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(57) Abrégé/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 member configured to be positioned at least partially within the
housing. The 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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(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
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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

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of U.S. Provisional Patent
Application No. 61/798447, filed March 15, 2013, and entitled "MEDICAL CONNECTOR,"
and of U.S. Provisional Patent Application No. 61/725427, filed November 12, 2012, and
entitled "HIGH FLOW RATE MEDICAL CONNECTOR".

BACKGROUND OF THE DISCLOSURE
Field of the Disclosure

[0002] The present disclosure relates in general to the field of medical

connectors, and in particular to needleless medical connectors.

Description of the Related Art

[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
paticnt 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
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compression set where an introducer remains in the valve for an extended period of time
prior to removal of the fntroducer. A need exasts for improvement of such catheters,
SUMMARY OF THE DISCLOSURE

[6806] In aceordance with one embodiment, a medical connector for permitting
fhad tlow between a first medical device and a second medical device can include a housing
having an upper ond configured to reecive a first medical deviee and a lower end configured
to reecive a second medical device, a cannula comprising a lower section with a lower tip
and an uppcr scetion with an upper tip, the cannula having a variable 1onor diamcter and
extending from the lower end of the housing o a position within an mterior 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 mternal cavity, and an opening on the bottom surface
m communication with the internal cavity, the opening positionable arcond 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 cannuia, The ner diameter of the cannula varies between the lower end and the
upper section and s constant along the length of the upper section.

{6887 The inner diameter of the cannula can decrease from the lower tip to the
upper section. {n some embodiments, it can decrease at a constant rate from the lower tip to
the upper section

16008} In some embodiments, the housing can melude 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 gspace
outside the first and second housings.

{609} In accordance with one embodiment, medical connector for permitting
thuid flow between a first medical device and a second medical device can mclade 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 baving a first angular width at a base and

alignment surfaces that taper toward an edge at a lower tip of the projection; a seal element
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fixed to the upper housing; and a lower housing comprising a lower end configured to
receive the second medical device, at least two upward projections centered around a central
longitudinal axis of the lower housimg and cach having two alignment surfaces that taper
toward an odge 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. The upper and
fower houwsings can be configured to be joined together, In some crbodiments, the fivst
angular width can be icgs than the seoond angular width such that cach of the downward
projections is configured to fit within onc of the at least two gaps.

{8619} In some embodiments the first angular width and second angular width are
sized such that cach of the downward projections fits flush within one of the at least two
eaps. 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
howsings are misaligned when joined together the alignment swrfaces will cause the upper
and lower housings to rotate relative to cach other until each of the downward projections is
aligned with one of the at least two gaps. In some embodiments, the alignment surfaces of
the downward and wpward projections comprise matching helical surfaces.  In some
embodiments, the at least two upward projections each comprise an opening passing through
the projection.  In some embodiments, the seal clement includes a central body and two
shonlders 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 i3 aligned
with the opening of one of the at least two upward projections.

{6o11] In accordance with one embodiment, a medical connector for permitting
fluid flow between a first medical device and a second medical device can include 4 housing
compriving an upper end configured to receive a first medical device, a lower end configured
to receive a second medical device, and a cannula extending from the lower end of the
housing to a position within an interior space of the housing; and & valve member attached to
the upper end of the housing and positioned at least partially within an interior space of the
housing, the valve member having a slit on a top surface thereof that extends into an interior
cavity, and an opening to the inmterior cavity at a bottomn surface of the valve member, the

valve member having an first state in which the valve member does not reach the cannula
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and a second state in which the valve member is stretched toward the camnula and the
opening is posttioned around a portion of the canmula.

{60821 In some cmbodiments, the valve member i1s moided with the housing such
that it 1s unable to rotate relative to the housing.  In some embodiments, the valve member
has a central body and two shoulders extending cutward from the central body, cach shoulder
positioned within a corresponding recess within an interior of the housing when the valve
mernber i in the sccond state, an upper surface of cach recess contacting the corresponding
shoulder and preventing the valve momber from returning to the fivst state.  In some
embodunents, the valve member has a domed top when the valve 15 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.

{B8813] In some embodiments, the upper end of the housing has an upward facing
ledge and the valve member has a hip, 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 scats on the upper ledge.

{6914} in accordance with one embodiment, a medical connector for permitting
fluid flow between a first medical device and a second medical device can inelnde 8 housing
having an upper end configured to receive a first medical device snd a lower end configured
to receive a second medical device, A valve member can be attached to the upper end of the
housing and positioned at least partially within an interior space of the housing, the valve
member having a central body and at least two shoulders extending from the central body on
opposite sides thercof, The housing can also have at least two recessed areas therein, and the
valve meniber can have a first state in which the at least two shoulders are cach 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.
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[6815] In some embodiments, the housing defines the at least two recessed areas.
In some embodiments, an uppor surface of cach of the at lcast two recessed areas contacts a
respective upper surface of a respective onc of the at least two shounlders, preventing the at
least two shoulders from returning to the first state. In some embodiments, when a first
medical device 1s attached fo the upper end of the housing, cach shoulder s removed from
contact with an upper surface of the corrcsponding recess. In some embodiments, the valve
mernber has a domed top when the valve is in the first state and a substantially flat top when
tho valve momber i1s in the second state.

{8016} In accordance with one embodiment, a method of manufactiring 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
fivst part formed of a first material; injection molding a second part of the wedical connector
around the core pin and at least partially within the first sleeve and the second sleeve, the
second part formed of a sccond material; withdrawing the core pin from within the second
part; withdrawing the second sleeve from arcund the second part; withdrawing the first
steeve from around the second part; and removing the first part and the second part.

{8817} In some embodiments, the first slecve at least partially surrounds the
second sleeve when the second part is melded. In some embodiments, the core pin and the
second sleeve can be withdrawn simnultancously. In some embodiments, the first material is
different from the sccond material. In some embodiments, the core pin can extend past the
first sleeve and the second sleeve prior o withdrawing the core pin. In some embodiments,
the first part can extend past the fivst sleeve and the second sleeve. In some embodiments,

rithdrawing the first sieeve includes moving 4 section of the first sleeve with an internal
width past a section of the second part with an extertor width, wherein the exterior width is
greater than the internal width.

{0818} In some embodiments, an introduger catheter includes a proximal end
comprising a housing with a sclectively closed end, such proximal end being configured to
transition from 2 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 miroducer clement extending therethrough and the
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selectively closed end is configured to resist compression set around such introducer
elemendt,

{19 Nome embodiments provide a method of accessing the vasculature of a
patient including the steps of inscrting an introducer clement surrounded at least in part by a
catheter; withdrawing the mtroducer clement from the vasculature while leaving the catheter
therein; transttioning a proximal cnd portion of the catheter from a first arrangement 0 a
second arrangement, 1n which the proximal end portion in the sccond amrangement is
configured to resist a higher level of fluid flow pressure than 1o the first arrangemoent. In
some embodimenis, the transition from the first arrangement o the second arrangement
ocowrs during the removal of the inscrtion clement.  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 restlient sealing element disposed at least
partially outside the proximal end portion.

482481 In some embodiments, an introducer catheter mcludes a proximal end
comprising a housing with a selectively closed end, such proximal end being configared to
transition from a first arangement 1o a second arrangement wherewn the selectively closed
end 18 able to resist greater fluid pressore in the second arrangement. In some embodiments,
the sclectively closed end includes an introducer clement extending therethrough and the
selectively closed end is configured to resist compression set around such introducer
glernent.

{6921} in accordance with one embodiment, a catheter assembly for insertion of a
satheter 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 ¢lit 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 tn which the valve member has
a second length, the second length greater than the first length, The catheter assemibly can
also include a catheter connected to the catheter hub and extending from the lower end of the
catheter hub, the catheter in fluid comumunication 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
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end of the catheter hub housing and a proximal end, the needle configured to transition from
a non-insertion posiiion to an insertion position. In some embodiments, a needle hab can be
attached to the proximal end of the needle. In some embodiments, moving the needle from
the non-insgrtion position to the insertion position transitions the valve member from the first
state 1o the second state.

08221 In somc cmbodiments, the first and sccond lengths of the valve member
can be measured from a bottom surface to the top surface of the valve member, and the
sceond longth can be between approximately 1.1 and 1.3 tumes the first length. In some
embodunents, the first and second lengths can be measured from the bottom surface to an
uppermost point of the top surface.

{64231 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 inchade
at least two shoulders and the housing can define at least two recessed areas, cach recessed
arca aligned with a respective shoulder.  In some embodiments, when the valve member
transtiions (o the second state each shoulder can move into s respective recessed area. In
some embodiments, the needle hub can be configured to push the valve member mio the
sccond 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 arcund the
needle. In some embodiments, the needle guard can be positioned at least partially within
the internal cavity of the valve merober.

{6924} in accordance with one embodiment, a catheter assembly for insertion of a
satheter into a patient can include a catheter hub having a housing with an upper end and a
lower end, the housing defining an mterior space and at least two recessed arcas 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 intemnal cavity, a shit extending from the top
surface o the internal cavity, and at least two lateral extensions from the ceniral body. A
catheter connecied 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 baving a distal end and a proximal end, the veedle further configared to
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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 roove from a first
state in which cach lateral cxtension is above a corresponding recessed area within the
interior space of the housing to a second state in which each lateral extension is positioned
within the corresponding recessed area.

38251 In some cmbodiments, when the ncedle moves toward the inscriion
position the ncedic hub can enter the intornal cavity of the valve member. In some
embodiments, the needic hub can be configurcd to move the valve momboer from the first
state to the second state. In some embodunents, when the needle moves from the noo-
inscriion position to the inscriion position the valve member can move from the first state to
the second state. In some embodiments, the catheter assembly can further mclude 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
cmbodiments, the needle can include a notch at its distal end. In some embodiments, the
notch can be configured to engage with the needie guard, locking the needie and needle
guard together.

[0826) In accordance with one embodiment, 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 bousing configoared to move
relative to each other from a first stage in which the catheter hub housing bas a first height to
a second stage in which the catheter bub housing has a second height greater than the first
height. The assembly can include a valve member baving 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 bousing and the lower end of the valve member is attached to the lower
housing. A catheter can conmect 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
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needie. In some embodiments, removing the needle from the catheter hub can move the
catheter hub housing from the first stage {o the second stage.

{271 In some embodiments, the lower housing can partially surround the upper
housing. In some embodiments, the valve memwber can have a fust height from the bottom
surface to the top surface when the catheter hub housing s 1n the first stage and a second
height from the bottom surface to the top surface when the catheter hub housing is n the
second stage, the scoond height greater than the first height. In some embodiments, the first
height and sccond height are measured from the boitom surface {o an uppormost point of the
top surface. In some embodiments, the second height can be between approxamately 1.1 and
1.3 times the first height,

{34281 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 arcas that each receive a corresponding shoulder.  In some embodiments, the
assembly can include a needle gunard slidebly positioned around the needie and at least
partially within the internal cavity of the valve member. In some embodiments, pulling the
needie guard out of the internal cavity ean require a greater force than pulling the needle
through the needie guard.

06291 In accordance with one embodiment, a method of using a catheter
assembly 10 insert & catheter mwto 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 veedle. The method can
incinde inserting the needle hub into the catheter hub, wherein mserting the needle hab into
the catheter hub stretches the valve member from a firet height to s 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.

{06361 In some embodiments, removing the needie 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 arcas within the interior

-9-
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space, and the valve member can have at least two lateral extensions gach configured to fit
within a respective recessed area when the valve member 1s stretched to the second height, In
some embodiments, the catheter assembly can include a needle goard positioned around the
needie and at least partially within the valve member. In some embodiments, the needle
guard can be positioned entirely within the valve member.

{60311 In accordance with onc cmbodiment, a mcthod of using a catheter
asscmbly to inscrt a catheter into a paticnt can inchude providing a catheter assembly, the
cathetor asscmbly having a cathetor attached to a catheter hub that includes a housing with a
first housing section and a second housing section configured to move relative to cach other
from a first stage i which the housing has a first length to a sccond stage in which the
housing has a second length greater than the fivst length, a needle extending at lcast 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 needie from the catheter hub, wherein removing the needle from the catheter
hub moves the catheter hub into the second stage.

8032} 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 inclade a valve member having a central body defining an internal cavity, a slit on a top
surface of the valve menmber that extends into the internal cavity, an upper end, and a lower
end, the upper ond attached o the upper housing section and the lower end attached to the
lower housing section.

{6633 In some embodiments, the catheter assembly con include a needle guard
positionad at fcast 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 needie from the
catheter bub. 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 inchude at least two lateral extensions each positioned

-10-
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within a respective one of at least two recesses defined by the lower housing section, after
the needle s rervoved from the catheter hub.

{60341 In aceordance with one embodiment, a catheter assembiy for inscrtion of a
catheter into a patient can include a catheter hub having a housing and a valve member
within the 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 ncedic hub attached to the proximal end of the necedle. In some
cmbodimonts, the catheler assombly can be configured o travsition from a fust stage to a
second during the process of inserting the needle mio a patient and removing the needie from
the patient.

{3435] In some embodiments, i 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 & second amount of tension aslong the longiudinal axis of the valve
momber, the sccond amount of tension being greater than the first amount of teansion. In
some embodiments, in the first stage the valve member has a first amonnt of compression in
a plane perpendicular to a longrtudinal axis of the valve member, and in the second stage the
valve member has a second amount of compression in a plane perpendicular fo the
longitudinal axis of the valve member, the second amount of compression being greater than
the first amount of compression.

{0836} In some embodiments, the housing can include a first housing and a
second housing configured 1o move relative to each other. in some embodiments, in the first
stage the housing can have 2 first height and in the second stage the housing can have a
second height greater than the first height.

{6637} In accordance with one embodiment, a method of using a catheter
assembly 1o insert a catheter into a paticut can include providing 2 catheter assembly, the
catheter assernbly including a catheter hub having a housing, a catheter convected to the
catheter hub, a needle cxtending 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
transttioning 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 needie from the
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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 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] According to an aspect of the invention is a medical connector for
pemmitting 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 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 the 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, the opening positionable around the upper tip of the cannula to
create a flow path from the internal cavity of the valve member to the lower end of the housing;

wherein the inner diameter of the cannula is constant along a length of the upper section.

[0038Db] According to an aspect of the invention is a medical connector for
permitting fluid flow between a first medical device and a second medical device, the medical

connector comprising:
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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.

[0038Db] According to an aspect of the invention 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 the 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 opening to the
interior cavity 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.
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[0038¢] According to an aspect of the invention 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 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.

[0038d] According to an aspect of the invention is a method of manufacturing a
medical connector with a multistep injection molding process, said method comprising:

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.

[0038e¢] According to an aspect of the invention is a catheter assembly for insertion
of a catheter into a patient, said catheter assembly comprising:

a catheter hub comprising:

a housing comprising 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
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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,

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;

a needle extending 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; and

a needle hub attached to the proximal end of the needle;

wherein moving the needle from the non-insertion position to the insertion position
transitions the valve member from the first state to the second state.

