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DISINFECTING CAPS HAVING SEALING FEATURES AND
RELATED SYSTEMS AND METHODS

BACKGROUND
1. TECHNICAL FIELD
[0001] The present disclosure generally relates to caps for medical connectors
and more specifically relates to caps that can be used to protect the cleanliness of
unconnected medical connectors, such as connectors that may be used for fluid flow
or for fluid delivery systems. Some embodiments are directed to caps for medical
connectors that include male-type interfaces and/or medical connectors that include

female-type interfaces.

2. RELATED ART
[0002] Bloodstream infections, such as may be caused by microorganisms that
enter patients via intravascular catheters, are a significant cause of illness and
excess medical costs. A substantial number of such infections occur in U.S.
intensive care units annually. Additionally, a significant fraction of these infections
result in death.
[0003] Guidelines from the Centers for Disease Control and Prevention describe
various ways to limit bloodstream infections in hospital, outpatient, and home care
settings. The guidelines address issues such as hand hygiene, catheter site care,
and admixture preparation. However, despite these guidelines, such infections
continue to plague healthcare systems at relatively unchanged rates.
[0004] Impregnating catheters with various antimicrobial agents is one approach
for reducing these infections. Impregnated catheters, however, provide less than
satisfactory results. Additionally, some microbes have developed resistance to the
various antimicrobial agents used in the catheters. Other systems and approaches
have also been developed, but these likewise suffer from a variety of limitations and
drawbacks.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The written disclosure herein describes illustrative embodiments that are
non-limiting and non-exhaustive. Reference is made to certain of such illustrative

embodiments that are depicted in the figures, in which:

1043



WO 2011/066586 PCT/US2010/058453

[0006] FIG. 1 is a perspective view of an embodiment of an assembly that
includes an embodiment of a female cap and an embodiment of a male cap, which
can be connected in a pre-use configuration via a sleeve;

[0007] FIG. 2 is an exploded perspective view of the assembly of FIG. 1;

[0008] FIG. 3 is a perspective view of an embodiment of a sleeve that is
compatible with the assembly of FIG. 1;

[0009] FIG. 4A is a top plan view of an embodiment of a housing portion of a
female cap that is compatible with the assembly of FIG. 1;

[0010] FIG. 4B is a side elevation view of the housing portion of the female cap of
FIG. 4A;

[0011] FIG. 4C is a front elevation view of the housing portion of the female cap of
FIG. 4A;

[0012] FIG. 5A is a top plan view of an embodiment of a housing portion of a male
cap that is compatible with the assembly of FIG. 1;

[0013] FIG. 5B is a side elevation view of the housing portion of the male cap of
FIG. 5A;

[0014] FIG. 5C is a front elevation view of the housing portion of the male cap of
FIG. 5A;

[0015] FIG. 6 is a cross-sectional view of the assembly of FIG. 1 taken along the
view line 6-6 in FIG. 1;

[0016] FIG. 7Ais a top plan view of the assembly of FIG. 1;

[0017] FIG. 7B is a top plan view of the assembly of FIG. 1 showing a male cap
portion thereof having been rotated so as to assist in the release of the male cap
from the assembly;

[0018] FIGS. 8A-8D are cross-sectional views that depict various stages of an
illustrative method for coupling a medical connector with the male cap of FIGS. 1 and
6;

[0019] FIG. 9 is a perspective view of an embodiment of a medical connector with
which various embodiments of caps can be used;

[0020] FIGS. 10A-10C are cross-sectional views that depict various stages of an
illustrative method for coupling the medical connector of FIG. 9 with the female cap
of FIGS. 1 and 6;
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[0021] FIG. 11 is a side elevation view of another embodiment of an assembly that
includes an embodiment of a female cap and an embodiment of a male cap, which
can be connected in a pre-use configuration via a sleeve;

[0022] FIG. 12 is a perspective view of the female cap of FIG. 11;

[0023] FIG. 13 is a perspective view of an embodiment of a sealing member that is
compatible with the female cap of FIG. 11;

