arc not illustrated can be configured according to standard injection
molding technigues and can be sized and shaped to define the first housing according to the
various embodiuents described herein

[6266] As described above, the molding process can include a first step of
mjection molding a first housing 18, The first housing can be molded with a first material.
The molding process can then include a step of injection molding the valve member 36, In
some embodiments the valve member can be molded with a second material different than
the first material. The matenials of the first housing and the valve member can be selected so
that the valve member adheres to the surfaces of the first housing that it may contact during
molding.

(6267} Figures 35A and 358 make apparent how, in some embodiments, at least a
portion of the valve member 38 can divectly contact the housing when the valve member is

molded. For example, as illustrated in both figures the very top of the first sleeve 218 may
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not extend to the top of where the first housing 10 is molded. Thus, as illustrated, when the
valve 15 molded the top of the first slecve can define the bottom surface 54° of the lower lip
of the valve, and the first housing and top section 238 can define the exterior surfaces of the
valve member above that point.

[6268] Once the valve member has been molded, it can be useful to remove
certain components of the molding assembly in a certain order in order to be able to prevent
damage to the valve member. For example, with particular reference to the embodiment
illustrated in Figure 354, the core pin 240 can be removed first. This can open the nterior of
the valve member, allowing the valve member to flex inward for removal of other
components. Next, the second sleeve 228 can be removed. 1n some cmbodiments, the core
pin and second sleeve can be removed simultancously.

8269} Once the core pin 248 and second sleeve 228 have been removed, the first
slecve 2318 can be removed from its position around the valve member. In order for the first
sleeve 216 to fit around the shoulders 34 of the valve member in the llusirated embodiment,
the first sleeve will need to compress the valve and/or push the shoulders 34 in toward the
center of the valve, In some embodiments, the valve can be made from silicone, which does
not compress well, In these embodiments, it can be advantageous to have the valve designed
such that the interior cavity of the valve member is large enough to receive at least a portion
of the shoulders when they are pushed inward, thereby allowing the first sleeve to pass. In
some embodiments, the valve can be dimensioned to allow this process to cccur, Some of
these dimensions are discussed with reference to Figure 44, above.

16276] Additionally, to case removal of the first sleeve 218, in some
embodiments the top sorface 136 and the outer section 134 of the shounlder 34 can be
rounded, as described above, The rounded sections can help the sleeve to push the shoulders
mward, allowing the sleeve to pass, rather than catching on the shoulders and possibly
tearing the valve. Once the core pin and sleeves have been removed, the housing 18 and
valve member 36 can be reraoved.

(6271} The two-step injection molding process described hercin can be used to
mold a variety of parts, and is not limited to the housings and valves discussed thus far. The
process can be particularly usetul when molding a fivst part and then molding a second part

within the first part. It can also be useful when the first part is rigid and the second part has
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varying width which may prevent a single sleeve from being used and withdrawn from
around the second part without damaging the part.

(3272} Figure 36 illustrates a flow chart of the steps used to perform a two-step
injection molding process and then remove the molded components. In the first step 318, a
first part 1s molded around a first sleeve, a second sleeve, and a core pin. In a second step
328, a sccond part can be molded around the core pin and at least partially within the first
sleeve and the second sleeve. In some embodiments where the second part is not entirely
within the first sleeve and the second sleeve, it can be configured to contact the first part,

i8273] Once both parts have been molded, in a third step 33§ the core pin can be
withdrawn from within the second part. In a foorth step 348, the second sleeve can be
withdrawn from around the second part. In some embodiments, these steps can be performed
in different orders or simuitancously. Once the core pin and second sleeve have been
withdrawn, it a fifth step 338 the fust sleeve can be withdrawn from around the second part.

The first part and the second part can then be removed.