[0038f] According to an aspect of the invention is a catheter assembly for insertion
of a catheter into a patient, said catheter assembly comprising:

a catheter hub comprising:

a housing comprising an upper end and a lower end, the housing defining an interior
space and at least two recessed areas within the interior space;

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 and extending from the lower end of the
catheter hub, the catheter configured to fluidly communicate with the internal cavity of the valve
member;

a needle extending 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 configured to
move from a non-insertion position to an insertion position; and a needle hub attached to the
proximal end of the needle;

wherein the valve member is configured to move from a first state in which each
lateral extension is above a corresponding recessed area within the interior space of the housing to

a second state in which each lateral extension is positioned within the corresponding recessed area.
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[0038¢g] According to an aspect of the invention is a catheter assembly for insertion
of a catheter into a patient, said catheter assembly comprising:

a catheter hub comprising:

a catheter hub housing comprising 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;

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 connected to the catheter hub and extending from the lower housing, the catheter
in fluid communication with the internal cavity of the valve member;

a needle extending 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 attached to the proximal end of the needle;

wherein removing the needle from the catheter hub moves the catheter hub housing from
the first stage to the second stage.

[0038h] According to an aspect is the use of a catheter assembly for insertion of a
catheter into a patient, the catheter assembly comprising 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;

wherein,

the needle hub is for insertion into the catheter hub for stretching the valve member from
a first height to a second height, the second height longer than the first height:

the needle is for insertion into a patient;

the catheter is moveable over the needle for insertion of the catheter into the patient;

wherein thereafter the needle hub is for removal from the catheter hub;

the needle is removable from the patient; and
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the needle is removable from the catheter hub.

[0038i] According to a further aspect is a use of a catheter assembly for inserting a
catheter into a patient, the catheter assembly comprising 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:

wherein,

the needle is for insertion into a patient;

the catheter is movable over the needle for inserting the catheter into the patient;

the second housing section is for grasping for removing the needle from the catheter hub
for moving the catheter hub into the second stage.

[0038]] According to an aspect of the invention is a catheter assembly for insertion
of a catheter into a patient, said catheter assembly comprising:

a catheter hub having a housing and a valve member within the 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;

wherein the catheter assembly is configured for transitioning from a first stage to a second
during during insertion of the needle into a patient and removal of the needle from the patient.

[0038K] According to an aspect of the invention is a use of a catheter assembly to
insert a catheter into a patient, the catheter assembly comprising 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;

wherein,

the catheter assembly is transitionable from a first stage to a second stage;

the needle is for insertion into a patient;

the catheter is for insertion into the patient; and
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thereafter the needle is removable from the patient.

[0038]] According to an aspect of the invention 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 a proximal end configured to receive a first medical device and a
distal end configured to receive a second medical device, the proximal end of the housing
comprising a proximally facing ledge, the distal end of the housing comprising a cannula extending
to a position within an interior space of the housing; and

a valve member attached to the proximal end of the housing and positioned at least partially
within the interior space of the housing, the valve member comprising:

a lip;

a slit positioned on a proximal surface of the valve member and extending into an interior
cavity of the valve member; and

an opening to the interior cavity at a distal surface of the valve member;
the valve member having a first state in which the valve member and the cannula define a gap
between them such that the valve member does not extend to the cannula and a second state in
which the opening to the interior cavity is positioned around a first portion of the cannula;

wherein at least a portion of the lip seats on the ledge.

BRIEF DESCRIPTION OF THE DRAWINGS

[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 3 A

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

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

12f
Date Regue/Date Received 2021-08-31



[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 9 A.
[0051] FIG. 10 is a top view of the embodiment of Figure 9 A.
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{6652} FIG. 11A 15 a cross-sectional view of an embodiment of a medical
connector prior to compleie assembly,

{30531 FIG. 118 is a cross-sectional view of a medical connector taken at about
90 degrees relative to the cross-section of Figure 11A.

FHIREY FiG, 12A 15 a cross-scctional view of an cmbodunent of a medical
connector fully assembled.

6855 FIG. 128 1 a cross-sectional view of a medical comnecior taken at abow
90 degrecs relative to the cross-section of igure 12A.

[H56] FiG. 13A is a cross-sectional view of an embodiment of a meadical
connector engaged with a medical device.

(89571 FIG. 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.

[6O58] FIG. 14 18 a perspective view of one embodiment of a medical connector,

8059 FiG. 154 is a perspective view of one embodiment of a valve member.

{8641 FIG, 18B is a cross-sectional view of the valve member of Figure 15AL

8611 Fi{ 158C is a cross-sectional view of the valve member of Figure i5A
taken at about 90 degrees relative to the cross-section of Figure 158,

{06621 FIG. 16A is a cross-sectional view of a medical connector with the valve
member of Figure 154,

166631 FIG, 168 is a cross-sectional view of a medical connector with the valve

meraber of Figure 154, taken at about 90 degrees relative to the cross-section of Figure 16A.

{{HI64] FEG. 174 15 a perspective view of one embodiment of a valve member,
THEES! FIG. 178 s a perspective view of one embodiment of the valve member

of Figure 17A.

(8661 FiG 17C 18 a cross-sectional view of the valve member of Figure 17A
taken at abont 90 degrees relative to the cross-section of Figare 178,

{60671 FIG. 18A 15 a cross-sectional view of a medical connector with the valve
member of Figure 17A.

{68681 FIG. 188 s 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.

[HI69] FIG. 194 is a perspective view of one embodiment of a valve member.
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{68761 FIG. 198 15 a perspective view of one embodiment of the valve member
of Figure 19A.

{0871 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,

{68721 FiG, 20A 1s g cross-scctional view of a medical connector with the valve
member of Figure 19A.

{68731 FIG. 288 15 a cross-sectional view of a medical connector with the valve

member of ligure 19A, taken at about 90 degrees relative to the cross-section of Tigure 20A.

{74 FIG. 21 is one emmbodiment of an outer body of a medical connector,

[8075] FIG. 22 is one embodiment of an inner body of a medical connector,

(89761 FIG. 23A is one embodiment of a valve member for use in a medical
connector.

6877 FIG. 23B is a cross-sectional view of the valve member of Figure 23A,

{6878} FI1G. 24 is one embodiment of an assembled medical connector with the
components of Figure 21-23.

13879 Fi. 25 is a cross-sectional view of the medical connector of Figure 24,

{60881 FIG. 36 is a cross-sectional view of the medical comnector of Figure 24
when partially connected to a medical device.

G881 Fis. 27 is a cross-sectional view of the connector of Figure 26, when
fully connected to a medical device.

{6982} FiG. 28 is a cross-scctional view of one cmbodiment of a medical
CONNECtor.

{6683} FIG. 29 15 a cross-sectional view of the medical comnector of Figure 28
when connected to a medical device.

{184 FiG. 34 is a perspective view of one embodiment of a medical connector,

[6885] FIG. 31A 18 a cross-sectional view of a valve member for use m the
medical connector of Figure 30,

[(886] FiG. 31B 15 a cross-sectional view of a valve member for vse in the
medical conmector of Figure 30, taken at about 90 degrees relatve to the cross-section of
Figure 324,

{HIBT] FIG. 32 is a cross-sectional view of the wedical commector of Figure 30,
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{Ga88] FIG. 33A 15 a bottom perspective exploded view of one embodiment of
various clements used to mold a medical connector,

{89} Fi{z 338 is a top perspective exploded view of the clements of Figure

(5]
(%)
-

08981 FIEG, 34 1s a top perspective view of onc cmbodiment of clements used o
mold a medical connector.

{68911 FIG. 354 15 a cross-sectional view of one embodiment of elements used
te mold a medical conmcector.

{8921 FIG. 358 is a cross-sectional view of the elements of Figore 354 taken at

about 90 degrees relative to the cross-section of Figure 35A.

(86931 FIG. 36 is a flow chart of one embodiment of a two-step injection mold
PrOCess,
[6894] FIG. 37A is a front view of one embodiment of a catheter assembly ina

first gtage.

{895 FIG. 378 is a front view of the catheter assembly of Figure 37A in a
second stage.

G896} FIG, 38A is a cross sectional view of the catheter assembly of Figure 37A
in the first stage.

{6897 FiG. 388 is a cross sectional view of the catheter assembly of Figure 37A
in the second stage.

{3498} FIG, 39A 15 a cross sectional view of one embodiment of a catheter
agsembly in a first stage.

166991 FIG. 398 is a cross sectional view of the catheter assembly of Figure 39A.

{01861 FIG. 38C is a cross sectional view of the catheter assembly of Figure 39A
in g stage position,

161611 FIG, 48 1s a flow chart of one embodiment of a method for using a
catheter assenibly.

61621 FiG. 41 is a flow chart of one embodiment of a method for using a

catheter asserbly.
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DETAILED BESCRIPTION OF THE PREFERRED EMBODIMENTS

18163 With reference to the attached figures, cortain ernbodiments and ¢xamples
of high flow ratec medical conncectors will now be deseribed.

16104} Figure 1 ihustrates one cmbodiment 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 veference o an upper end 4 and a lower end 6. Although the medical
connector n 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 torms “outer” and “inner” are gencrally
used with reference to the contral longitudinal axis 2. Thus, for example, an outermost point
of a particular feature m a radial direction would be the point that is farthest from the
longitudinal axis.

[6165] The medical connector meludes 4 substantially rigid outer housing &, and
in some embodiments the housing 8 comprises a first, or upper, housing 18 and a second, or
lower, housing 28. 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 44, to the bottom surface 11 of the first housing, The second housing 28
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 cqual to the first housing hoight.

[3186] The first housing 16 and second housing 28 can be designed to increase
comfort and grip when holding the medical connector §, Typically, the connector will be
held between the thumb and index finger of a health care professional or other individual
manipulating the conncctor.  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 1s visble 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 ¥ and makes it less Tikely
that a nser’s grip will slip toward the vpper or lower portion of the medical connector,

{187 In addition to the gencral shape of the housing ¥, each of the first housing
14 and the second housing 20 can have a separate profile on their respective outer surfaces,
For example, the first housing 1€ can have a general taper along its outer surface 12 that runs
from an outermost point of the shoulder 16 to the bottom surface 1. The outer surface along
this path moves consistently closer to the longitudinal axis 2. The second housing 26 can
have a generally concave shaps along a path on its outer surtace 22 from the upper surface 21
io the lower edge 26, In some embodiunents, the first housing 18 can have a concave outer
surface 12 and the second housing 26 can have an outer surface 22 that tapers from the lower
edge 26 toward the upper surface 21, In other embodiments, the first housing 18 and second
housing 28 can both have tapering, concave, convex, straight, or other combination of outer
surfaces.

16108 Additionally, in some cmbodimenis both housings can have features on
their outer surfaces that can improve a user’s grip. In the illustrated embodiment, the first
housing 10 has dimples 14 and the second housing 28 bhas 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 ¥ such that each
dimiple has a corresponding dimple ov an opposite side of the medical connector. This can
allow g 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 cmbodiments the dimpies on
the sceond housing 268 are aligned with the dimples on the first housing 10, This can make it
casier for a uscr’s fingers to find a posttion within a dimple if the user adjusts kus or her grip
from onc housing to anocthoer.

{3109 In some cmbodiments, the first and second housings ¢an cach be
configared 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, picrceable connectors, needleless connectors,
medical tubmg, syringes, ete. The second housing 28 can have a lower Luer connector

region B8, discussed in more detatl below, which inchudes a Luer cannula 86, The first
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housing 10 can have an upper Luer connector region 48 with {hreads 42 for receiving a
threaded mcedical connector such as a Luer connector of a medical device, such as a syringe.

LY In various embodiments, the connector regions 48, 88 can gencrally be
configured to accommodate any standard medical connector or implement, and can be
configured to conform with ANSIE {(Argerican Nationa! Standards lustitute, Washington,
D.Cy or other applicable standards. The term "medical implement” is used herein to denote
any medical device commonly used in the medical field that can be connected or joined with
any embodunents of the covuectors disclosed berein. Examples of medical implements that
are contemplated include, without limitation, tubing, luers, conduits, syringes, miravenous
devices (both peripheral and central lines), closable male hier connectors (both integrally
formed with a syringe or independent conmectors), pumps, piggvback hines, and other
components which can be used in comnection with a medical valve or comnector. The
connector regions can also be configured to have non-standard connections.

LIRS The first housing 1§ can have a valve member 38, an embodiment of
which is tlustrated in greater detail in Figure 3, that seats within the Loer connector region
48 and which can help control and direct a flow of fuid from a first medical device attached
io the first housing 18, through the first housing to the second housing 28, and out the Luer
cannula 86 to a second medical device attached to the seeond housing 20, Similarly, it can
facilitate flow in the reverse direction.

6112} Figure 2 1s an exploded view of an exemplary mwedical comnnector 1 that
includes the first housing 1€, the second housing 28, and a valve member 34 that is located
within at least a portion of the first housing when the device is fully assembled. In some
embodiments, the valve member 38 can be attached to the first housing 18 from the mold as
it is formed. In some 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 is 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 14, and
the second housing 28) and will then describe the details of how they can fit together when

the device 1s fully assembled and how they may interact with ¢ach other,
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VALVE MEMBER

j81134 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
constrizcted from a flexibic material, such as silicon rubber or other material, The valve
member can cornprisc at feast one shoulder, or wing, 34 exicnding 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
positioniog of the valve member within the housing of the medical connector, as discussed m
more detail below. In some cmbodiments, three or four or even more shoulders can be used
effectively. In some embodiments, a single shoulder may be used.

{31141 Figure 3A is a top perspective view of 2 valve member. As illustrated 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 tlustrated, the
shoulders can extend from a ceuotral body 33 of the valve member 36 along 4 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 aloug a2 side surface 138, Tn some embodiments, the side
surface 138 can connect to the bottom 38 of the valve through a chamfer 139, In some
embodiments, there is no chamfer between the side surface and the bottom of the valve,

HERY! As illustrated, in some embodiments the top surface 136 and the outer
section §34 can be rounded. As discnssed further below, this can help with the process of
remmoving the valve from the mold when formed. Awmong other bepelifs, this can help
prevent accumulation of stress pomts in the valve member and can promote casier and more
efficient molding of the valve. In some embodimenis where the top surface and outer section
are rounded, the radius of curveture of the top surface 136 can be greator than the radius of
curvature of the outer section 134, In some embodiments, the radius of curvature of the top
surface 136 can be less than the radms of curvature of the outer section 134, and in some
embodments the two radit can be approximately equal. In some embodiments, the radius of
curvatie of the outer section 134 can approach zero such that the outer section 134 becomes
an outer edge. In some erbodiments, the radius of curvature of the top surface 136 can also
or independently approach zero such that the top surface forms a substantially right angle

with the contral body 33,
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[6116] In some embodiments, as idlustrated, the side surface 138 of the shoulder
34 can be wider at is top than at s 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 cmbodiments, the
angled surface 135 can extend above the top of the side surface 138, as illustrated.

[8117] With continuing reference to Figure 3A, in some embodiments the central
body 33 of the valve member can have a flat section 133 where the wall of the central body
has eon pushed m relative to othor scetions of the central body.  As illustrated, the flat
section 133 can be angled relative to the longitudinal axis 2 of the valve meruber such that it
naturally tapers out. The flat section is preferably angled such that it is wider at its top than
at its bottom. The flat section can help ensure room for the valve member to expand within
the housing 8 of a medical commecior 1 when a medical device is inserted into the valve
member, as discussed below.

{6118 The valve member can also include a slit 32 extending into the central
body 33 of the valve member 38 from the top wwface 38, The shit can be confignred to
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.

{6119} In some embodiments, the valve member can have a lp 82 (also reforred
to as an upper lip or first lip} 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 medical
connector, as discussed below, In some embodiments, the lip and the valve can have a
domed top surface 50, as illustrated, which can allow for the top surface to remain swabbable
in embodiments where the valve is placed into tension withw the connector, as discussed
below.