[0024] FIG. 14 is a cross-sectional view of the cap of FIG. 11 coupled with a
medical connector;

[0025] FIG. 15 is an enlarged cross-sectional view of the cap of FIG. 11 coupled
with the medical connector that is taken along the view line 15-15 in FIG. 14;

[0026] FIG. 16 is a side elevation view of another embodiment of a cap that is
configured to form a seal with a medical connector;

[0027] FIG. 17 is a top plan view of the cap of FIG. 16;

[0028] FIG. 18 is a cross-sectional view of the cap of FIG. 16;

[0029] FIG. 19A is a cross-sectional view of the cap of FIG. 16 illustrating an initial
stage of coupling the cap with a medical connector;

[0030] FIG. 19B is a cross-sectional view of the cap of FIG. 16 illustrating a final
stage of coupling the cap with a medical connector;

[0031] FIG. 20 is a partial cross-sectional perspective view of another embodiment
of a cap that is configured to form a seal with a medical connector;

[0032] FIG. 21 is a partial cross-sectional perspective view of another embodiment
of a cap that is configured to form a seal with a medical connector;

[0033] FIG. 22 is a partial cross-sectional perspective view of another embodiment
of a cap that is configured to form a seal with a medical connector;

[0034] FIGS. 23A-23C are cross-sectional views illustrating various stages of
coupling another embodiment of a cap with a medical connector;

[0035] FIG. 24 is a side elevation view of another embodiment of a cap that is
configured to form a seal with a medical connector; and

[0036] FIG. 25 is a perspective view of a fluid line that includes a coupled set of
connectors that are amenable to being coupled with male and female caps,

respectively.
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DETAILED DESCRIPTION

[0037] Disclosed herein are disinfecting caps, and related systems and methods,
that can protect and/or disinfect medical connectors. The caps, systems, and
methods can reduce the threat of microorganisms entering the bloodstream of a
patient via fluid flow or fluid delivery systems, such as, for example, stopcocks,
female luer lock connectors, or other connectors having female-type interfaces. The
disinfecting caps can be included in systems or assemblies that include additional
caps (e.g., male caps), which may be used with connectors having male-type
interfaces, such as fluid transfer devices having an elongated male portion or male
protrusion. For example, the caps may be configured for use with a male luer
connector. In some embodiments, a cap can be configured to couple with and
disinfect a medical connector having an open conduit or lumen, which may be
shaped substantially frustoconically, cylindrically, or in any other suitable shape. The
female cap can include a sealing member that is configured to plug or seal the open
conduit. In further embodiments, the cap can include an antiseptic, and can be
configured to dispense the antiseptic after the open conduit has been sealed so as
prevent antiseptic from entering the conduit, or more generally, from entering a fluid
line. In some embodiments, the antiseptic may be contained within a pad prior to the
coupling of the cap to the medical connector, and the act of coupling the cap to the
medical connector can force at least a portion of the antiseptic from the pad and into
contact with unsealed portions of the female connector. Caps may also be used to
seal a fluid pathway of a male connector so as to prevent antiseptic from entering the
fluid path.

[0038] FIGS. 1-3 illustrate an embodiment of an assembly 100 that can include a
female cap 102 and a male cap 104, each of which can be used to cover a separate
medical connector. The assembly 100 can be provided in a pre-use, assembled, or
closed state, and the caps 102, 104 can be removed from each other. In particular,
the female and male caps 102, 104 can be coupled with each other via a sealing
mechanism 189. In the illustrated embodiment, the sealing mechanism 189
comprises a sealing sleeve 191. The terms “coupled” and variants thereof are used
in their ordinary sense and include arrangements in which the caps 102, 104 directly
engage one another when the assembly 100 is in the assembled or pre-use state.
The terms also include arrangements such as that illustrated in FIG. 1, where the
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caps 102, 104 do not directly contact one another when the assembly 100 is in the
assembled or pre-use state, yet are securely held in a fixed relationship relative to
one another. Stated otherwise, each of the caps 102, 104 is separately secured to
the sealing sleeve 191, and thus, although the caps 102, 104 are spaced from one
another, they nevertheless are coupled or indirectly secured to each other.