CATHETERS

(62741 The various medical connector embodiments described herein have certain
features that allow them to be advantageous for a variety of different purposes. For example,
in some embodiments a medical connector can be used as part of a catheter system. Such
systems can be used to msert a catheter into a patient’s vasculature and then provide a point
of connection to access the catheter. Generally, a catheter system that has been assembled
for use will include a catheter attached to one end of a connector {also described as a catheter
hub) and a needle that runs at least partially through the catheter hub and the catheter. The
needie can be used to pierce the patient’s skin and enter the vasculature, providing access for
the catheter to enter the vasculature as well, Once the catheter is positioned, the needle can
be removed. A valve positioned within the catheter hub can prevent blood from flowing
through the catheter and out of the catheter hub. The catheter hub can be configured to
permit variouns medical implements to connect to the catheter hub.,

275} Generally, a catheter system is sold with a needle running at least partially
through the catheter hub {including the valve) and the catheter so that a clinician does not

have to feed the needle throngh both components before inserting the catheter. This can take
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time and risks accidentally sticking the catheter wall with the tip of the needle. One potential
problern, however, 1s that if a needle is within the valve 1n the catheter hub for too long, such
as if a cathcter system is in the shelf in a medical facility for an extended period of time
before use, a compression set can occur around the needle. This is when valve loses at least
some of its ability to refur to a closed position once the needle is removed, allowing blood
or other fluid to escape from the catheter bub.

8276] Because various embodiments of medical connectors described herein
include a valve member that can have a first, generally relaxed state and a sccond state of
greater tension, such medical connectors can provide an advantage when serving as catheter
hubs. In particular, they can be stored in the first state in which the valve 8 in a less
tensioned state along a vertical axis relative to the second state. Thus, in some embodiments
of various catheter assemblies disclosed and contemplated herein, the catheter assemblies can
have a first stage with the valve i a first state and a second stage with the valve in a second
state. In some embodiments, once a catheter has been properly inserted in a patient’s
vasculature, the catheter assembly can be transitioned to the second stage. This can help seal
the valve member and preclude or Himit any compression set from allowing blood to flow
through the valve roember.

162771 In some embodiments, a catheter assembly can be transitioned to the
second stage at a time prior to insertion of the catheter into the vasculature. In some
embodiments, the catheter assermbly can be transitioned to the second stage tmmediately
prior to inscrting the catheter into the vasculature. In some embodiments, the catheter
assembly can be transitioned to the second stage as the catheter is being inserted into the
vasculatire. In some embodiments, the catheter assembly can be transitioned to the second
stage as the insertion needle 1s being removed from the vasculatuwe after the catheter
assembly is placed therein. In some embodiments, the transition from the first stage to the
sccond stage happens antomatically as the catheter assembly is being inserted or portions are
being withdrawn, or after portions are withdrawn. In some embodiments, the transition from
the first stage to the second stage requires manuval manipulation of the catheter assembly.

162781 Figures 37A and 378 illustrate one embodiment of a catheter system or
assembly 488, The catheter assembly can inclode a connector or catheter hub 482, which can

operate according to various embodiments of connectors described herein. Although not all

-5~



WO 2014/074929 PCT/US2013/069312

aspects of the catheter hub that are labeled may be specifically described, and not all aspects
of the catheter hub are labeled, 1t is understood that unless described otherwise, features
similarly numbered or illustrated as i previous embodiments will operate in a similar
manner as previously described.

{62791 The catheter hub 402 can include a housing that nchudes a first housing
416 attached to a second housing 428. As described above, an outer surface 412 of the first
housing can incinde a variety of surface features 414, such as dimples, that can be used to
improve the comtort of an operator or clintcian when grasping the catheter hub, and/or which
can be used to mcrease the ability of an operator or chinician to maintain a grip on the
housing.  Also as described above, the first housing 418 can include an upper connector
region 444 that can be used to attach the catheter hub to a medical implement. This is
gencrally done once the catheter has been appropriately positioned within a patient.  As
described above, any ANSI connection can be used, and in some embodiments non-standard
connections can be used.

(3288 A needle 498 can pass through the catheter hub 482 and into a catheter
488 that is attached to and extends from the catheter hab, In various cmbodiments the
catheter can have different lengths depending on the desired or expected use for the catheter,
In some embodiments, a needle hub 494 can be attached to the necdle at a proximal end of
the needle. As used herein, “proximal” refers to the end that is closest to a clinician working
with the catheter assembly. As illustrated, proximal is analogous to “upper” as defined with
respect to Figure 1.

(0281} The needie hub can include an insertion section 498 and in some
embodiments can have a manipulation feature 496. The manipulation feature can he used to
provide an improved grip for a clinician or practitioner when manipulating the needle. As
ithostrated, the manipplation feature can be a handle or lever, but it can have a variety of
forms, imchading dimples, longitudinal ribs, lateral ribs, channels, roughened sections, or any
other similar feature.