8126} Figure 3B illustrates a bottom perspective view of a valve member 38, As
dustrated in Figure 3B, in some embodiments a valve member can have a lower lip or
stepped scetion 827 {also referred to as a sccond lip) below the Hp 52, the lower lip having a
lower surface 54° and a side surface 83, In some embodiments, the junction between the
lower bip and the central body 33 of the valve member can be a right angle, and in some

embodinents it can be carved. o some embodiments, the junction 132 between the between
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the lower hip 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.

8121} Also visible in Figure 3B 15 a lead lumen 36 that extends from an opening
on the bottom surface 38 of the valve member 30, through the bottom surface, and into an
mner cavity of the valve,

{3122} Figures 4A and 4B illustrate cross-sectional views of the valve member 38
taken along the lines 4A-4A and 4B-4B, respectively, visible in Figure 3. These cross-
sectional views are at approximately 90° relative to cach other. As visible in Figure 4A, the
shit 32 can extend from the top surface 58 into the valve to an uuernal surface 51, creating a
passageway through the wall of the valve. In some embodiments, the slit does not extend all
the way through the wall of the vabve when the valve is molded and a thin layer of valve
material can cover the slit on the top surface. This layer is preferably thin enough to be easily
broken or to easily pop off.

123} In some embodiments, discussed in more detail below, the valve member
30 can have a first, generally relaxed, state and a second state in which the valve rember is
in greater tension along its longitudinal axis 2 than in the first state. In some embodiments,
the valve member in the {irst state may not be in tension along ifs longitudinal axis, In some
embodiments, the valve member in the first state may have tension along the longitudinal
axig that is less than the ension i the second state. In some embodiments, the valve member
in the first state may not be in compression in a plane perpendicular to its longitudinal axis.
In soroe embodiments, 1 the second state the valve member can have compression o a plane
perpendicular to tts longitudinal axis,

[G1234] In some ombodiments, in the planc of the ahit 32, the surface or surfaces
53 of the mternal cavity 3% of the valve member 38 {also referred to as inner surfaces of the
valve member} can narrow shightly uetil 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 slit can be greater than the width w2 of the internal cavity
35 adjacent the tapered section 137, when the valve is m a frst state. This can help facilitate
entry of a medical device, discussed below, and also help direct flow toward the lead fumen

36. In some embodiments, the ratio wi/w; of the width of the slit io the width of the iniernal
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cavity 38 adjacent the tapered section 137 can be greater when the valve 13 m the fivst state
than when the valve is 1n the sccond state. In some embodiments, the width wy can be
substantially equal to the width ws when the valve 13 in the first state, when the valve is in the
scoond 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 io wy can be approximately
1.25. In some embodiments, the ratio can he approximately 1.5, In some embodiments, the
ratic can he greater than or equal to ahout 11 and/or less than or equal to about 2. In some
cmbodimeonts, thoso ratios can describe the valve in cither a first state or a scoond statc.

[8125] Figure 4A ilhustrates a mumber of other dimensions, For example, visible
in Figore 4A is an upper lip width wy between the side surface 38 of the lower lip 52° and an
outer edge of the lip 82, a width wy hetween the central axis 2 and the onter 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 88 of the valve member, a total shoulder width we between the central
axis 2 and the outer pont of the outer section 134 of the shoulder 34, a net shoulder width
Wiz 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 30, an intermediate internal cavity width wye measured at the same height as the net
shoolder width, a width wy of the walls of the valve body 33 in this plane, a total lip width
wg, and an inner diameter 3, of the lead himen 36.

{81261 In some embodiments, the width wy of the walls of the central body 33 in
this plane can be gencrally constant between the top surface 136 of the shoulders 34 and the
junction 131 between the lower lip 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 jusction 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 w, 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
fip 52, In some embodiments, the ratio wg'wy of these widths can be between about 1 and

about 1.25, and i other embodiments the ratio can be between about 1 and about ¢.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 sccond state.

{6127 In some cmbodimenis the top surface 38 can be a section of a sphere, and
have a radius of curvature By, In some embodiments, the fop swface can have a radius of
curvature n the illustrated plane that differs from radil of curvature in other planes, such that
the top surtace 1s not a section of a sphere. In some embodiments, as ilustrated, the radius of
curvature can be groator than the height of the valve {the height being the sum of ha hag, and
h3), such that the center of curvature is located below the valve, In some embodiments, the
radius of curvature can be less than the height of the valve, such that the center of curvature
is located within the valve. The radius of curvature can also be substantially egual to the
height of the valve. In somwe embodiments, the radius of curvature can increase when the
valve is m a second state.  In some ecrobodiments, the radius of curvature can approach
infinity when the valve is in a second state such that the top surface 88 of the valve is
substantially flat.

{6128] Stmilarly, in some embodiments the jnternal 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 B,. In some embodiments, it can have a radius of curvature in the illusirated
plane that differs from radii of curvature in other planes, The radius of curvature can vary in
different embodiments in the same ways described above with respect to the top surface 56.
For example, the mternal surface 51 can have a radius of curvature R that i 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
merease when the valve 18 in a second state, and in some crobodiments can be generally flat
when the valve is 1n a second state.

{61294 In some embodiments, the radius of curvature B, of the internal surface 81
can be approximately egual to the racdws of curvature Ry of the top surface 51, In such
embodiments, the thickness t; of the slit can be generally consistent along its width wy. In
some embodiments, the two radii of corvature can differ such that the thickness ¢ of the slit
varies along the width wy. In some embodiments, By can be greater than Rs, and i some

embodiments By can be greater than Ry,
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{6138} In some embodunents, the ratio of the width of the shit w; to the shit
thickness t, 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,

{6131} In some cmbodiments. the ratio of the net shoulder width wyy fo the
mtermediate internal cavity width wyg can, among other things, affect the ability to withdraw
the valve 38 from a mold, as discussed in more detail below. In some embodiments, this
ratio can proforably be ne greater than 0.5, In somc embodiments, however, 1t can be greater
than 0.5, In some embodiments, it can be greater than or equal to about 6.2 and/or less than
or equal to about 0.5, In some embodiments, the listed ratios deseribe the valve when it is o
a second state, In some embodiments, they can describe the valve when in a first state,

{132} With contimuring reference to Figure 4A, the upper lip 52 can have a center
height by, measured from the bottom surface 34 of the upper lip to the top point of the top
surface 89 of the valve, and the lower lip 827 can have a center height hys measured from the
bottorn surface 847 of the lower lip to the top point of the top surface of the valve. The upper
}ip can also have an cdge height By, measured from the bottom surface of the upper lip to the
top of the valve at its outer edge.

161334 In some embeodiments, the ratio of the upper lip center height hy to the
vpper lip edge height by can be greater than or egual to about 1.5 and/or less than or equal o
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 ratic can affect the amount to which the radius of curvature By of
the top swrface 50 of the valve changes when the valve 1s moved to a second state. Simularly,
the ratio of the cdge height hy to the upper lip width ws can affect deformation of the valve
memboer when it is in a tensioned state.  In somc cmbodiments, 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,

{61341 In some embodiments, the ratio of the total lip height hyy (the sum of the
heights of the npper 52 and lower 32° lips) to the lower lip width wis can similarly affect
deformation of the valve member when 1 18 i 2 tensioned state. in some embodiments, this

ratio can be greater than or equal to about 1 and/or less than or cqual to about 2. In some

34



CA 02891255 2015-05-11
WO 2014/074929 PCT/US2013/069312

embodiments, the ratio can be greater than or equal to about 0.5 and/or less than or equal to
about 3.

{6135 In some cmbodiments, the ratio of the lower lip center height g to the
total lip height hys can also affoct deformation of the valve member and the amount to which
the radius of curvature By changes when the valve is moved o a sccond state.  In some
embodiments, this ratic can be can be greater than or equal to about 1 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.

{136} Smlarly, the ratio of the core height hygy of the valve (measwred from the
top of the shoulders 134 to the bottom 34° of the lower lip 527} to the total hip height hyy can
affect how the valve member deforms when in a tensioned state. In some embodunents this
ratio can be greater than of equal to about 5 and/or less than or equal to abouwt 7. In some
embodiments this ratio can be greater than or equal fo about 3 and/or less than or equal to
about 9.

[3137] The height by of the shoulder 34 can be measured from the bottom surface
58 of the valve 1o 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 hy of the outer cdge
of the Hip. [n some embodiments, their ratio By/By can be greater than or equal to about 2.5
and/or less than or egual to about 18, In some embodiments, the ratio can be greater than or
equal to about 4 and/or less than or equal to about 15, 1n some embodiments, this ratio can
affect how the valve deforms when it 15 placed in a tensioned state.

{6138] Related to the heights and widths of various portions of the valve member
38 is the angle @y of the chamfer 139 connecting the side surface 138 to the bottom of the
valve 58 and the angle a; of the side swrface 138 itselfl The side surface angle gz is generally
greater than the chamfer angle @y, and can be correlated with the shoulder width wy and the
shouider height ba.

{61391 Figure 4B illustrates a cross-scotional view {aken at approximately 90°
from the view of Figure 4A. As can be scen 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 shit
32, in this planc the surfaces 53 of the internal cavity 35 of the valve 3¢ can move apart from

each other unti] they reach 2 maximum width wyy at the bottorm of the mterpal cavity, before
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the tapered section 137 that connects o the lead lomen 36, Prefevably, the width wys at the
bottom of the internal cavity in this planc 1s equal to the corresponding width w, in the plane
of Figure 4A, and this scction of the valve forms a circle. In some embodiments, however,
these widths can vary. As illustrated, the internal cavity can widen at a generally constant
rate, creating cross-scctional vicws as in 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 ewbodiments, as 1liustrated, the surfaces 83 in thes plane begm
from a contmon location at the bottom of the shit 32, but in some cmbediments they arce
mitially separated. This gencral profile of the internal cavity — starting from a8 minimum
width and then widening to a desired magimum width — can help Limit the priming volume of
the valve 38 and medical connector 1.

HHEHY Also visible in Figure 4B is an upper lip width wyz o this plane, again
defined as the distance between the side surface 35 of the lower lip 827 and an outer edge of
the upper lip 82, and a lower lip width wyy. Preferably, the upper lip width wy in this plane
is egual to the upper lip width wy in the plane of Figure 4A. In some embodiments, however,
these widths can vary, The lower lip width wy; in this plane is preferably greater than the
fower fip width wys 10 the plave of Figure 44, although in some embodiments they can be
equal,  In some crmbodiments the lower lip width in this plane is greater than the lower lip
width in the plane of Figure 4A because the valve member 34 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 hip 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 hp 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 momber 38 and the arnount of back pressurc
sustained within the valve, Also contributing to the features of the valve is the ratio of the
larger of the two total lip widths — in this case the ratio we/hy with the total lip width we in
the plane of Fignre 48, In some embodiments, the ratio of the total lip width ws to the edge
height hy can be greater than or equal to about 1.5 and/or less than or equal to about 2. In
some emboediments, the ratio can be greater than or equal to about 2 and/or less thag or equal

to about 5.
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{6141} Similarly, the ratio of the total hip height hys to the lower lip width wyy can
also provide a measure of lip rigidity, In some cmbodiments, this ratio can be between
approximately 0.75 and approximately 1,25, in some embodiments, this ratio can be greater
than or egnal to about .5 and/or less than or equal to about 1.5, The ratio of the lower lip
center height by 1o the lower lip width wyy can also provide weasures of Hp rigidity. In
some embodiments, this ratio can be greater than or equal to about | and/or less than or egnal
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.

{61424 In some embodiments, it can be preferable for the lower Hp width wys to
be large encugh for the walls of the valve to have room to be displaced when a medical
device s mserted into the valve. In some embodiments, the ratio of the lower lip width wys
in the plane of Figure 4B to the lower lip width wyg in the plane of Figure 4A can provide a
reflection of this measwrement. In some embodiments, this ratio can be greater than or equal
to about 1.2 and/or less than or eqoal o about 3. To some embodiments it can be greater than
or equal to about 1.75 and/or less thav or equal to about 4.

8143} Figure 4B also illustrates the angle o4 of the flat section 133 of the valve
member 306, Also visible is the angle s of the surfaces 53 in this plane of the internal cavity
358, As measured, both angles are relative to a horizontal line on the bottom surface 58 of the
valve. In some embodiments, as iHustrated, 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 moer surfaces 83 can be less than the angle @4 of the flat section 133, such
that the width of the walls of the central body 33 at the flat section 133 increascs 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. Similarlv, in some embodiments, the angle @5 of the
inngr surfaces 83 can be less than the angle ¢ of the central body 33 below the flat section
133. Thus, below the flat scotion, the width of the walls of the central body 33 can decrease
as the wall moves toward the tapered section $37 of the shit  Alternately, in some
embodunents, the angle as can be approximately equal to the angle oy of the flat section 133,
In some embodiments, the angle gs of the mner surfaces 53 can be approximately equal to

the angle a3 of the contral body 33, In soroe embodiments, all theee angles can be the same.
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{6144 Also visible in Figure 4B 18 a bottom width wig in this plane between an
outer ¢dge of the lead lumen 36 and an outer edge of the hottom 58 of the valve momber, In
somce cmbodiments, the bottom width wies 10 this plane can be cqual to the bottom width ws
in the plane of Figure 4A. In some embodiments, the bottom width wie in thus plane can be
less than the bottom width ws in the plane of Figure 4A. In some embodiments, as
iHlustrated, the bottom width wig 0 this plane can be greater than the bottom width ws in the

plane of Figure 4A.

FIRST HOUSING

LERY Figure 5 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 48, In some
embodiments, the upper Luer counector 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

5

econd section can have an mnterior surface 47. The first section and second section can be

wm

joined by a ledge 48. Insome embodiments, and as tHusirated, 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 18, As
itlustrated, in some embodiments, the first section 44 and the second section 46 can have the
sarme outer diameter Oy (without considering the threading 42).  However, 1n some
embodiments the first section 44 can have an inner diameter ED; that is less than the nner
diameter ID; of the second section 46. The difference hetween these two can help define the
fedge 48 and can define its width wia.

8147} The ledge 48 can be used to help seat the valve member 38 when the
medical comnector 1s folly assembled. The lower surface 54 of the lip 32 of the valve member
can engage the ledge 48, positioning the valve member at 2 desired height relative to the first
housing 14 and helping prevent the valve member from passing farther into the first housing.
The height by of the second section 46 {i.c. the distance from the ledge 48 to an uppermost

point of the first hoasing 18) can be substantially the same as the height by of the lip 52 of



CA 02891255 2015-05-11
WO 2014/074929 PCT/US2013/069312

the valve member 30 prior to the valve member being placed 1 fension. [n some
embodiments, however, the height of the sccond section hg can be less than or greater than
the height hyof the lip. In some embodiments, the height of the lip 32 is greater than the
height hy of the second section 46 prior io the valve member being placed in fension, 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.

{6148} In some embodiments the width wys of the ledge 48 can be generally equal
to the width ws 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. 1 can also have a downward projection 66 within the interior space 6%
of the housing that can be used to help align the first housing 18 with the second housing 28
when the medical connector is assembled. The downward projection can extend from the
interior surface 48 of the first section 44 of the housing and into the lower section 112 of the
housing. In some ernbodiments, an interior surface 63 of the downward projection can form a
continuous surface with the interior surface 48 of the first section of the housing. In some
embodiments, the interior surface 63 of the downward projection can slope imward or
oufward relative to the interior surface 45 of the first section of the housing.