[0039] FIG. 2 is an exploded view of the assembly 100. The female cap 102 can
include a housing 110 into which a support member 134 and a sealing member 141
are received. As discussed further below, the support member 134 can assist the
sealing member 141 in the formation of a seal with a lumen of a female-type medical
connector. For example, in some embodiments, the support member 134 can resist
distal movement of the sealing member 141 within the housing 110. In further
embodiments, the support member 134 may be resiliently deformable, and thus may
urge the sealing member 141 in a proximal direction, such as in reaction to a distal
movement of the sealing member 141. Accordingly, in some instances, the support
member 134 may also be referred to as a biasing member. In the illustrated
embodiment, the support member 134 comprises an antiseptic reservoir or pad 132,
which is also discussed further below.

[0040] The male cap 104 can include a housing 150 into which a support or post
177, an antiseptic reservoir or pad 170, and a sealing member 190 are received. As
further discussed below, the post 177 and the pad 170 may be considered as a
multi-part support member 176 that is configured to resist movement of the sealing
member 190 in a distal direction within the housing 150. In further embodiments,
one or more of the post 177 and the pad 170 may be resiliently deformable (e.g.,
elastomeric) such that one or more of the post 177 and the pad 170 can urge the
sealing member 190 toward a proximal end of the male cap 104, such as after the
sealing member 190 has been displaced distally within the housing 150.
Accordingly, in some instances, the support member 176 may also be referred to as
a biasing member.

[0041] The terms “proximal” and “distal,” when used herein relative to a cap, or
components thereof, are used relative to the coupling of the cap with a medical
device, such that the medical device is inserted into a proximal end of the cap, or
component thereof and advanced toward a distal end of the cap or component.
Accordingly, in the illustrated embodiment, the proximal ends of the caps 102, 104

are directed toward each other and the distal ends of the caps 102, 104 are directed
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away from each other when the assembly 100 is in the pre-use configuration (see
FIG. 1). The female cap 102 can define one or more recesses 116 and the male cap
104 can define one or more recesses 162 at positions that are between the proximal
and distal ends of the caps 102, 104, respectively.

[0042] The sleeve 191 can include end surfaces or edges 196, 198 that are
configured to interact with the male and female caps 104, 102, respectively. The
sleeve 191 can define one or more protrusions 199 that are configured to be
received in the one or more recesses 116 of the female cap 102. Each protrusion
199/recess 116 pair can cooperate as a decoupling feature, release mechanism, or
separation assist 107. Similarly, the sleeve 191 can define one or more protrusions
197 that are configured to be received in the one or more recesses 162 of the male
cap 104. Each protrusion 197/recess 162 pair can cooperate as a separation assist
108. The protrusions 197, 199 and recesses 116, 162 can have rounded edges (e.g.,
rounded or radiused valleys and apexes), which can facilitate their rotational
movement relative to one another.

[0043] As shown in FIG. 3, each protrusion 199 can include a portion of the edge
198 of the sleeve 191. Moreover, each protrusion 199 can define a pair of faces
199a, 199b that are angled in opposite directions. Here, the term “angled” refers to
any suitable non-zero, non-180-degree angle relative to a transverse cross-sectional
plane (not shown) that passes perpendicularly through a central axis of the sleeve
191. For a path that is traced along the edge 198 in a clockwise direction (when
looking toward the edge 198), the path moves away from the longitudinal center of
the sleeve 191 along the faces 199a, and the path moves toward the longitudinal
center of the sleeve 191 along the faces 199b.

[0044] Similarly, each protrusion 197 can include a portion of the edge 196 of the
sleeve 191, and each protrusion 197 can define a pair of oppositely angled faces
197a, 197b. For a path that is traced along the edge 196 in a clockwise direction
(when looking toward the edge 196), the path moves away from the longitudinal
center of the sleeve 191 along the faces 197a, and the path moves toward the
longitudinal center of the sleeve along the faces 1970.