(6282} The catheter assembly 408 is preferably mmitially provided in the position
as shown in Figure 37A, such that a distal tip 492 of the needic 498 is in a non-inscrtion
position, approximately even with the end of the catheter 488, In some embodiments, a

needie in a non-insertion position can exiend just past the end of the catheter, or just mside
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the catheter. In some embodiments in the non-insertion position, an insutficient amount of
the needle 15 exposed in order to be able to properly insert the needle into a patient’s
vasculature, Thus, in order to sufficiently exposc the needle to be able to insert it into the
vasculature of a patient, in some embodiments a clinician must first move the needle further
through the catheter hub 482 to an msertion position, in which the needle can be nserted into
a patient. The cxact positioning of the necedic hub 494 can vary when mitially provided, and
in some embodiments the needie hub can be positioned adjacent the catheter hub 402 such
that the needle is not visible between the catheter hub and the needle hub., In some
embodiments, the ncedle hub can be positioned partly within the catheter hub., In some
embodiments, the needle hub can be positioned far enough into the catheter hub such that the
proximal tip of the needle 494 is within the catheter hub.

132831 Figure 378 illustrates the same view as 37A, but after a clinician has
moved the needle further through the catheter hub 402 according to some embodiments.
Preferably, the needle 4%0 and needle hub 494 arc configured and positioned such that to
expose a sufficient amount of the needle and/or its tip 492 in order to properly access a
patient’s vasculature, the insertion scction 498 of the needle hub will enter the valve member
of the catheter hub. In some embodiments, the insertion section can move the catheter
assembly into the second stage, as described below,

16284] Figures 38A and 38B illustrate a cross-sectional view of this process.
Figure 38A is a cross-scctional view of the catheter assembly when positioned as illustrated
in Figare 374, and Figure 38B is a cross-sectional view of the catheter assembly when
positioned as illustrated in Figure 378, As tllustrated, the valve member 438 can function
according to various embodiments describe above. For example, the valve member can have
a first state or generally relaxed position as iltustrated in Figure 38A and a sccond state as
itlustrated in Figure 38B. Tn the second state, as above, the valve member can be in greater
tension relative to a longitudinal axis of the valve member. In some embodiments, the
shoulders 434 of the valve member can be positioned in openings 478 and can be mamntained
in the second state by the interaction between the shoulders and the upper surface 479 of the
openings. The insertion scction 498 of the needle hub 494 can function similarly to an
msertion device, as described above. Thus, for example, when the needle bub is moved

distally in order to expose the tip of the needle, the msertion section of the needle hub can
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pass through the slit 432 of the valve member and into the internal cavity 438 of the valve
member. The insertion scction can contact the walls of the internal cavity, and as the needle
hub is inserted further the insertion section can push the valve member into a second state.

[G285] In some embodiments, the catheter assembly 488 can inchnde a needle
guard 482 positioned around the needle 498, The needle guard can be designed according to
aspects of any needle guard known in the art. See, for example, filings from B-Braun and
other third parties, incorporated herein by reference in their entiretics for all they disclose
and attached hereto as Exhibit A, Preferably, the needle guard can be sized to fit within the
internal cavity 435 of the valve member. The needle can move relative to the needle gunard,
although in some embodiments an amount of friction can exist between the needle guard and
the needle such that the needle guard may mwove within the internal cavity as the needle
moves within the internal cavity, In some embodiments, a needle guard 482 may have a
large enough outer diameter to engage the internal cavity and to move the valve into the
second state when the needle hub is moved distally to expose the tip of the needle.

{32861 As the needie is positioned within the vasculature of a patient, the catheter
hub 482 can be moved toward the patient such that the catheter 480 also enters the
vasculature of the patient. While the catheter hub is being moved toward the patient or after
the catheter has been positioned within the patient’s vasculature, the needle 498¢ can be
removed from the patient and from the catheter hub. As the needle is withdrawn, the needle
guard will preferably be configured to catch as it passes through the shit 432, allowing the
needie to be slid relative to the needle guard. In some embodiments, the needie can have a
notch or other feature at s distal end that can be configured to interact with a corresponding
feature of the needle guard. As the needle s withdrawn and the distal end of the needle
begins to leave the valve member, the two features can catch and the needic can pull the

needie guard through the siit of the valve member. The needle guard can then cover the tip

(¢

492 of the needle, helping to prevent any accidental sticks or punctores.