{6156] The downward projection can have side walls 62 that extend downward
a dircction substantially parallel to a contral longitudinal axis 2 of the housing 18, In some
embodiments, the side walls can taper toward each other as they extend downward., The side
walls 2 can attach to the interior wall or surtace 114 of the lower section 112 of the housing.

{8151} At a lower end of the downward projection 6, the projection can have
abignment sirfaces 64 that angle mward from the side walls 62 toward a bottom edge 66 at a
fower tip of the projection.  In some embodiments, the edge &6 can be gencrally
perpendicuiar to the central axis 2. In some embodiments, however, the tnnermost 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 embodiments, the innermost point of one or more of the side edges
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can be above or below the outermost point of the same edge, such that the edge is not
perpendicudar to the central axis.

{61521 In some cmbodiuments, the alignment surfaces 64 can be helical surfaces
(i.c. have a twist between their cdges 66 and their corresponding side walls 62) that can help
guide the first housing mto position with the sceond housing 26, as discussed further below,
The helical nature of the alignment surfaces of the illustrated embodiment is more easily
visible in Figure 7.

{01531 With continved reference to Tigure 6, the alignment surfaces 64 are
preferably symmetrical about a vertical plane on which the longitudinal axis 2 lics, as
ithustrated.  The alignment surfaces can have a height ks, weasored with respect to the
outermost point the edge 66 to the outermost point of the side edee 67. The aligmment
surfaces can also have a width wig, measured with respect to the same reference points as the
height. The ratic of the height ks to the width wyy can correlate to an angle, or “pitch”, of the
alignment surfaces. The pitch of the alignwent surfaces 64 can also help guide the first
housing into position with the second housing, as discussed below,

3154 Figure 7 illustrates a bottom perspective view of the first housing 18, and
Figure § illustrates a bottom view of the housing, The illustrated embodiment has two
downward projections 60 positioned on opposite sides of cach other within the interior space
£9 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 each
projection can have a radius ;. The downward projections can aiso have an angular width
@5 that bounds cither side of the interior surface of cach projection. Preferably, as illustrated,
the side walls 62 of cach projection cach lic on a plance and arc oriented such that the
tersceotion of the side wall plages forvos the same angle e In some anbodimonts,
however, the side wall plancs can form angles that are greater than or less than the angle ag
of the interior surface 63 of the projection.

{8155} 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 housing 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

Figure § are. As discussed further below, this symmetrical spacing can make proper
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alignment and assembly of the medical connector easier. In some embodiments, inchading
two downward projections facilitates the connection botween a first housing 18 and sccond

housing 28 in a particular rotational arrangement relative to cach other,

SECOND HOUSING

H136] Figure 9A illustrates a top perspective view of the second housimg 28,
The second housing can have one or more upward projections 70, Like the downward
projections 68 of the first housing 18, the upward projections 78 can bo thought of as being
positioned on a circle centered about a central longitudinal axis of the second housing 28,
and the interior surface 73 of cach projection can have a radius Ry (visible in Figure 10). In
the 1llustrated 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
second housing has multiple projections they can be symmetrically positioned around the
central longitudinal axis 2.

181587} In some embodiments, the mumber of upward projections can correspond
to the number of downward projections 6§ in the first housing 16, Like the downward
projections, cach upward projection 79 can have two side walls 72 that extend upward in a
direction substantially parallel to the central tongitudinal 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 cach
other at the same angle.

16158 Each vpward projection can also have two alignment surfaces 74 that
angle from the side walls toward an uppor odge 76 at an uppor tip of cach projection. The
alignment surface 74 and sade walls 72 can join at side edges 77. Like the downward
projections 68, m some embodiments, the upper edge 76 can be generally perpendicular to
the central axis 2. In some embodiments, however, the mnermost point of the edge can he
above or below the outermost point of the edge, such that the edge is not perpendicnlar to the
central axis.  Sumilarly, in some embodiments the side edges 77 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 sarme edge, such that
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the edge is not perpendicular to the central axis. In some embodiments, the upward
projections 70 can include a curved surface 81 configured to dircet and center the first
housing 19 as it is coupled to the sccond housing 26,

{3159 Also hike the downward projections 68, in some embodiments the
alignment surfaces 74 can be helical. Preferably, the alignment surfaces 74 have the same
shape as the aligrument surfaces 64 of the downward projections, such that opposing sets of
helical alignment surfaces 64, 74 can be pressed flush against cach other. The helical nature
of the surfaces can help promote rotation of the first and second housings selative to cach
other while the alignment surfaces are in contact with each other.

[6168) In some embodiments, cach upward projection can also have an opening
78 cut ont of it. The opening can mteract with the shoulders 34 of the valve member 38, as
discussed in more detail below,

G161} Figure 98 illustrates a cross-sectional view of the second housing 28. As
itlustrated and simtlar to the downward projections 68, ju some erubodiments the alignment
surfaces 74 of an upward projoction are symmetrical about a vertical plane on which the
longitudinal axis 2 lies. Also like the downward projections, the alignment surfaces can have
a height he, 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 he. The ratio of the height
ks 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
projcction 78 can be gencrally the same as the pitch of the alignment surfaces 64 of the
downward projections 68. In some embodiments, their piiches can vary. Preferably, the
pitch of the alignment surfaces of the upward and downward projections 15 steep enough
such that the first housing 1# and the second housing 28 do not bind when they are pushed
fogether and their respective alignment surfaces contact cach other. Preferably, the pitch of
the abignment surfaces s challow enough such that g sufficient “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 alignmens

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,

{3163} Figurc 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 cmbodiuments, the upper and lower scetions can be distinguished by their cross
sectional profiles, specifically with regard to therr mner diameters. For example, in the
illustrated embodiment the lower section 88 can have a profile that tapers from the bottom of
the cannula 86 to the upper scotion 87, In other words, the imner diamcter (and the
corresponding cross sectional area) can decrease from the lower end of the cannula to the
upper section.  As ilustrated, this decrease is linear, but in some embodiments it can be
nonlinear. In some embodiments, in contrast, the upper section 87 can have vertical interior
walls, such that the inner diameter Iy of the upper section 87 is generally constant. Tn some
cmbodiments, the outer dismeter Oy of the upper section 87 can be generally constant as
well. In some embodiments, the outer diameter of the upper section can vary, even it the
inner diameter is generally constant.

i8164] In various embodiments the upper section 87 and lower section 88 of the
Luer cannula 86 can occupy different proportions of the Luer canmila. 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 canmmula, 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 ey
diameter 13y can be greater than or equal to about 5 percent and/or less than or equal to
about 15 percent of the total length of the Luer cannule. In some embodiments, the upper
scction can be can be greater than or cqual to about 10 percent and/or toss than or equal fo
about 30 percent of the total fength of the Luer cannula,

10165} Similarly, in some embodiments where the upper scction has vertical
mterior walls, the ratio of the upper section o the lower section can be af least approximately
1:20, at least approximately 1110, at least approximately 1:5, at least approximaicly 1:4, at
icast approximately 1:2, or at least approximately 11, In some embodiments, the ratio of the
vpper 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 egual to abont 1110 and/or [ess than or equal to about 1:4.

[H166] Figure 9B also tllustrates an upper surface or upper boundary 7% 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 cannula 86 may extend to a position short of the upper boundary
79, In somo cmbodiments, it can be approximatcly lovel with the uppor boundary or extend
above the upper boundary.

8167} Figure 10 illustrates a top view of the second housing 26, As illustrated in
Figure 10, the upward projections 78 in the second housing 28 can form two gaps 71 between
thern. The gaps can have an angular width @y defined as the angle bounding the gap (e, the
angle that bounds adjacent sides of the interior surfaces 73 of adjacent projections).
Preferably, as Hustrated, the side walls 72 of each projection each lic on 2 plane and are
oriented such that the intersection of adjacent side wall plancs of adjacent projections forms
the same angle ¢y as that of the gaps. In some embodiments, however, the side wall planes
can form angles that are greater than or less than the angle gy that bounds 4 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
vpward projections 8. In embodiments where there is a single upward projection 70, the
gap 71 can be defined as the angular width between opposite side walls 72 ot the same single
projection,

{1168 The angular width o4 of the gap 71 can be substantially the same or
slightly wider than the avgular width us of the downward projection 68 of the first bousiog
18. In some cmbodiments, this can mean that the sum of the angular width g7 of the gap 71
and the angular width ¢, of the downward projection 68 of the fivat housing is approximately
{180 degrees. In some embadiments, the radius Ry of the mner surface 63 of the downward
projections 68 can be substantially the same as the radius R of the inner surfuce 73 of the
upward projections 78, These relationships can help to ensure proper alignment of the first

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

{169 Rotational alignment can be assured in part because if the first housing 18
is musaligned when it is placed onto the sccond housing 28, the mteraction between
alignment surfaces #4 of the downward projections 88 and alignment surfaces 74 of the
apward projections 78 will fend to twist the housings velative to cach other wntil the
dewnward 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 siress
within the components.

{8178} When a downward projection 68 is property located within a gap 71, the
side walls 62 of the downward projection 68 will preferably be adiacent side walls 72 of one
or more upward projections 76, preventing rotation of the housings relative to cach other. In
the illustrated embodiment, the first housing 18 can fit within the second housing 28 in one
of two positions, a first position aund a second position in which the first housing s rotated
188° relative 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 conld i together m one of three different
positions,

{31714 The fit between the projections 68, 78 also ensures alignment of the
longitndinal axes of each 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 cach
housing are aligned. There can be no other positions in which the first housing 19 and
second housing 28 can fit together. Additionally, because the valve member 36 can be
attached to the first housing 18 from the mold as it is formed, preper alignmoent of the valve
member within the housings can be assured.

18172} With reference to Figure 9A, proper alignment of the valve member 38
when the medical connector is fully assembled can hely ensure that the shoulders 34 of the
valve mernber 38 can il within the recesses or openings 78 of the second housing 28, This
can help keep the valve member m fension, as discussed in mewe detail below. Once the
alignment surfaces have positioned the first and sccond housing m 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 armular recess 18 in the first housing 18, In some embodiments, the annuolar
recess 18 positioned on the scoond housing 20 and a corresponding annular projection is
included on the first housing 1, such recess and projection cooperating together like recess
18 and projection 28 to inhibit axial movement between the housings 18,28,

{61731 In some embodiments, the first bousing and the second housing can have

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

ASSEMBILIES

{8174} Figures 1A and 1B illusirate the first housing 18, the second housing
26, and the valve member 38 during 2 first stage of the assembly process when
manufacturing the connectors. In a second 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 § and
Figure 11B is a cross-sectional view of the conuector at approximately 90° from the view of
Figure 11A. As illustrated in Figure 11 A, the valve member 3¢ can be molded into the first
housing 10 in an orientation such that the shoulders 34 are in alignment with the upward
projections 78 of the second housing 18 once the first and sccond housings are 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 3¢ to {it between the upward projections.

{61761 In some embodiments, the valve momber 38 and the first housing 18 can
be molded together as part of a two-shot injection mokd. In some embodiments, the valve
can be molded around a core pin (oot dlustrated) that can define the mitomal cavity 358 and
the icad tumen 36. A first sleeve (not shown) posttioned around the core pin can define at
least 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 48, This can allow the material that forms the valve
to flow into direct contact with the inferior wall 47 of the second section, forming the lip 52,
In some embodunents, the material that forms the valve can also flow indo divect contact with

the interior wall 45 of the first section 44 of the Luer councctor region 48, fornung the lower
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hip 82°. Forther, in some embodiments the molding process can be configared to allow the
material that forms the valve to flow above the sccond 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 446 (illustrated m Figore 6). In some embodiments, the molding process can be
contigured to allow the material that forms the valve to flow above the second section 46, but
only enough to form a dome on the top surface 58 of the valve while keeping the height by of
the lip 52 generally cqual to the height by of the second section 46, Figures 1A and TiIB
iHlustrate 2 valve member 38 and ficst housing 18 wolded 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.

81773 The valve member can also be formed with a height such that the lead
fumen 36 of the valve member does not reach the cannula 86 when the first housing 18 and
second housing 28 have first been joined together. The valve member at this point is in a
generally relaxed, fivst state. Also visible in Figures 11A and 118 is a gap between the valve
mermber 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 tn a second stage of the
agsembly process, the valve member can be stretched downward and the lead lumen 36 can
swround a portion of the cannula 86, This is 8 second state of the valve member, one
embodiment of which isilhustrated in Figures 12A and 12B.

{3178 With continued reference o Figures 11A and 118, in some embodiments
an imner dismeter 3y of the lead lumen 36 (visible in Figures 4A and 4B) can be less than an
outer diamcicr O of the upper scotion 87 of the cannula 86 (visibie in Figure 98). Thus, in
some cmbodiments, for the lcad lumen to fit around the cannula 1t must be strctched., The
ratio between the inner diameter of the lead fwmen ¥3; and the cuter diameter of the upper
section (¥, can depend on the particular physical propertics of the material used to construct
the valve member 38, Desirably, the ratio is such that the valve member 38 and lead lumen
36 will maintain a2 tight fit aroond the cannula that does not allow fluid to escape, but that
also does 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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{6179} The ratio between the mmer diameter 1y of the lead humen and the outer
diameter G5, of the upper section of the cannula 86 can also depend on the desired tonsion
within the valve member. The greater the tension in the valve member, the lower the ratio
will need to be 1n order to mamtain a it tight enough tor the lead lnmen 36 to remain i place
around the cannula 86. In some embodiments, the ratio can be greater than or equal to about
0.4 and/or tess 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,

{6186} Similarly, the ratie between the inner diamcter BBy of the lead lumen 36
and the bottom width ws in the plane of Figore 11A (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 $:/ws can be greater
than or equal to approximately | 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 inner diameter 15 of the lead fumen 36 and the bottom width
wyg i the plane of Figure 1B (both measurements visible in Figure 4B) can be similarly
modified. In some embodiments, this ratio I/wy can be greater than or equal o
approximately 1 and/or less than or equal to approximately 2. In some embodiments, it can
be greater than or equal to about 8.5 and/or less than or egual to about 3.

{3181} “ontinuing with respect to Figure 11A, and as described with respect o
Figure 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 posttions can
affect how much of the cannula will be swrrounded by the lead lumen 36 {and in some
cmbodiments portions of the mternal cavity 3%) when the valve member 38 is m the sccond
statc.

{81821 Figores 12A and 1B illustrate the medical connector 1 onee it has been
fully assembled and the lead fumen 36 has been stretched around the cannula 86, Figure 12A
iltustrates the same cross-sectional angle as Figure 11 A, and Figure 128 illustrates the same
cross-sectional angle as Figure 118,

{3183} To position a valve member 38 around the cannula 86, an msertion device
or cannuia {not shown) can be inserted through the slit 32 of the valve member and into the

internal cavity 35, In some embodiments, the insertion device can be a generally hollow
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cannula configured similar to a standard male huer. In some embodiments, the insertion
device 1s solid at the end that is directed into the valve member 36 to posttion it. In some
embodunents, the insertion device can be hollow and can have an inner diameter at its lower
tip that is at least slightly larger than the outer diameter OB, of the upper section 87 of the
caranida 88, The msertion device can be mserted into the interpal cavity 35 and pushed
downward until it reaches the lcad hymen 36, In some embodiments, the insertion device can
have stretched the valve member 36 downward from the fivst state, placmg the valve m
tension or moreasing the tension in the valve when the insertion device has reached the lead
fomen 36 In other embodiments, the slit profile is wide enongh to permit the insertion
device to reach the lead lumen withouot putting the valve in tension or increasing the tension
in the valve.