[0045] The protrusions 197, 199 can be relatively flexible, as they extend a greater
distance from the longitudinal center of the sleeve 191, and thus define longer
moment arms relative thereto. In some embodiments, the sleeve 191 includes a

central band or reinforcing rib 188 that can provide structural integrity to the sleeve
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191 and can prevent or inhibit large deformations of the sleeve 191 during use
and/or crushing of the sleeve 191 after removal of one or more of the caps 102, 104
therefrom. The illustrated reinforcing rib 188 projects radially inwardly at a central
region of the sleeve 191. In other embodiments, the reinforcing rib 188 may extend
outwardly or may be omitted. For example, in some embodiments, the sleeve 191
may define a uniform thickness along its full length.

[0046] The sleeve 191 defines an external surface 182 and an internal surface
183, each of which extends away from the edges 196, 198. The internal surface 183
can define a cavity, opening, or lumen 184 into which proximal ends of the male and
female caps 104, 102 can be received. The terms “external surface” and “internal
surface” are used relative to the assembly 100 when it is in the pre-use state (e.g.,
the configuration shown in FIG. 1). Accordingly, when the assembly 100 is in an
assembled state, the internal surface 183 is at an interior of the assembly 100, so as
not to be exposed to an environment that surrounds the assembly 100, and the
external surface 183 is at an exterior of the assembly, such that it is exposed to the
environment and may be grasped or otherwise contacted by a user. It is noted that
in the foregoing portion of the present specification, the terms “interior” and “exterior”
may at times be used with respect to inwardly directed surfaces and outwardly
directed surfaces of certain caps, without regard to whether any portion of these
surfaces is in fact internal to an assembly that includes these caps when the
assembly is in the pre-use state. The internal surface 183 of the sleeve 191 also can
define a connection interface 193 (FIG. 3) and a connection interface 195 by which
the caps 104, 102, respectively, can be coupled to the sleeve 191, as discussed
further below.

[0047] With reference to FIGS. 4A-4C and 6, the housing 110 of the female cap
102 can extend between a closed distal end and an open proximal end. The closed
distal end does not permit any fluid flow therethrough and serves as a barrier
between an interior of the housing 110 and an exterior environment. The open
proximal end of the housing 110 is configured to receive at least a portion of a
medical connector therein. As discussed further below (e.g., with respect to FIG. 9),
certain of such medical connectors can define an internal female lumen, which may
at least partially define a fluid line or fluid delivery pathway. The connectors may
have outwardly disposed threading or some other suitable connection interfacing,

and the housing 110 may be sized to fit over, or about an outside of, such an
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arrangement. The housing 110 can include a sidewall 112, which defines the open
proximal end, and a base wall 113, which defines at least a portion of the closed
distal end.

[0048] The housing 110 can include a body region 136 near a proximal end
thereof, which is substantially cylindrically shaped in the illustrated embodiment. A
handle 137 can extend from the body region 136 so as to be positioned at the distal
end of the cap 102. The handle 137 can comprise any suitable gripping features
103, which in illustrated embodiment comprise opposing gripping regions or grasping
platforms 138 that are configured to provide a convenient surface against which a
user can press so as to hold and/or twist the cap 102.

[0049] As shown in FIG. 4B, the illustrated grasping platforms 138 are mirrored
about a longitudinal plane LP that extends along a central longitudinal axis A (shown
in FIG. 4A) of the housing 110. Each grasping platform 138 angles radially inwardly
from the body region 136 toward the longitudinal plane LP, in a proximal-to-distal
direction. The grasping platforms 138 are more steeply angled at their proximal
ends than they are at their distal ends. The angled platforms 138, and particularly
the steeply angled portions thereof, provide convenient surfaces to which forces may
be applied in a distal-to-proximal direction. In the illustrated embodiment, the
platforms 138 define two substantially planar regions that are smoothly joined to
each other at a rounded transition. The platforms 138 can define a contour that is
substantially complementary to fingertips that are pointed in the proximal direction.
[0050] As shown in FIG. 4A, the illustrated grasping platforms 138 also taper
inwardly toward the central longitudinal axis A of the housing 110 in a proximal-to-
distal direction. In the elevation view that is shown, the platforms 138 are
substantially ovoid. The platforms 138 are sized and shaped to be held between the
fingertips of a thumb and another finger (e.g., the index finger) of a user, although
other grasping configurations may also be efficiently employed with the illustrated
arrangement. The platforms 138 provide convenient surfaces to which torque may
be applied so as to rotate the cap 102 about the longitudinal axis A.