{8287] In some embodiments, the needle hub 494 can be formed of a clear,
transparent, or translucent material and can have a hollow section 491 that is configured fo
recetve blood from the needle when the needle is positioned within a patient’s vasculature,
This can allow a clinician to visually verify that the needle is properly positioned. Similarly,

the catheter 480 can be formed of a clear, transparent, or translocent material, allowing the
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clinician to see when the catheter has entered the vasculatore and 1S in communication with
the patient’s blood stream. In addition, as described above, one or more sections of the
catheter hub 402, including the first housing 416, the sccond housing 428, or the valve
member 438 can be clear, transparent, or translucent to facilitate viewing of the internal
components and fluid path within the catheter hab,

[3288] Because the valve member was in the first state while the catheter
assemibly was stored and only entered the second state during the process of inserting the
catheter into the patient, a compression set can be muimimized or avowded altogether, In part,
this is because tensioning the valve member along a longitudinal axis of the catheter hub 482
can create compression in a plane perpendicular to the longitudinal axis at the top 458 of the
valve member. This can make the sides of the slit 432 press more tightly together than they
would do i the first state, increasing the amount of fluid pressure that the shit can resist
during the process of inserting the catheter info a patient and after the needle 1s removed.

(82851 Figures 39A through 39C illustrate a different embodiment of a catheter
assembly 548 that can be used to move the valve member from a first state to 8 second state.
Figures 39A and 39B illustrate the catheter assembly m a first stage and Figure 39C
illustrates the catheter assembly in a second stage. The iHustrated cmbodiment can be
similar to previous embodiments, but in the first, relaxed state the shoulders 334 of the valve
member 538 arc preferably positioned within openings 478 of the second housing 528 within
the catheter hub S82. Thus, 1 the fivst state an upper section of the valve member can be
attached to the first housing and a lower section of the valve mewmber can be attached to the
sccond housing,

[629¢] In some embodiments, the second housing 528 and the first housing 51
of the catheter hub 582 can move relative (o each other. In some embodiments, the relative
movement between the housings can move the catheter hub from a first stage to a second
stage. In some embodiments, the relative movements between the housings can also move
the valve member 338 from us first state to its sccond state, and sinilarly fransition the
catheter assembly from its first stage to its sccond stage. In some embodiments, the valve
member can be in the first state when the catheter hub is in the first stage, and the valve
member can be in the second state when the catheter hub is in the second stage. In some

embodiments, when the catheter hub is in the fivst stage the catheter bub can have a first
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height hsyy measured from a bottom surface 526 of the second housing to a top surface 549 of
the first housing. In some embodiments, when the catheter hub is in the sccond stage, the
catheter hub can have a second height Bsyp greater than the first height.  As dhustrated in
Figure 39C, when the second housing moves relative to the first housing the openings §78
can move as well, stretching the valve member 538 into the second state.

{82911 In some embodiments, the difference between the first height and the
second height can be such that the valve member moves from the first state to the sccond
state according to the various embodiments described above. For example, as described
above, the ratio of the valve member height in the second state to the height in the first state
can be greater than or equal to about 1.0 and/or less than or equoal to about 1.8 In some

3

embodiments, the ratio can be greater than or egual to about 1.1 and/or less than or equal to
about 1.3

{62921 In some embodiments, the ratio of the second height bsi to the first
height hsy; can be greater than or equal to approximately 1.02 and/or less than or equal to
approximately 1.2, In some embodiments, the ratio of the second height hsipv to the first
height hsp can be greater than or equal to approximately 1.04 and/or less than or equal to
approximoaiely 1,15, In some embodiments, the ratio of the second height hsii- to the first
height hsyy can be greater than or equal to approximately 1.06 and/or less than or equal to
approximately 1.12.

(32931 In some embodiments, the catheter assembly 588 can be configured such
that removing the needle 5%¢ from the catheter hub moves the catheter hub from the first
stage into the second stage. This can provide the advantage of ensuring that a clinician using
the catheter assembly according to standard procedures will move the catheter assembly into
a sccond stage in a passive manncr, thus hmiting or preventing compression set without
having to perform any new steps. In some embodiments, this can be achieved by providing a
needle guard that provides a resistive force when removing the needle.