{1184} In embodiments in which the insertion device has a generally hollow eud,
the msertion device can be imserted to extend o the lead lhwoen until the lead lumen
surrounds the insertion device and the insertion device 1s positioned around a portion of the
carmtila 86 of the second housing 28, In some embodiments, the internal cavity 35 can
inciude a tapered portion 137 (visible i Figure 11A). The tapered portion can make it easier
for the inscrtion device to enter and cxpand the lead lumen as the insertion device 18 moved
into the valve member 38

[§185) As the valve member 38 is stretched 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 openmgs 78. The valve had been
compressed with the shoulder against the surface of the upward projections 78, but because
the valve member 38 15 formed of a flexible material the valve and shonlders can expand
back outward when they reach the openings, snapping inte the available space,

{1186 At this point, the valve member 38 is preferably positioned around the
imscrtion device, which in some embodiments can also be positioned around the cannula 86
of the connecting device. The ingertion 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.

-39~



CA 02891255 2015-05-11
WO 2014/074929 PCT/US2013/069312

{6187} In some emboduments, an msertion device does not need to extend all the
way to or be posttioned around the cannula 86, In some embodiments the msertion can be
sized such that as it i3 nserted into the valve member 3§, it contacts a wall of the miernal
cavity 35 of the valve member. Friction agamst the wall of the valve member can be
sufficient to push the valve member down as the inscrtion device s inserted hurther. The
bottom 58 of the valve member can contact the upper section 87 of the cannula 86,
compressing the valve member and cansing 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 votil the lead tomen becomes wide
enough and move around the upper section of the cannuia 86, As the insertion device is
mserted further, the lead lumen can shde further down the canmula until the shoulders 34
move into position within the openings.  This can be accomplished without the insertion
device reaching the luer cannula 86. When the shoulders are into position within the
openings, the insertion device can be withdrawn,

3188 When the mscrtion 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
forming a tight fit. Once the valve member has been positioned around the cannula 86, a
substantially straight fluid flow path ¢xists in the medical connector 1 that runs from the top
50 of the valve member, through the internal cavity 38, into the cannula 86, and out the
cannula 86 and out of the medical connector.

{6188 The length of the cannuia 86 that remams surrounded by the valve
mernber 38 can be the difference between the height by of the shoulder 34 as deformed in the
second state {i.c. the distance from the top surface 136 of the shoulders 34 to the bottom 58
of the valve member 38) and the distance by from the top of the cannula 86 o the upper
opening beundary 79, In embodiments where the cannula extends above the vpper opening
boundary, the portion of the canoula that remains suronnded by the valve member can be the
sum of these distamces hyhg.  In some embodiments, as illustrated, the valve member can
remain positioned around the upper section 87 of canuula 86 and a portion of the lower
scction 88, In some embodiments, the valve member remaing positioned around just a

portion of the upper section 87,
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{61961 Because the location of the upper opening boundary 79 can help determine
the sccond state of the valve member, the upper opening boundary can be positioned
according to a desired tension. More speceifically, it can be useful to refer to a ratio of two
distances: the distance he from the lower lip 827 of the first housing 18§ to the upper opening
boundary 7% {or the top surfacc 136 of the shoulders 34 when the valve member 15 1n the
second state as illustrated), and the distance hyp (visible in Figure 4A) from the bottom
surface 54° of the lower hip 527 to the top surface 136 of the shoulders 34 when the valve
member is in tho first state. The ratio is gencrally greater than or cqual to about 1.5 and/or
less than or equal to about 2.5, In some embodiments, the ratio can be greater than or equal
to about 125 and/or less than or equal to about 3. This ratio can affect the arsount that the
valve stretches when in the second state,

{191} In varions emibodiments, it can also be useful to refer to changes n height
of the valve menber between the first state and the second state. In some embodiments, the
height of the valve member can be defined from the bottom 38 of the valve member to a
lower lip 527 of the valve member. Thas, a height of the valve member in the second state
can be defined as the sum of the heights by and he, while a height of the valve member in the
first state can be defined as the sum of the heights hye and hs (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 58 of the valve
member, such as the uppermost point of the top surface or the location of the top surface
immediately adjacent an upper surface 49 of the Luer comnector 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 embodunents, the ratio can be greater than or egual to about 1.1 and/or less than or
equal to about 1.3,

16192} When the valve 30 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 Lip 52. In some
embodiments, the valve can be further supported by the outer surface of the lip 52 contacting
the mterior wall 47 of the second section 46 of the first housing 18, and/or the outer surface

of the lower lip 32 contacting the interior wall 45 of the first section 44 of the first housing.
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{6193} The tension within the valve member can prodoce a number of effects.
One such cffect is that the top 50 of the valve momber 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 30 can have a domed top surface 58 when the valve member 1s 1 is first state, as
ilfustrated in Figures T1A and 11B. When the valve member 1s m 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 cornbinations of the ratios discussed above soch that
the valve in its second state has a flat top surface 58. This can make it easier to swab the
surface and prevent acerual of bacieria or other clements that can increase the risk of
infection.

161841 Another resnlt of the tension within the valve member 38 is that the top 58
of the valve member can experisuce compression in a plave perpendicular to the vertical
stretching of the valve member. This corpression can keep the shit 32 more tightly closed at
the top surface 5§ of the valve, generating a tighter seal for the connector.

THRY Figores 134 and 3B illustrate an embodiment of the medical comnector
where a medical device %8 has been attached to the first housing. Figure 13A is 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 %8 can have a Luer canmula 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 Lucer connector region 48 of the first housing
8. The Luer cannula 86 can enter the valve member 38 through the slit 32 (not visible) and
can ¢xtend into the internal cavity 358 as the connecting region %4 1s screwed onto the medical
connector. In some emhodiments, the Luer canmnla can be configured to be inserted until the
connecting region 94 contacts the outer ledge 41, In some embodiments, the Luer cannula 86
can he configured to extend past the outer ledge 41, or in some embodiments 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 forther
insertion of the Luer cannula 96.

{31961 As the Luer cannula $6 coxionds inte the valve moember 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 cannula 86 of the second hounsing 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 dlustrated, the shoulders can remain against the upper
opening boundary even as the Loer cannula 96 is fnserted into the valve.

{3197} In some embodiments, the connector § can be configured to recelve a
medical device 88, or a medical device can be configured to attach to the connector, such that
the Luer cannuia 96 extends only partially imto the shit 32. The cannula can extend far
enough iunto the slit to open it, but not all the way through the slit and into the internal cavity
35, Iuv some embodiments, using a roedical device 86 configured 1n this manner can cause
the expansion of the slit 1o be greater than the volume occupied by the cannula within the
valve 3. This can create neuntral or even positive flow when the Luer cannula %6 is
removed, such that fluid is not sucked back up the valve,

16198 Once the medical device 94 has been inserted into the medical connector
1, a fluid How path can exist from the medical device into the valve member 38 and into the
cannula 86 of the Luer connector region 8§ of the second housing 28, As discussed above,
the first housing 18 and second housmg 28 are preferably configored such that thew central
fongitudinal axes are generally in alignment when the housmgs are joined together, In some
embodiments, the medical device 94 can attach to the medical comnector 1 such that the
iongitudioal axis of its Luer cannula %6 s suodarly aligued, aud the thuid flow path can be
substantially straight.

{199 From the canmnla 86, flind can flow into a second medical device {not
ittustrated) that can attach to the second housing 28, Like the first housing 18, the second
housing can bave a Luer conncctor region 88 to facilitate joining the connector 1 to medical
devices with female Luer connectors or other types of connections. The Luer connector
region 88 can inchude 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 hab, In
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some embodiments, other interfaces and connections can be used in place of or in addition to
the Luer connector region 88, such as Luer slip connections, barbed hose fittings, cic,
similarty, though referred to hercin as a luer cannula 96, the medical device 98 may include
a different shape cannula and the upper foer connection region 48 of the first housing 18 can
be configired to accommodate alternative shapes.

200] In some embodiments, fluid flowing through a medical conmector at high
flow rates {e.g. about 450 nulliliters per nunute) can develop air bubbles, especially when
flowing from down to up (i.c. from the malc Luer conncetor region 88 to the fomale Luer
connector region 4¢). When blood is 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.

{§2011 Additionally, in certain embodiments it can be desirable to have a
mechanism for venting the interior space 6% of the first bousing 1. For example, it may be
desirable o allow air or other gases o escape from the nterior space 69 of the fivst housing
while the first housing is attached to a medical device. Additionally, a venting mechanism
can allow air or other ambient gases {0 enter the interior space 69 while a medical device is
removed from the first housing 18 in order o help prevent a vacoum forming that can lock
the medical device to the housing or meke its romoval difficult. A venting mechanism can
also allow water, cleaning or disinfecting solutions, or other liguids to escape the interior
space &9 while the first housing 18 is connected to a medical device,

{6282 In some embodiments, a gap 9 between the first housing 10 and the
second housing can help create a venting mecharism. The gap 9 can lead to the openings 78,
creating a fluid connection from the ambient environment outside of the connector §, through
the gap 9, thuough the openings 78, asd unto the interior space 69 of the first housing. This
connection can scrve as a venting mechanism,  In some embodiments, the gap 9 can be
greater than or equal to about G.1 millimeters and/or lfess than or equal to about (.2
millimeters, In some embodiments, the gap can be greater than or equal to about (.05
millimeters and/or less than or equal to about 0.3 millimeters. In some embodiments, the first
and second housing can be constructed such that no gap exists between the first housing and

second housing, or such that no functional gap exists between the housings.
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VALVEINSERTS

62031 Figure 14 illusirates one embodiment of a medical connecior 1081, The
cmbodiment of Figure 14 and the embodiments described below are similar in many respects
to the cmbodiments described above. To the extent that specific differences are not
provided, simtlarly mumbered clements can be cousidered to have sipular fuocticus o
clemnents previously deseribed. Similarly, components that are not specifically called out or
discussed can be considered to function similarly to their counterparts described clsewhere
horein. Additionally, to the oxtent possible, it 8 contenaplated that cloments of any
embodument discussed in this disclosure can be combmed with other elements of any other
embodiment,

284} Like the embodiments discussed above, the embodiment of Figure 14
comprises a housing 16868 and a valve member 1830 positioned at lcast partially within the
housing. The housing 1808 can include a first housing 1818 and a second housing 1628. As
described above, the second housing 1828 can inchide elements designed to umprove a grip
on the medical connector, In some embodiments, ag illustrated, the second housing 162¢ can
incinde elevated ridges 1824, The elevated vidges 1824 can be a series of cwrved ares that
ron up from a lower end of the housing toward an upper end of the housing, tum, and run
back toward the lower end of the housing. This shape can make it easier for the fingers of an
individual that grips the connector to slide up along the housing 1828 vl 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 1828 than they are toward an upper end of the
second housing, The relative proximity of the ridges 1624 at the upper end of the housing
whore thoy curve can incercase the arresting offcet of the ridges on the sliding motion of a
user’s fingers.,

10285 Also, as described above, the outer surface 1022 of the second housing
1020 can have a concave profile along a path from the upward facing surface 1421 to the
lower edge 1826 of the sccond housing, In some embodiments, and as illustrated here, serics
of elevated ridges 1824 can be closest to each other near the deepest point of the concavity in
the second housing 1020, This can help improve the gripping surface because if a user grabs

the connector toward a lower end of the sccond housing, his or her fingers will naturally shde
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along the series of elevated nidges 1824 and toward the lowest point of the concavity where
they will be 1n contact with the curved, more fightly packed sections of clevated ridges 1024,

{1286] Figore 14 also illustrates one embodiment where the height of the first
housing 1818 (i.c., the distance from shoulder 1816 to bottom surface 3011} 15 less than the
height ot the second housing 1424 (e.g., the distance from the lower edge 1626 to the upward
facing surface 1621).

{26871 Figures 15A-15C illustrate one embodiment of a valve member 1630 that
gan be configured to be used in a wedical connector 1801, such as the connector of Figure
14, The valve member #3034 can also be configured for use, however, with other
embodiments of mwedical connectors deseribed above and below. Figure 1534 illustrates a
perspective view of the valve member 1038, and Figaves 14B and 14C illustrate cross-
sectional views of the valve member 183§ taken from cross sections rotated approximately
90° relative to each other. Figure 15B is a cross sectional view in a plave parallel to the
orientation of the shix 1032 in the valve,

[6208] As above, the valve member can include a top surface 1958, a lip 1452
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 15SA-15C illustrate an embodimoent of a valve member with a single
lip 1052, The valve member 193¢ can have a slit 1832 that extends into an internal cavity
1635, which in turn extends down to a lead lumen 1836, In the cross section taken along the
length of the siit along the top surface 1858 (i.c. Figurc 15B), the internal cavity 16358can
maintain substantially the same width as it cxtends toward the iead lumen, such that the
width wig of the shit 1632 at the top 1050 of the valve member is approxamately equal to the
width wip atl the bottom of the internal cavity 1835, before a tapered scotion 1137 that
connects 1o the lead honen 1036, In some ewbodiments, the width wigy can be slightly less
or greater than the width at the botiom wyge. Similar to embodiments discussed above, in a
cross section taken at 98° to the length of the slit, and as vistble in Figure 15C, the width of
the internal cavity 1035¢can expand from a point at the surface 1858 of the valve 1038 0 a
width wider than the lcad lumen 1836, before reaching the tapered section 1137 to the lead

lumen.
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{6289 Also as above, the valve member can mchide 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 generally
right angle with the central body 33 of the valve. In some emboduments, also as
itiustrated, the side surface 1138 of the shoulders can be generally vertical and/or form a
generally right angle with the top swrface. Further, in some embodiments the outer section
1134 of the valve member can be an outer edge.

(0216} In some embodiments, the width wig of the internal cavity 1035%adjacent
the tapered section 1137 1 the plane with the shoulders (i.e. the plane of Figore 13B) 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 (re. the plane of Figure 15C).
Ag illystrated, the width wyq 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 in the plane with the shoulders. In some embodiments, the
widths can be equal to cach other,

8211} In some embodiments, the upper surface 1850 of the valve member 1438
can be flat or nearly flat while the valve member is in a first state, before it 1s placed into the
sccond state.

{62821 In some embodiments, as illastrated in Figure 15C, the anglc @344 of the
flat section 1133 of the valve member can be approximately equal to the angle wyes of the
surfaces 1853 of the internal cavity 3835 in this plane. In such cmbodiments, the width of
the walls of the ceniral body 1833 at the flat section 1133 can reman generally constant
along the length of the flat section.

16213} With continucd reforcnce o Figures 15A-15C, in some cmbodiments the
valve member 1038 can be molded around a valve insert 1831, The valve insert can be nsed
to provide oxira support for the valve member as it is stretched and placed into teusion to
surround a portion of a cannuda, 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 i some

embodinents it can have other cross sections such as a square, oval, triangle, ete.
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{6214} Figures [6A and 168 illustrate cross sections taken at 80° relative to each
other of valve member 1038 when in 4 sceond state within a medical connector 1081, Figure
16A is a cross section taken in the same planc as Figure 158, while Figure 168 similarly
corresponds fo Figure 15C. As described above, the first housing 3838 can have a Luer
connector region 1848 that includes a first section 1844 with an inner diameter that is fess
thar that of a sccond section 1846, and a ledge 1048 between the first and second sections.
The lower surface 1054 of the lip 1852 can seat onto the ledge. As the lead lumen 1036 is
stretehed to it around the cannula 1086 (as described above), placing the valve member
1030 in tension, the valve msert 1831 can brace agamst the ledge 1848 and provide
additional support for the valve member. This additional support can help prevent the top
surface 1650 from moving downward. In some embodiments, this can help keep the top
surface 145¢ flat and swabbable. In some embodiments where the valve is not moldec
within the first housing 1618 the valve insert can help prevent the valve from folding inward
or slipping when pulled into tension.