[0051] With reference to FIGS. 4A-4C, the cap 102 can include a lip, rim, or flange
115 that extends radially inwardly at a proximal end of the body region 136. The
flange 115 can contact the edge 198 of the sleeve 191 to ensure a desired insertion
depth of the cap 102 within the sleeve 191. The flange 115 can define the one or

more recesses 116 mentioned above.
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[0052] With reference again to FIG. 4B, each recess 116 can be at least partially
defined by a pair of faces 116a, 116b of the flange 115 that are angled in opposite
directions. The angles can be any suitable non-zero, non-180-degree angles relative
to a transverse cross-sectional plane TP that passes perpendicularly through the a
central axis A of the housing 110. In particular, the faces 116a can define an angle «
relative to the transverse plane TP, and the faces 116b can define an angle
relative to the transverse plane TP. In the illustrated embodiment, the angles a, B
are the same, although other arrangements are possible (as discussed further
below). For a path is traced along the flange 115 in a clockwise direction (when
looking toward the flange 115), the path moves proximally along the faces 116a and
the path moves distally along the faces 116b. The faces 116a, 116b can be
substantially planar over at least a portion thereof, and can be configured to
complementarily contact the faces 199a, 199b, respectively, of the sleeve 191.
Additional discussion of the faces 116a, 116b is provided below with respect to
FIGS. 5A-5B.

[0053] The housing 110 defines an external surface 118 and an internal surface
119, each of which extends away from the flange 115. The internal surface 119 of
the cap 102 can include an outwardly directed surface of the sidewall 112, a
proximal end 124 of the sidewall 112, and an inwardly directed surface of the
sidewall 112 (see FIGS. 4C and 6). The outwardly directed portion of the internal
surface 119 can define a connection interface 140 that is configured to interact with
or engage the connection interface 195 of the sleeve 191 so as to connect the cap
102 to the sleeve 191. In the illustrated embodiment, the connection interfaces 140,
195 couple with each other via a friction-fit engagement. For example, an inner
diameter of the connection interface 195 of the sleeve 191 can be slightly smaller
than an outer diameter of the connection interface 140 of the cap 102. The friction fit
can be sufficiently strong to provide a fluid-tight seal between the cap 102 and the
sleeve 191, yet can allow the cap 102 to be removed from the sleeve 191 via
manipulation by a user (e.g., without the use of ancillary tools). The fluid-tight seal
can prevent evaporative loss of antiseptic from an interior of the assembly 100 when
it is in the pre-use configuration and/or can maintain the sterility of the internal
portions of the assembly 100. In other or further embodiments, the connection
interfaces 140, 195 can include threads and/or any other suitable attachment

features. In the illustrated embodiment, a proximal portion of the connection
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interface 195 includes a chamfer 120, which can assist in centering the cap 102
relative to the sleeve 191 when connecting the cap 102 to the sleeve 191.