[6294) For example, with reference to Figure 39A, a needle guard 582 can be
positioned around the needle 528, The ncedie guard can be completely within the internal
cavity 8358 of the valve member 538 or can be positioned partially within the nternal cavity
such that a portion of the needle guard is within the slit 832, Additionally, as iilustrated, the

second housing 528 can have an outer surface 522 positioned such that a climician, when
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grasping the catheter hub S82, will grasp the second housing. Tn some embodiments, a
portion of the sccond housing can surround a portion of the first housing 5§18, In some
embodiments, the second housing can at least partially define a shoulder 516 that is adjacent
the luer connector region 548,

[6295] When the clinician is grasping the second housing 528, any resistive force
provided by the needle guard $82 or other component of the needie 399 or needle hub 594
when it is pulled through the slit 5332 will tond to separate the first housing 518 from the
second housing. This can move the catheter hub from the first stage to the second stage. In
some embodiments, the catheter hub can have a mechanical lock, snap, or other mechanism
that tends to keep the catheter hub in the second stage once it moves into the second stage.

[6296] Figure 398 dlustrates a needle guard 582 that has been pulled vp from a
position within the valve cavity 535 to a position against the shit 832 as the needle 598 is
withdrawn. In some cmbodiments, the needle guard slides freely around the needle and the
needic guard does not move against the shit vmtil it engages with the tip of the needle. In
some emboditoents, as mentioned above, the needle guard is initially positioned partially
within the valve cavity and partially through the slit. In such embodiments, the portion of the
needie guard within the slit is preferably as small as possible to help minimize any potential
compression set. cgardless of the imitial positioning of the needle guard, in some
embodiments the needle guard preferably does not fully pass through the slit and out of the
valve cavity until it engages the tip of the needle.

[8297] The needle guard and the valve member can be sized and configured such
that the force required to move the needle guard through the slit 18 sufficient to move the
catheter hub from the first stage to the second stage, Preferably, the needle guard is also
sized such that moving it through the slit does not damage the valve member. In some
embodiments, a lobricant can be applied to the needie and/or the needle guard in order to
help prevent tearing or damage to the shit or valve member.

(3298} Figure 40 illustrates a block diagram of a method for using a catheter
assemibly,  In a first step 618 of the method, a catheter assembly can be provided. The
catheter assembly can be configured according to any of the embodiments discussed above
with respect to Figures 37A through 38B. In a second step 628, an insertion device can be

mserted into a catheter hub 1o move a valve member from a first siate to g second state. The
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insertion device can be the insertion section of a needle hub, as described above, or it can be
another element attached to the needle or a separate device eutirely,

13299} In a third step 638, a ncedle can be inserted into a patient, and in a fourth
step 648 a catheter can be inserted mto the patient, such as by shiding over the needle. Ina
fifth step 658, the insertion device can be removed from the catheter hub.  In some
embodiments, such as if the insertion device is not attached to the necdle, the insertion
device can be removed prior to inserting the needle 1nto the patient. In a sixth step 660, the
needie is removed from the patient, and in a seventh step 6§78 the needle is removed from the
catheter hub,  In some embodiments, various steps can be performed simultaneously. For
example, in some embodiments, the second and thitd steps can be performed simultaneously,
In some cmbodiments, the third and fourth steps can be performed simultancously. In some
embodiments, the second, third, and fourth step scan be performed simultancously.
Similarly, in some embodiments, the fifth and sixth steps can be performed simultancously.
In some erobodiments, the fifth, sixth, and seventh steps can be performed simultancously.

(1308 Figure 41 illustrates a block diagram of another method for using a
catheter assembly. In a first step 718 of the method, a catheter assembly can be provided.
The catheter assembly can be configured according to any of the embodiments discussed
above with respect to Figures 39A through 39C. In a sccond step 728 a needle is inserted
into a patient, and n a third step 738 a catheter 1s 1nserted into the patient, such as by sliding
over the needle. In a fourth step 748, the needle can be removed from the patient and
catheter hub, and in a fifth step 730 the catheter asserubly can be moved to a second stage, In
some embodiments, this can include, for example, lengthening the catheter hub, as described
above. In some embodiments, this can include using an insertion device o move a valve of
the catheter hub from a first state to a second state. In some embodiments, moving the
catheter assembly to the second stage can be performed prior to inserting a needle nto a
patient. In some cmbodiments, also as described above, the catheter assembly can be moved
to a second stage as the needle is being removed from the catheter hub or even after the
needic is removed. In some embodiments, varions other steps can be performed
simultaneously.  For example, in some embodiments, the second and third steps can be