{62151 Additionally, and as described above, the shoulders 1634 of the valve
mernber can serve 1o brace the valve member 1638 and maintain it in a second state onee it
has been placed arcund the canmula 1886, However, rather than snapping info openings
within upward projections of the second housing 1628, the shoulders can have room fo
expand into an upper cavity 1623 of the sccond housing. The tops of the shoulders can be
positioned beneath a lower ledge 1815 of the first housing 1018, which can prevent the valve
member 1838 from retracting upward and maintain the valve member in tension. In such
embodiments, because the shoulders can expand generally into the upper cavity 1023 of the
second housing, the first and second housing can be assembled together in any aligniment.

[0216] Figores 10A and 168 also illustrate an alternative method of joining the
first housing 1618 and the sccond housing 1828, Rather thao 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. Additonally, in some

embodiments the medical connector can have a cannula 108& 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 to an upper end.

{82171 Figurcs 17A-17C illustrate onc cmbodiment of a valve member 2636, The
valve member is dlustrated 1 8 sccond stafe, and the top surface 2858 s slightly depressed.
As discussed above, however, in different embodiments the top surface 2658 can be flat
when 1 the second staic or slightly convex, It can also be slightly convex or flat in the first
state. Figure 17A llustrates a perspective view of a valve 20368, and Figures 178 and 17C
illustrate cross-scctional views of the valve momber 20838 taken from cross soctions rotated

]
i

approximately 88° relative to cach other. Figure 17B 1s a cross sectional view in a plane
parallel to the orientation of the slit 2032 in the valve.

{6218} As tllustrated in Figures 178 and 17C, the valve member 2838 can
comprise & rigid valve mnsert 2831 which, as above, 15 a rigid ring about which the valve
member can be over-molded. The valve insert 283% can have a generally sguare or other
shaped cross section. In some embodiments, as described above, the valve member can
comprise a first lip 2082 and a second lip 2052 below the first lip and not exiending as far
outward as the first ip. The second lip can have a lower surface 28584” and the first lip can
have a lower surface 2854,

{6219 In some embodiments, the side surface 2138 of the shoulders 2834 can
have a curved profile, most easily visible in Figore 17B. In some embodiments this curved
profile can be a concavity, Similarly, in some embodiments the valve member can have a
curved section 2158 below the flat section 2133 of the central body 2833 of the valve, In
some cmbodiments, the internal cavity 2838 can inclode a curved section 2182 that is
adjacent the tapered scction 2137 that connecls to the lecad lumen 2836 In some
cmbodunents, as ilustrated, the curved section 2152 can be around the entire cucunference
of the internal cavity 2835, In some ombodiments, it can be around just a portion of the
circumference of the imternal cavity such that s profile is visible in only one of the cross

sectioms of Figures 178 and 17C.

02261 Figures 18A and 188 illustrate cross seetions taken at 907 relative to each
other of a valve member 2038 when in a second state within a medical connector 2061,

Figure 18A 15 a cross section taken in the same plane as Figure 178, while Figure 18B

similarky corresponds to Figure 17C.
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{6221 The valve merber 2838 can be nsed within a housing such as that of
Figure 13 and Figures 16A and 168, or can alternatively be used in other housing
cmbodiments, As illustrated in Figores 18A and 18B, in some embodiments with a valve
with first and second {or upper and lower) lips, the lower lip surface 2884° can scat on the
fedge 20848, Additionally, the lower surface 2854 of the upper lip 2852 can scat on the
uppermost surface 2049 (an upper ledge) of the Luer connector region 2048 of the first
housing 2030, These two plancs of contact can provide additional support for the valve
member 2038 as it is pulled into tension and placed around the cannula 2086, In some
embodiments, the valve insert 2031 is positioned at least partially within the upper lip 2652
such that it extends over at least a portion of the upper surface 204% of the first housing. In
some embodiments, the valve insert 2631 can be positioned within the lower Hp 2082°, at
ieast partially below the upper lip 2852 and below the upper surface 2849 of the first
housing,

{62221 Figures 19A-19C illustrate one embodiment of 3 valve member 3438,
Figure 194 illustrates a perspective view of a valve 3034, and Figures 198 and 19C illystrate
cross-sectional views of the valve mewmber 3030 tsken from cross sections rotated
approximately 90° relative to cach other. Figure 198 is a cross sectional view in a plane
parailel to the orientation of the shit 3432 in the valve,

82231 As illustrated, rather than having a valve msert 3831 positioned eniirely
within the valve member 3438, in some embodiments a valve member can be molded about
Just a portion of the valve wmsert 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
illustrated, in some cmbodiments the valve inscrt can be a scction of a cylinder that is
attached to the valve withun the lip 3052 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 arcund the valve insest,

{6224} This type of valve insert can also provide increased rigidity and support
for the valve member 303¢ because, by having the insert extend out of the valve, in some
embodiments the insert can be placed divectly against a ledge 3048 of the housing, as

ilusirated in Figures 20A and 20B. Figures 20A and 208 illustrate cross sections taken at
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907 relative to each other of valve member 383¢ when in a second state within a medical
connector 3081, Figure 20A is a cross section taken in the same plane as Figure 198, while
Figure 208 simiarly corresponds to Figure 190,

{02251 The valve momber 3838 can be used with the vanioos ambodiments of first
housings described above, but depending on the size of the valve insert the first housing 3818
may need to be medified to accommodate the nsert.  For example, m the illustrated
embodiment, the first housing 3030 has a first scction 3044 and 3 second section 3046 with
an inner diameter greater than that of the first section 3844, as discussed above. However, in
somme embodiments the height hags 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 36854 of the lip 3858 of the valve to comtact the upper surface 3849 of the Luer

connector region 3448 of the first housing 3618,

ROLLING VALYE

j6226] Figures 21-23 illystrate the componenis of an alternative embodiment of a
medical connector. Figure 21 illustrates the first housing, or outer body, 4818 which can
include a plurality of depressions 4814 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 s bottom surface 4017 of the depressions 4934,  As illustrated, the
bottom surface 4417 can have a width along a circumference of the outer body 4414 that can
be approximately the same as the width of the outer surface 4812 of the ouler body between
adjacent depressions. In some embodiments, the width of the bottom surface 4817 can be
less than or greater than the width of the outer surface 112 between adjacent depressions.

{6227} The size and mamber 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 corvesponding 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 allowing each
finger to be within a depression.  Additionally, the width of the outer surface 4012 between
adyacent depressions can be less than the average width of a thumb or forefinger, or in some

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

{6228} Figure 22 illustrates an embodiment of an imner body 4028, which when
assembled as part of @ medical connccior can be completely within or at least partially within
the outer body 4618, The inner body can include a cannula 4886 that runs through the mner
body, with a lower section 4888 of the cannula extending out below the joner body from a
Luer connector region 4880, and an upper section 4487 of the cannula extending up above
the inner body fromw top surface 4821, The ioner body can also inclade an anmular projection
4028 which can be sized and configured to fit within an amnular recess 4818 of the outer
body, as illustrated in Figure 25

[6229] The ner body can also have a plurality of cutouts 4078 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 ammular projection 4028, In some embodiments, the mterior
surface of the outer body can have at least one projection sized and configured to mate with
the cutouts. This mating can help maintain 2 desired orientation of the inner boedy relative to
the outer body, and can help prevent rotation once the outer and inmer bodies have been
agsembled together, Also as illustrated, the edges of adjacent cuicuts 4070 can be angled
away from each other as they run from at or near the top surface 4621 toward the annular
projection 4828, They can also come fo a pownt, or edge, at or near the top surface, which
creates a generally triangular shape in the outer surface 4822, as illustrated. This point, or
edge, can make it so that the corresponding projections within the outer body will not jam
agaiost the outer surface if nusaligned but will justead vaturally slide into the cutouts.

{6238 Figurcs 23A-238 illastrate onc cmbodiment of a valve member 4636,
Figure 234 is a perspective view of the valve momber, while Figure 238 is a cross-sectional
view. As above, the valve member can include a shit 4832 in the top 4058 of the valve that
extends o an internal cavity 4835 of the valve. As can be seen more clearly in Figure 238,
n some embodiments the internal cavity 2835, rather than being a gradually expanding
opening that extends to a lead lomen as in previous embodiments, can instead run through

the base 4836 of the valve. Additionally, in some embodiments the cavity can have a

53~



CA 02891255 2015-05-11
WO 2014/074929 PCT/US2013/069312

syimmetric interior such that it has the same vertical cross section no matter the angle at
which the cross section is taken.

#2314 The valve 4039 can also comprise one or more bulging sections 4834
when the valve 1s in an first state.  Hach section 4834 can have an inner and ounter diameter
that increases from an original valoe {¢.g. the inner diameter Hl4es and outer diameter BB
of Figure 238) to a local maxinunn value {(e.g. the inner diameter 40 and outer diameter
OBD404 of Figure 238), and then decreases to a local mimimum value. This increase and
decrease of the inner and outer diameters creates angled segments 4039 that are angled
relative to the central longitudial axis 2 of the valve member. In some embodiments, as
ithustrated, 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 403% can have a constant angle. In some cmbodiments, the outer surface 4148
and/or the inner surface 4146 of the angled segments 4639 can have a varied angle relative o
the longitudinal axis of the valve menber. In some emabodiments, 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 3{° and about 60°.

6232} Because of the angled segments 4039, the bulging sections 4034 can be
iess resistant to a compressive force parallel to the longitudinal axis of the valve 4838 than
other sections of the valve member, In some embodiments, the angled segments 4639 can be
configored such that when the valve receives a compressive force along its longitudinal axis
{c.g. when a Luer canmula from a medical device 18 being inserted), the bulging seclions 4434
will compictely fold i (e.g. such that the slope of the angled segmeunts 4839 approaches
zero) before the slit 4032 opens or begins to open. This is discussed further below,

{6233} As dlustrated in Figure 238, in some embodiments the top 4858 of the
valve member can have a width wygs that is greater than the width wsyy of the upper side
wwalls 4033 of the valve member. In some embodiments, the ratio wyg/ wayy of these two
widths can be greater than or equal to about 1 and/or less than or egual to about 2. The
greater relative width of the top 4858 of the valve can make the top 4859 of the valve
mermber and the slit 4832 more resistant to bending and opening when a medical device

connects o the Luer connector region 4849 of outer body 4438, 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.

2341 Additionally, in somc cmbodiments the valve moember 4636 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 sections 4034, Sumilarly,
the hase 4056 of the valve can have a different width than sections of the walls and of the top
4650, In some cmbodiments, the base can be thicker than any of the walls and thicker than
the top 4850, This can help support the valve as it is compressed.

[8235] Figures 24 and 29 illostrate fully assembled embediments of a medical
conncctor 4601 using the clements of Figures 21 through 23B. As can be scen in Figare 24,
the outer body 4818 can compietely 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 4883, In this embodiment, the cross-
sectional view is not dependent upon the angle at which it is taken, but is consistent around
the entire circumference of the connector,

{82361 In some embodiments, as illustrated, the valve member 4838 does not
need to be streiched and placed 1o a second state 1o ovder 1o be positioned around the upper
section 4087 of Luer cannula 4086. The valve member 483¢, cuter body 4018, and inner
body 4624 can be configured such that the valve member can reach the Loer cannula 4887
while m the first state when the connector is assembled. In some embodiuments, the nner
diameter of the cavity 48838 at the base 40586 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 aroond the cannula. This can help maintain a seal between the valve moember and the
cannula that can substantially prevent the passage of liguids.  In some cmbodimoents, the
mner diameter of the cavity 4835 at the base 4056 of the valve can be substantially the same
as or greater than the outer diameter of the canmila 4887 at the top of the cannula. In some
emhodiments, the valve can be inserted over the cannola until a bottom surface 48588 of the
valve contacts the top surface 4621 of the inner body 4824

#1237} In some embodiments the bulging sections 4834 can have local maximum

outer diameters Oy that can fit within the inferior space 4069 of the outer body 4818
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without the valve member 4838 being compressed 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 compressod at least partially by an interior wall 4114
of the housing.

{82384 Also visible m Figure 25 15 the arrangement of the valve member 4638
within the outer body 48180, In some embodiments, the valve member does not have a lip
that scats within a ledge in the Luer comnector region 4640 as i various cmbodiments
discussed above. This can allow the valve momber to be pressed into the outer housing, and
in some embodiments out of the Luer convector region 4849 entirely, when a medical device
is comnected to the medical conuector.  Additonally, the valve member 4838 and interior
surfaces of the outer body 4818 can be configured to align with each other, thereby helping
minimize the size of the comnector and unnecessary space within the compector.  For
example, interior surfaces 4835 can be angled at approximately the same amount as the outer
surface 4148 of the angled segments 46839 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 conpector. Similarly, a downward facing interior surface
481587 can be positioned over the base 4056 of the valve, helping keep the valve in position
within the medical connector,

161391 Figures 26 and 27 illustrate cross-sectional views of the medical connector
4081 of Figures 24 and 25 as if is being attached to a medical device 40%6. Figure 26
illustrates the medical connector when if is partially attached to the medical device and
Figure 27 illustrates the medical connector when it is fully attached to the medical device. In
Figure 26, it can be seen that the Lucr cannuls 4096 of the medical dovice 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
agamnst each 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 4858 can be such that
the shit 4632 does not completely open at this point, or in some emhadiments has not vet

begun to open.
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{62481 The medical device can be jnserted further, screwing mwto the top Luer
connector region 4848, as discussed above with respect to Figores 13A and 13B. In some
cmbodimonts, the medical device can be mserted untidl the tip of the connection region 4694
of the medical device 4098 contacts and 1s braced against the upper surface 4913 of the outer
body 4018, At this peint, the Luer cannuia 40%8 of the wedical device 4898 can have
extended almost all the way to the Luer cannula 4086 of the ner body 4828, The Luer
canntila 4096 can also have advanced far enough to compictely open the shit 4032 of valve

member 4038, creating a clear and duect flow path between the two cannulas.

TEGO TAB

(62411 Figures 28 and 29 illustrate one embodiment of a medical connector 5081.
In various cmbodiments the medical connector can have any of the features or aspects of the
embodiments discussed above. Figure 28 is a cross-sectional view of the medical connector
when fully assembled. As above, the medical connector can inclode a first housing 5618, a
second housing 3628, and a valve member S838. Alse as above, the valve member can have
a top 585¢ with a slit 3432 that extends through the top and into a cavity within the valve. In
some embodiments, the Luer cannula 5086 of the second housing 5020 can extend into the
valve 5030 and all the way to a lower surface of the valve top 3858, as illustrated. The valve
top on cach side of the siit 8632 can have a width wsye measured from the shit to the Luer
cannula 5486,

{6242} In some cmbodiments, the inner diameier of Luer canmula 5886 can vary
along the cannula’s length, In some embodiments, the Luer cannula 5686 can have a lower
section 5888, a middle section 5685, and an upper section 3887, In some erbodiments, cach
scotion can connedt to the other by a tapered seotion. For example, in some cmbodiments an
upper tapered section 8187 can connect the upper section 5887 1o the middle section 5085, In
soroe embodiments, a lower tapered section 5185 can connect the middle section S885 o the
lower section S088. FHach section can have a constant or a varying inner diameter, and in
some embodiments the upper section 3887 can have at least one mner dismeter that is larger

than any nner diameter of the lower section 3088 or the middic section 5685, In some
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embodiments, the middle section 5485 can have at least one mner diameter thai 1s larger than
an mner diameter of the lower scetion 5088 of the Luer cannula 5086.