[0054] The proximal end 124 of the housing 110 (which is also a proximal end of
the internal surface 119, or more generally, of the sidewall 112), can define a seal
inhibitor 125, which can include one or more contact regions 126 and one or more
venting regions 127. In the illustrated embodiment, the seal inhibitor 125 includes
two contact regions 126 that are diametrically opposite from each other, and also
includes two venting regions 127 that are diametrically opposite from each other and
are angularly spaced from the contact regions. Other configurations of the seal
inhibitor 125 are also possible, such as, for example, the seal inhibitors discussed in
U.S. Patent Application No. 12/610,141, titled STERILIZATION CAPS AND
SYSTEMS AND ASSOCIATED METHODS, filed October 30, 2009, now published
as U.S. Patent Application Publication No. 2010/0049170, which was previously
incorporated by reference in this disclosure.  For example, a portion of the seal
inhibitor 125 can contact an outwardly projecting surface (e.g., a transverse planar
surface) of a medical device with which that cap 102 is coupled. In particular, the
proximal end 124 of the cap 102 can contact the surface at two separate contact
regions 126 when the cap 102 is fully coupled with the connector. In contrast, the
venting regions 127 can be spaced from the outwardly projecting surface of the
connector. Such an arrangement can allow venting of antiseptic from a disinfecting
chamber 122 defined by the housing 100, through the venting regions 127, and into
the surrounding environment.

[0055] With reference to FIGS. 4C and 6, the inwardly directed portion of the
internal surface 119 of the sidewall 112 can define the disinfection chamber 122,
which can include a connection interface 130. Any suitable connection system may
be used for the connection interface 130. In the illustrated embodiment, the
connection interface includes inwardly projecting threads 131. The connection
interface 130 can be configured to attach the cap 102 to a medical connector in a
secure yet selectively removable manner. For example, the cap 102 can be
connected in any suitable manner with any suitable medical connector. In other
embodiments, the connection interface 130 may include latches or prongs that are
configured to snap over an outwardly extending rib of a connector, or may include
one or more outwardly extending ribs over which one or more latches or prongs of

the medical connector may snap.
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[0056] A proximal portion of the disinfection chamber 122 can be larger than a
distal extension 123 of the chamber. In the illustrated embodiment, the disinfection
chamber 122 defines three substantially frustoconical regions. The proximal region
has a slightly tapered outer boundary that decreases in cross-sectional area in the
distal direction; the intermediate region has a more pronounced tapered outer
boundary that more rapidly decreases in cross-sectional area in the distal direction;
and the distal region or distal extension 123 has a slightly tapered outer boundary
that decreases in cross-sectional area in the distal direction at about the same rate
as the proximal region. The intermediate and distal regions correspond with the
proximal and distal regions, respectively, of the grasping platforms 138.

[0057] The constricted intermediate region of the disinfection chamber 122 can
provide a reactive force to a distal end of the pad 132 when the cap 102 is secured
to a medical connector. The reactive force can be sufficient to prevent the pad 132
from being forced into the distal extension 123. In the illustrated embodiment, the
threads 131 also provide resistive forces. Axial compression of the pad 132 as the
cap 102 is coupled to a medical connector can swab the connector and deliver
antiseptic 133 from the pad 132 into contact with the medical connector in manners
such as described further below. In some embodiments, the pad 132 may be
resiliently deformable so as to regain a pre-use shape after a medical connector is
decoupled from the cap 102. In other embodiments, the pad 132 may instead be
plastically deformable.

[0058] In various embodiments, the pad 132 can be configured to retain an
antiseptic 133. For example, the pad 132 can comprise any suitable sponge-like
material, such as an elastomeric foam, any open-cell foam, felt, or non-woven fiber
matrix, and can be configured to conform to the contours of a portion of a medical
connector that is introduced into the disinfection chamber 122 (e.g., uneven surfaces
of an end of a female luer connector of any suitable variety; see also FIGS. 9-10C
and the associated written description). The pad 132 can also comprise any closed-
cell foam, as well as a solid elastomeric material such as silicone or the like.