performed simultancously.
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[0301] Although this invention has been disclosed in the context of certain
preferred embodiments and examples, it will be understood by those skilled in the art that
the present invention extends beyond the specifically disclosed embodiments to other
alternative embodiments and/or uses of the invention and obvious modifications and
equivalents thereof. In addition, while a number of variations of the invention have been
shown and described in detail, other modifications, which are within the scope of this
invention, will be readily apparent to those of skill in the art based upon this disclosure. It
is also contemplated that various combinations or sub-combinations of the specific features
and aspects of the embodiments may be made and still fall within the scope of the
invention. Accordingly, it should be understood that various features and aspects of the
disclosed embodiments can be combined with or substituted for one another in order to
form varying modes of the disclosed invention. Thus, it is intended that the scope of the
present invention herein disclosed should not be limited by the particular disclosed
embodiments described above, but should be determined only by a fair reading of the
claims that follow.

[0302] Similarly, this method of disclosure is not to be interpreted as reflecting
an intention that any claim require more features than are expressly recited in that claim.
Rather, as the following claims reflect, inventive aspects lie in a combination of fewer than
all features of any single foregoing disclosed embodiment. Thus, the claims following the
Detailed Description are hereby expressly incorporated into this Detailed Description, with
each claim standing on its own as a separate embodiment.

[0303] The reference in this specification to any prior publication (or
information derived from it), or to any matter which is known, is not, and should not be
taken as, an acknowledgement or admission or any form of suggestion that that prior
publication (or information derived from it) or known matter forms part of the common
general knowledge in the field of endeavour to which this specification relates.

[0304] Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise”, and variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or

steps.
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WHAT IS CLAIMED I8S:

1. A medical connector for permitting fluid flow between a first medical device

and a second medical device, the medical connector comprising:
an upper housing comprising an upper end configured to receive a first
medical device and at least two downward projections centered about a central
longitudinal axis of the upper housing, the at least two downward projections each
having a first angular width at a base and alignment surfaces that each extend from

a side edge of the downward projection to an edge at a lower tip of the projection;

a seal element fixed to the upper housing; and

a lower housing comprising a lower end configured to receive a second
medical device, at least two upward projections centered around a central
longitudinal axis of the lower housing, each upward projection having two
alignment surfaces that each extend from a side edge of the upward projection to an
edge at an upper tip of each projection, and at least two gaps having a second
angular width and bounded on either side by adjacent upward projections;

wherein the upper and lower housings are configured to be joined together,
each downward projection configured to fit within one of the at least two gaps, and

wherein the alignment surfaces of the downward and upward projections
comprise matching helical surfaces.

2. The medical connector of claim 1, wherein the first angular width is less than
the second angular width.

3. The medical connector of claim 2, wherein the first angular width and second
angular width are sized such that each of the downward projections fits flush within one of
the at least two gaps.

4. The medical connector of any one of claims 1-3, wherein the alignment
surfaces of the downward projections and the alignment surfaces of the upward projections
are configured such that if each of the downward projections is not aligned with one of the
at least two gaps when the upper and lower housings are joined together the alignment
surfaces of the downward projections will contact the alignment surfaces of the upward
projections and tend to rotate the upper and lower housings relative to each other until each

of the downward projections is aligned with one of the at least two gaps.
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5. The medical connector of any one of claims 1-4, wherein the at least two
upward projections each comprise an opening passing through the projection.

6. The medical connector of claim 5, wherein the seal element comprises a central
body and two shoulders extending outward from the central body on opposite sides
thereof, the shoulders oriented such that when the upper and lower housings are joined
each shoulder is aligned with the opening of one of the at least two upward projections.

7. The medical connector of any one of claims 1-6, wherein each alignment
surface of the downward projections has a height and width measured from an outermost
point of the side edge of the downward projection to the outermost point of the edge at the
lower tip of the downward projection.

8. The medical connector of claim 7, wherein the ratio of the height to the width is
between approximately 0.5 and approximately 1.5.

9. The medical connector of any one of claims 1-8, wherein each alignment
surface of the upward projections has a height and width measured from an outermost
point of the side edge of the upward projection to the outermost point of the edge at the

upper tip of the upward projection.
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