{52431 In some embodunents, some sections can have a constant mner diameter
while others can have a variable inner diameter. Further, in some embodiments the inner
diamcter of diffcrent scctions can vary in different directions.  For exaniple, in some
embodiments the upper section 3887 can have a generally constant inmer diameter or an inner
diameter that decreases from the top of the upper section toward the bottom of the upper
scetion; the middic scoetion 5885 can have an inncr diameter that decrcascs from the top of
the middle section toward the bottom of the nuddle section; and the lower section 5888 can
have an mner diameter that increases from the top of the lower section toward the bottom of
the lower section.

{8244} The upper section 5087 can have a height hsy, the middle section 5088
can have a height hsyy and the lower section 53088 can have a height hsp;.  In some
embodiments, the height ks of the upper section can be less than the height hgyy of the
middle section, which can be less than the height hsyp of the lower section. 1n some
embodiments, the different sections can have different relative heights or can have egqual
heights.

{02451 Figure 29 illusiraies an embodiment where a medical device 5698 has
been inserted into the medical connector 3861, The middle section 3685 of the Luer cannula
5086 of the second housing 5628 can have an oner diameter that corresponds to an ouler
diameter of the Luer cannula 8896 of the medical device 50906 such that the Luer cannula
5096 can fit tightly within the middle section 8085, [f the outer diameter of the Luer canmila
5096 of the medical device 5898 varics, the mner diamcter of the middle scetion 5685 can
vary accordingly. For example, i the Lucer cannula 5696 of the medical doviee 5898 has a
taper, the middle section 5885 can have an incressing diamcter from bottom to top that
mereases at the same rate the Luer cannula 5896 of the medical device 3698 tapers. This
correspondence can create a tight {it hetween the two lners, allowing them to mate without
having undesired leakage of fluids passing through the luers. Having the two huers join
directly can also establish more direct flow paths between medical devices attached to each

end of the medical connector 50661,
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[6246] When the Luer cannula 5896 of the medical device 58248 is attached to the
medical connector 5481, it can push through the slit, separating cach side of the top 5850 of
the valve momber and folding the sides downward, Beocause any mner diameter of the upper
section 5087 can be greater than an mner diameter of the muddle section 5085, m some
embodiments there can be space for each side of the top 5856 of the valve member 5638 to
fit between the Luer cannula 5896 of the medical device 5098 and an inner surface of the
upper scction 5087 of the Luer cannula 3886, as illustrated in Figore 290 In some
embodiments, the height hsie of the upper section 5887 can be greater than the width wsig of
cach side of the valve top 3056, which can help ensure that cach side of the valve top is not
too long to fit into the availabie space.

16247} The mper diameter of the upper section 3887 can be configured such that
the gap between the Luer cannunla 3696 of the medical device 3898 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 3058 of the valve member 5634, 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 5896 and the top $630, such that when the canmula is removed it can pull the valve

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

FOUR PIECE EMBODIMENT

102481 Figures 3G-32B iHustrale one enbodiment of 2 medical connector 6061,
As seen in Figure 30, the housing 6688 can be sobstantially the same along its outer surfaces
as the housing described with respect to Figure 14, Unless otherwise indicated, the medical
conneotor 6041 can bo the samw as conbodiments with valve member mserts discussed above,

{02451 Figures 31 A and 318 lustrate cross-sectional views of the valve member
6038 taken at approximately 90 degrees from each other. As in previous embodiments, the
valve member can comprise a slit extending from a top 6858 of the valve member 6030 to an
internal cavity 6635, which can ultimately join with a lead lumen 6036, In some
embodiments, the miernal cavity 6835and lead lomen 6836 can extend to 4 position shott of

the bottom of the valve 6038, as illustrated. In some embodiments, the internal cavity 6438



CA 02891255 2015-05-11
WO 2014/074929 PCT/US2013/069312

does not extend all the way across the valve (as illusirated in Figore 318). This can aliow for
an outer cavity 6835° that can cxiend around at least a portion of the lead lumen 6836 and the
internal cavity 6835, In some embodiments, the fcad lumen can have an annular projoction
6057 along an micrior surface thereof, which can be configured to mate with a recess i a
sccond housing, as discussed below.,

[8238] Figure 32 is a cross-sectional view of the conpector 6681 when fuily
agsembled. The Luer cannula 6886 of the second housing 60268 can have a lower section
6088 and an upper scction 6887 that extends up and into the first housing 6818, In some
ermbodiments, the cannula can have a wmiddle section 6888 joining the upper and lower
sections.  The upper, middle, and lower scctions can vary in height and inner dismeter
according to the various embodiments described above with respect to Figures 28 and 29,
Similarly, in some embodiments the cannula 6086 can be configured such that a cannula (not
shown) of a medical device attached o the first bousing 6818 can fit within the cannula 6486
of the second housing 6328, as discussed above. In some emboditnents, the cannula of the
medical device can extend to the lower section 6088 or only as far as the middle scetion 6888
or the upper section 6487,

{0251} In some embodiments, an insert 6831 can be positioned within the ower
cavity 6835 of the valve member and around at least a portion of the internal cavity
6035and/or the lead humen 6836. In some embodiments, the valve member 6838 can be
molded around the insert 6831, 1n some embodiments, the valve insert can be a substantially
cylindrical section, or it can be a ring with varyimg cross sections, The valve insert can help
provide structural support to the valve element,

3252 As i various embodiments described above, the cad fumen 6836 can be
stretohed around the Luer campla 6086 when the comnnector 6881 s fully assciobled. In
embodiments where the internal cavity 683%and lead lamen 6836 extend to a position short
of the botiorn of the valve 6838, as illustrated, the Luer cannula can be sized and configured
to extend into the valve m order to reach the lead lumen. The lead lumen can then bhe
positioned around the canmula with the help of an insertion device, as described above.

{3253 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 siretched to reach the cannula. In some embodiments,
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the external surface of the upper portion 6887 of the canmnla 6086 can have an avmular recess
6089 that can mate with an annular projection 6857 of the lead lumen 6836, This can help
maintain the lead hamen in position. The valve member 6838 can also mclude a shoulder
6034 that can snap into position bencath a lower ledge 6815 of the first housing 6018, forther

helping maintain the valve in position.

MOLDING

{62541 As discussed above, in somc cotbodiments 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 applied to any embodiments
discussed herein.

02551 Figures 33A and 338 llustrate exploded views of various componenis of a
molding assembly. Figure 33A provides a bottom perspective view and Figure 338 provides
a top perspective view. [Hustrated are a first sleeve 218, a second sleeve 228, a core pin 248,
and a housing 18, The housing is formed first as part of the two-shot injection molding
process, described below, and is illustrated for purposes of explaining the molding of the
valve, which is formed within the housing.

6236 In some embodiments, the first sleeve 230 can have a sleeve access
opening 212 and a projection cutout 214. The second sleeve 228 can be sized and configured
to fit into the sleeve 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.

{02571 The second sleeve can alse have a central lumen 2234 that can be
configured to receive the core pin 248, In some embodiments, the second sleeve 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 siceve,
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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{258} In some embodiments, the extenior surface of the first sleeve 218 can
define at least a portion of the interior surtace of the first housing 14 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). Simatlarly, the interior surtace of the fivst
slecve 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 bhe configured such that the
downward projections of the first housing are in a plane substantially perpendicular to the
shouldors 34 of the valve.

{259 I some embodiments, the second sleeve 228 can define at least a portion
of the exterior surface of the valve member 30 when it s molded. For example, in some
embodiments the valve base projection 222 can define the bottom 38, the side surface 138,
and/or the chamfer 139 (all visible in Figure 4A) of the valve.

{B268] In some embodiments, the core pin 248 can define at least a portion of the
interior of the valve member. In some embodiments, cavity section 242 can define the
internal cavity 3% of the valve and at least a portion of the slit 32 (both visible in Figure 4A).
In some embodiments the cavity section 242 can define the entire shit of the valve, [n some
embodiments, the core pin can also define the tapering section 137 and the lead lumen 36 of
the valve {also visible n Figure 4A).

02611 Figure 34 illustraies the first sleeve 218, the second sleeve 228, and the
core pin 248 as assembled according fo seme embodiments. As visible tn Figure 34, the core
pin can have a cavity section 242 that extends past a top surface 216 of the first sleeve. in
some embodiments, the first housing 10 can be molded such that it extends above the top
surface of the first sleeve as well. Tn such embodiments, when material is ingected into the
first slecve 18 o form the valve, it o can extend above the top surface 216, allowing it fo
directly contact the first housing.

[8262] Figures 35A and 35B ilustrate 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 358 is a cross~-sectional view taken
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in a plane rotated approgimately 90 degrees from the plane of Figure 35A. In both Figures
35A and 35B the valve member 30 and housing 16 have already been molded.

{263 In some embodiments, a molding assembly can include a base 26§ that
sprrounds at least a portion of the first sleeve 218 and/or the scoond siceve 2280 Asg
ithustrated in Figure 358, in some cmbodiments the cross bar 244 can be used to block
motion of the first sleeve 210 and/or the second sleeve 220 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.

[6264) In some emboduments, a molding assembly can include a top section 238,
The top seciion can define a top of the valve member 38 when it is 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 imchude an
injector 288, As illustrated in Figure [2A, in some emboediments 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.

{3265] For the sake of clarity, Figures 35A and 35B do not ilhustrate all of the
sections of a molding asserbly 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 embodiments deseribed herem

{01266] As described above, the molding process can include a first step of
mjection molding a firsi housing 18, The first housing can be rolded with a first material,
The molding process can then mclude a stop of injection melding the valve momber 38, In
some embodiments the valve member can be molded with a seccond material different than
the first material, The materials of the first housing and the valve meomber can be selected so
that the valve member adheres to the surfaces of the first housing that it mayv contact during
molding.

18267} Figures 35A and 35B make apparent how, in some embodiments, at least a
portion of the valve member 38 can directly contact the hounsing when the valve member is

molded. For example, as illustrated w both figures the very top of the first sleeve 238 may
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ot extend to the top of where the first housing 16 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} Unce the valve member has been molded, it can be useful to remove
certain components of the molding assembly in a certain order in ovder to be able to prevent
damage to the valve member. For example, with particular reference to the embodiment
illustrated in Figore 35A, the core pin 240 can bo removed first. This can open the interior of
the valve member, allowing the valve wember to flex inward for removal of other
components. Next, the second sleeve 226 can be removed. In some embodiments, the core
pin and second sleeve can be removed simultaneously.

{1269 Once the core pin 248 and second sleeve 220 have been removed, the first
sleeve 216 can be removed from its position around the valve member, In order for the first
sleeve 214 to fit around the shoulders 34 of the valve member in the lustrated 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 comprass well. In these embodiments, it can be advantageous to have the valve designed
such that the inferior cavity of the valve member is large enough 1o receive at least a portion
of the shoulders when they are pushed inward, thereby allowing the first sleeve to pass. In
some embediments, the valve can be dimensioned to allow this process to ocour, Some of
these dimensions are discussed with reference to Figure 44, above.

6276 Additionally, to case romoval of the first sleeve 218, in some
embodiments the top surface 136 and the outer section 134 of the shoulder 34 can be
rounded, as deseribed above. The rounded sections vau belp 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 14 and
valve member 38 can be reroved.

{82714 The two-step imjection molding process described herein can be used fo
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. 1t can alse be nsefnl when the first part is nigid and the sccond part has
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varving width which may prevent a single sleeve from being used and withdrawn from
around the second part without damaging the part.

8272 Figure 36 illustrates a flow chart of the steps nsed to perform a two-step
injection molding process and then remove the molded components. In the first step 318, a
first part s molded around a first sleeve, a second sleeve, and a core pin. 1o 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, 1t can be conligured to contact the first part.

{8273} Once both parts have been molded, in a third stop 338 the core pin can be
withdrawn from within the second part.  In a fourth step 348, the second sleeve can be
withdrawn from arcund the second part. In some embodiments, these steps can be performed
in different orders or simultaneously. Once the core pin and sccond sleeve have been
withdrawn, in a fifth step 358 the fist sleeve can be withdrawn from around the second part.

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

CATHETERS

{8274} The various medical connector embodimenis described herein have certain
features that allow them to be advantageous for a variety of different purposes. For example,
in some embodiments a medical consector can be used as part of 2 catheter system. Such
systems can be used {0 insert a catheter into a patient’s vasculatore and then provide a point
of conneciion to access the catheter. Generally, a catheter system that has been assembled
for use will inchude a catheter attached to one end of a connector {also described as a catheter
hub) and a needle that runs at Ieast partially through the catheter hub and the catheter. The
needle can be used to pieree the pationt’s skin and enter the vaseulature, providiog 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 provent blood from flowing
through the catheter and out of the catheter hub. The catheter hub can be configured to
permit varicus medical implements to connect to the catheter hab,

{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
problem, however, is that if a needle is within the valve in the catheter hub for too long, such
as if a catheter systemt is in the shelf in a medical facility for an extended peried of time
before use, a compression set can occur around the needle. This s when valve loses at least
some of its ability to return 1o a closed position once the needle s removed, allowing blood
or other floid to escape from the catheter hub.

102761 Because various cmbodiments of medical conncctors described hercin
melude a valve vaember that can have a fivst, gencrally relaxed state and a sccond state of
greater tension, such medical connectors can provide an advantage when serving as cathefer
hubs. In particular, they can be stored in the first state in which the valve i5 m 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 in 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 heip seal
the valve member and preclude or Hmit any compression set from allowing blood to flow
through the valve member.

102774 In some embodiments, a catheter assembly can be transitioned to the
second stage al a time prior o insertion of the catheter into the vasculatwe. In some
embodiments, the catheter asserubly can be transitioned to the second stage imwmediately
prior to inserting the catheter into the vasculature. In some cmbodiments, the catheter
assembly can be transitioned to the second stage as the catheter is being mserted into the
vasculature. In some emboediments, the catheter assembly can be transitioned to the second
stage as the inserfion needle i¢ being removed from the vasculature after the catheter
asserbly is placed therein, In some embodiments, the transition from the first stage to the
second stage happens auntomatically as the catheter assemibly 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 roanual manipulation of the catheter assembly.

{6278} Figures 37A and 378 illustrate one embodiment of a catheter system or
assembly 488, The catheter assembly can imclude a connector or catheter hub 462, which can

operate according to various embodiments of connectors described herein.  Although not all
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aspects of the catheter hub that are labeled may be specifically described, and uot all aspects
of the catheter hub are labeled, it is understood that wnless described otherwise, features
similarly numbered or illustrated as m previous embodiments will operate in a similar
manner as previously described.

{6279} The catheter hub 482 can inclode a housing that ncludes a first housing
418 attached to a second housing 428. As described above, an outer surface 412 of the first
housing can include a variety of surface features 414, such as dimples, that can be used to
maprove the cornfort of an operator or climcian when graspiog the catheter hub, and/or which
can be used 1o morease the ability of an operator or clinician to maintain a grip on the
housing. Also as described above, the first housing 418 can include an upper connector
region 448 that can be used to attach the catheter hub to a medical implement, This is
gencrally done once the catheter has becn appropriately positioned within a patient.  As
described above, any ANSI connection can be used, and in some embodiments non-standard
connections can be used.

0284] A needle 498 can pass through the catheter hub 462 and imto a catheter
4880 that 1 attached to and extends from the catheter hub,  In various embodiments 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 needle at a proximal end of
the needle. As used herein, “proximal” vefers to the end that is closest to a clinician working
with the catheter assembly, As illustrated, proximal ts analogous to “upper” as defined with
respect to Figure 1.

{62811 The needle hub can include an insertion section 498 and in some
embodiments can have a manipulation feature 496, The manipulation feature can be used to
provide an improved grip for a clinician or practitioner when manipulating the needle. As
illustrated, the manipulation feature can be a handie or lever, but it can have a varisty of
forms, including dimples, longitadinal ribs, lateral ribs, channels, ronghened sections, or any
other sirntlar feature.

{62821 The catheter assembly 488 is preferably initially provided in the position
as shown in Figure 37A, such that a distal tip 492 of the needle 496 is in a non-insertion
position, approximately cven with the ond of the catheter 488, In some cmbodiments, a

needie i a non-insertion position can exiend just past the end of the catheter, or just inside
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the catheter. In some ewbodiments in the non-insertion position, an insufficient amount of
the needie s exposed in order to be able to properly insert the needie into a patient’s
vasculature. Thus, in order to sufficiently expose the needle o be able to insert it into the
vasculature of a patient, in some embodimenis a clinician must first move the needle further
through the catheter hub 462 o an insertion position, in which the needle can be inserted mto
a paticnt. The exact positioning of the needle hub 494 can vary when initially provided, and
in some embodiments the needle hub can be positioned adjacent the catheter hub 402 such
that the needle is not visible between the catheter hub and the wneedle hub., In some
cmbodiments, the necedle 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 498 is within the catheter hub.

{283} Figure 378 illustrates the same view as 37A, but after a clinician has
moved the needle further through the catheter hub 402 according o some embodiments.
Preferably, the needle 498 and needle hub 494 are 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 needie 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,

{6284} Figurcs 38A and 38B illustrate a cross-sectional view of this process.
Figure 38A is a cross-sectional view of the catheter assembly when positioned as ilhustrated
in Figure 37A, and Figure 38B is a cross-sectional view of the catheter assembly when
positioned as illustrated in Figure 378, As illustrated, the valve member 438 can function
according to various embodiments describe above. For ¢example, the valve member can have
a first statc or gonerally relaxed position as illustratcd in Figure 38A and a sccond state as
illustrated in Figure 388, In 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
shouiders 434 of the valve member can be positioned in opernngs 478 and can be mantained
in the sceond state by the interaction betwoeen the shoulders and the upper surface 479 of the
openings. The inscrtion scction 498 of the ncedic hub 494 can function simifarly to an
msertion device, as described above. Thus, for cxample, when the needlc hub is moved

distally in order to expose the tip of the needie, 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 435 of the valve
member. The insertion section 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.
[0285] In some embodiments, the catheter assembly 400 can include a needle guard
482 positioned around the needle 490. The needle guard can be designed according to aspects
of any needle guard known in the art. 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 guard,
although in some embodiments an amount of friction can exist between the needle guard and
the needle such that the needle guard may move 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.

[0286] As the needle is positioned within the vasculature of a patient, the catheter hub
402 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 490 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 slit 432, allowing the needle to be slid relative to
the needle guard. In some embodiments, the needle can have a notch or other feature at its
distal end that can be configured to interact with a corresponding feature of the needle guard.
As the needle is withdrawn and the distal end of the needle begins to leave the valve member,
the two features can catch and the needle can pull the needle guard through the slit of the valve
member. The needle guard can then cover the tip 492 of the needle, helping to prevent, any
accidental sticks or punctures.

[0287] 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 to
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 translucent material, allowing the
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clinician to see when the catheter has entered the vasculature and is in communication with
the patient’s blood streamn.  In addition, as deseribed above, ong or more sections of the
catheter hub 482, including the first housing 418, 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 hub,

{6288] Because the valve member was in the first state while the catheter
assembly was stored and only entered the second state during the process of inserting the
catheter mito the patient, a corgpression set can be minmuzed or avorded altogether. In part,
this is becaunse tensioning the valve member along a longitudinal axis of the catheter hub 482
can create compression i a plane perpendicular to the longitodinal 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 in the first state, increasing the amount of {luid pressure that the sl can resist
during the process of inserting the catheter into a patient and after the needle 18 reruoved.

{82891 Figures 39A through 39C illustrate a different embodiment of a catheter
assembly 308 that can be used to move the valve member from a first state to a second state.
Figures 39A and 39B illustrate the catheter assembly in a first stage and Figure 39C
illustrates the catheter assembly in 2 sccond stage. The iHustrated embodiment can be
similar to previous embodiments, but in the first, relaxed state the shouiders 834 of the valbve
member $38 arc preferably positioned within openings 478 of the second housing $28 within
the catheter hmb 562, Thus, in the first state an upper section of the valve member can be
attached to the first housing and a lower section of the valve member can be attached to the
sccond housing,

162961 In some embodiments, the second housing 528 and the first housing 518
of the catheter hub 582 can move relative to cach other, In some emibodiments, 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 538 from s fivst state to its second state, and similarly transition the
catheter assembly from its first stage to ifs scoond stage, o some cmbodiments, the valve
member ¢an be in the first state when the catheter hub is in the first stage, and the valve
moember can be in the sccond state when the cathcter bub is in the sccond stage. In some

embodunents, when the catheter hub is in the first stage the catheter hub can have a first
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height ks measured from a bottom sorface 826 of the second housing to a top surface 549 of
the first housing. In some cmbodiments, when the catheter hub is in the scoond stage, the
catheter hub can have a sccond height hsyy greater than the first height.  As illustrated in
Figure 39C, when the second housing mwoves relative to the first housing the openings 378
can move as well, stretching the valve member 338 mto the second state.

{32911 In some embaodiments, the difference between the fivst height and the
sccond height can he such that the valve member moves from the first state 1o the sccond
statc according to the various cmbediments described above. For cxample, as desortbed
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 equal fo about L8, In some
embodiments, the ratio can be greater than or eqgual to about 1.1 and/or less than or equal to
about 1.3

{62921 In some embodiments, the ratio of the second beight hsiy to the first
height hsy) can be greaier than or equal to approximately 1.02 and/or less than or equal to
approximatety 1.2, In some embodiments, the ratio of the sccond height hepr to the first
height hsyy can be greater than or egual to approximately 1.04 and/or less than or equal to
approximately 115, In some embodiments, the ratio of the second height hgyp to the st
height hsy can be greater than or equal to approximately 1.06 and/or less than or cqual to
approximately 1.12.

{6293} In some embodiments, the catheter agsembly 888 can be configured such
that removing the needle 53¢ 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 nto
a second stage in a passive manncr, thus hmuting or proventing 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 8382 can be
positioned around the needle 58¢. The needle guard can be completely within the internal
cavity 535 of the valve mewmber 538 or can be positioned partially within the mternal cavity
such that a portion of the needle guard is within the slit 532, Additionally, as illustrated, the

sccond hoosing 528 can have an outer surface 827 positioned such that a climcian, when
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grasping the catheter hub 582, will grasp the second housing. In some embodiments, a
portion of the sccond housing can swrround a portion of the first housing 516, In some
cembodiments, the second housing can at least partially define a shoulder 516 that 1s adjacent
the lucr connector region 5448,

{0295} When the clinician is grasping the second housing 528, any resistive force
provided by the needle guard 582 or other component of the needie 390 or needle hub 594
when it is pulled through the slit 532 will tend to separate the first housing 830 from the
second honsing. This can move the catheter hab from the first stage to the second stage. o
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 seeond stage.

{62961 Figure 398 illustrates a needle guard 582 that has been pulled up from a
position within the valve cavity 535 to a position against the skt 532 as the needle 598 is
withdrawn. In some embodiments, the needle guard slides freely around the needie and the
needle guard does not move against the shit until it engages with the tip of the needle. In
some embodiments, as mentioned above, the needle guard is initially positioned partially
within the valve cavity and partially through the slit. [n such embediments, the portion of the
needle guard within the slit is preferably as small as possible to help minimize any potential
compression set.  Regardless of the initial positioning of the needle guard, in some
embodiments the needle guard preferably does not fully pass through the shit and out of the
valve cavity until it engages the tip of the needle,

{32971 The needle guard and the valve wember can be sized and counfigured such
that the force required o move the needle gnard through the slit is 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 doss not damage the valve member. In some
embodiments, a inbricant can be applied o the needle and/or the needle guard in order to
help prevent tearing ot damage to the slit or valve member,

{1298] Figure 40 illusirates a block diagram of a method for using a catheter
assembly. In a first step 610 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 388, In a sccond step 624, an inscrtion device can be

wserted 1nto a catheter hub to move a valve mentber from a first state to a 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 entirely,

6299 In a third step 63, a ncedle can be inserted into a patient, and in a fourth
step 648 a catheter can be inserted nto the patient, such as by sliding over the needle. Ina
fifth step 65@, the insertion device can be remeved from the catheter hub.  In some
embodiments, such as if the insertion device 1S not attached to the needle, the insertion
device can be removed prior to mserting the needle into the patient. In a sixth step 668, the
needic is romoved trom the paticnt, and in a scveath step 678 the ncedle is romoved from the
catheter hub. In some embodiments, various steps can be performed simultaneously. For
example, in some ermbodiments, the second and third steps can be performed simultancously.
In some embodiments, the third and fourth steps can be performed simultancously. In some
embodiments, the second, third, and fourth step scan be performed sinmultancously.
Sumilarly, in some embodiments, the fifth and sixth steps can be performed simultaneously.
In some embodiments, the fifth, sixth, and seventh steps can be performed simultancously.

{0304] Figure 41 ilustrates a block diagram of anether method for using a
catheter assembly. Tn a first step 718 of the method, a catheter assembly can be provided.
The catheter assembly can be configured according to any of the embodimenis discussed
above with respect to Figures 39A through 39C. In a sccond step 720 a needle is inserted
into a patient, and in a third step 730 a catheter is inserted mto 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 1 a fifth step 738 the catheter assernbly can be moved to a second stage, In
some embodiments, this can include, for example, lengthening the catheter hub, as described
above. Insome embodiments, this can include using an insertion device 0 move a valve of
tho cathetor hub from a first siate to a sccond state.  In some cmbodiments, moving the
catheter assembly to the second stage can be performed prior o inserting a needle into a
patient. In some embodiments, 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
needie is removed. In some embodiments, various 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.
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WHAT IS CLAIMED IS:

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 to 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
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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.

5. The medical connector of Claim 1, 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 Claim 1, 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 Claim 1, 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.

10. The medical connector of Claim 9, wherein the ratio of the height to the width is between

approximately 0.5 and approximately 1.5.

11. 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;
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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 the 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 opening to the
interior cavity 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.

12. The medical connector of Claim 11, wherein the valve member is fixedly attached to the

upper end of the housing, preventing rotation relative to the housing.

13. The medical connector of Claim 11, wherein the valve member comprises a central body

and two shoulders extending outward from the central body.

14, The medical connector of Claim 13, wherein each shoulder is positioned within a
corresponding recess within an interior of the housing when the valve member is in the second

state.

15, The medical connector of Claim 14, wherein an upper surface of each recess contacts the

corresponding shoulder and prevents the valve member from returning to the first state.

16. The medical connector of Claim 15, wherein 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.
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17. The medical connector of Claim 13, wherein a width of each shoulder from the central
body to an outer point of each shoulder is less than half of the width of the interior cavity of the

valve member at the same vertical height as the width of each shoulder.

18. The medical connector of Claim 11, wherein 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.

19. The medical connector of Claim 18, wherein the substantially flat top of the valve member

in the second state is substantially flush with an upper surface of the housing.

20. The medical connector of Claim 11, wherein when a first medical device is attached to the
upper end of the housing, the opening extends to a position around a second portion of the cannula,

the second portion being of greater diameter than the first portion.

21.  The medical connector of Claim 11, wherein the upper end of the housing comprises an
upward facing ledge and the valve member comprises a lip, wherein at least a portion of the lip

seats on the ledge.

22, The medical connector of Claim 21, wherein the valve member comprises a rigid annular

insert positioned at least partially within the lip.

23. The medical connector of Claim 21, wherein the upward facing ledge is a first ledge and
the lip is a first lip, and wherein the housing further comprises an upper ledge above the first ledge
and the valve member further comprises an upper lip above and extending past the first lip, and

wherein at least, of portion of the upper lip seats on the upper ledge.

24, 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;
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a valve member attached to the upper 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.

25.  The medical connector of Claim 24, wherein the housing defines the at least two recessed
areas.
26.  The medical connector of Claim 24, wherein 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,

preventing the at least two shoulders from returning to the first state.

27. The medical connector of Claim 26, wherein 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.

28.  The medical connector of Claim 24, wherein 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.

29. A medical connector for permitting fluid flow between a first medical device and a second
medical device, the medical connector comprising:

a housing comprising a proximal end configured to receive a first medical device and a
distal end configured to receive a second medical device, the proximal end of the housing
comprising a proximally facing ledge, the distal end of the housing comprising a cannula extending
to a position within an interior space of the housing; and

a valve member attached to the proximal end of the housing and positioned at least partially
within the interior space of the housing, the valve member comprising:

a lip;
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a slit positioned on a proximal surface of the valve member and extending into an interior
cavity of the valve member; and

an opening to the interior cavity at a distal surface of the valve member;
the valve member having a first state in which the valve member and the cannula define a gap
between them such that the valve member does not extend to the cannula and a second state in
which the opening to the interior cavity is positioned around a first portion of the cannula;

wherein at least a portion of the lip seats on the ledge.

30. The medical connector of Claim 29, wherein the valve member is fixedly attached to the

proximal end of the housing, preventing rotation relative to the housing.

31.  The medical connector of Claim 29, wherein the valve member comprises a central body

and two shoulders extending outward from the central body.

32. The medical connector of Claim 31, wherein each shoulder is positioned within a
corresponding recess within an interior of the housing when the valve member is in the second

state.

33. The medical connector of Claim 32, wherein a proximal surface of each recess contacts the

corresponding shoulder and prevents the valve member from returning to the first state.

34, The medical connector of Claim 33, wherein when a first medical device is attached to the
proximal end of the housing, each shoulder is removed from contact with a proximal surface of

the corresponding recess.

35, The medical connector of Claim 31, wherein a width of each shoulder from the central
body to an outer point of each shoulder is less than half of the width of the interior cavity of the

valve member at the same vertical height as the width of each shoulder.

36. The medical connector of Claim 29, wherein 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.

79

Date Regue/Date Received 2021-08-31



37.  The medical connector of Claim 36, wherein the substantially flat top of the valve member

in the second state is substantially flush with a proximal surface of the housing.

38.  The medical connector of Claim 29, wherein the valve member comprises a rigid annular

insert positioned at least partially within the lip.

39.  The medical connector of Claim 29, wherein the proximally facing ledge is a first ledge
and the lip is a first lip, and wherein the housing further comprises a proximal ledge proximal of
the first ledge and the valve member further comprises a proximal lip proximal of and extending

past the first lip, and wherein at least a portion of the proximal lip seats on the proximal ledge.
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