[0059] The pad 132 can have a series or network of openings or spaces therein
that can retain the antiseptic 133 when the pad 132 is in an expanded state. For
example, the antiseptic 133 can be received within, occupy, fill (or partially fill), wet,
soak, or saturate at least a fraction of the pad 132, or stated otherwise, can fill the

pad 132 to a given concentration level. Compression of the pad 132 can cause
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antiseptic 133 to egress from the pad 132 so as to contact the medical connector.
Resilient expansion of the foam upon removal of a compressive force can allow the
pad 132 to soak up or absorb at least some of the antiseptic 133 that had previously
been forced from the pad 132. In some embodiments, the antiseptic 133 can
comprise any liquid antiseptic, such as, for example, alcohol (e.g., isopropyl alcohol)
at various concentrations (e.g., ranging from 50-90%), ethanol at various
concentrations (e.g., ranging from 50-95%), and combinations of any alcohols with
any antiseptics, or a dry material, such as chlorhexidine, ethylenediaminetetraacetic
acid (EDTA), lodaphors, or any suitable combination thereof. Accordingly, although
the antiseptic 133 is schematically depicted in FIG. 6 as a series of droplets, the
antiseptic 133 is not necessarily liquid and may fill the pad 132 to a greater or lesser
extent than what is shown. In the illustrated embodiment, when the assembly 100 is
in the pre-use condition, the pad 132 is in a relaxed, expanded, or uncompressed
state in a longitudinal direction. It is noted that the pad 132 may be uncompressed in
one or more dimensions, yet compressed in one or more other dimensions, when the
assembly 100 is in the pre-use state. For example, the pad 132 can be expanded or
in a relaxed state in a longitudinal direction, yet compressed radially inwardly via the
sidewall 112, when the assembly 100 is in the pre-use state.

[0060] In the illustrated embodiment, the pad 132 is substantially square in cross-
section along its full longitudinal length when the pad 132 is in a relaxed orientation
(see FIG. 2). Such an arrangement can facilitate and/or reduce material costs
associated with the manufacture of the pad 132. At least a portion of the pad 132
(e.g., the corners thereof) may be compressed radially when the pad 132 is
positioned within the housing 112. Other rectangular cross-sections are also
possible for the pad 132, and in other or further embodiments, the pad 132 may
define a rectangular cross-section along only a portion of the longitudinal length
thereof. In other embodiments, at least a portion of the pad 132 may define a round
cross-section, such as a circular, elliptical, or other ovoid shape. For example, the
pad 132 can be cylindrical so as to have a circular cross-section. The pad 132 may
define any other suitable shape, and may or may not be radially compressed when
the assembly 100 is in the pre-use state.

[0061] With reference to FIGS. 2 and 6, the sealing member 141 can be formed of
any suitable material, such as, for example, an elastomer (e.g., silicone) or a

thermoplastic, such as polypropylene, polycarbinate, acrylonitrile butadiene styrene
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(ABS), polyvinyl chloride (PVC), or rigid or semi-rigid thermoset plastic. The sealing
member 141 can be formed in any suitable fashion, such as via molding or die
cutting. In some embodiments, the sealing member 141 can be harder, more rigid,
and/or less compliant than the pad 132. The sealing member 141 may be integral to
the pad 132. For example, in some embodiments, the sealing member 141 may
comprise a skin that is applied to the pad 132, or may comprise a modification of a
surface of the pad 132 (e.g., melting, heat forming, or the like). In other
embodiments, the sealing member 141 may be adhered to the pad 132 in any
suitable fashion.

[0062] In the illustrated embodiment, the sealing member 141 is substantially
conical. Such a shape can be well-suited for coupling with an end of a female luer
connector, as further discussed below. Other shapes of the sealing member 141 are
also possible, including, for example, flat or planar, disk-shaped, spherical, etc. As
discussed with respect to other embodiments, at least a portion of the sealing
member 141 may define a luer taper that complies with ISO luer standards (e.g., ISO
594-1:1986 and ISO 594-2:1998), such that the sealing member 141 can create a
liquid-tight seal with a lumen of a female luer connector.

[0063] With reference to FIGS. 5A-5C, the housing 150 of the male cap 104 can
extend between a closed distal end and an open proximal end. The closed distal
end does not permit any fluid flow therethrough and serves as a barrier between an
interior of the housing 150 and an exterior environment. The open proximal end of
the housing 150 is configured to receive at least a portion of a medical connector
therein. In particular, the open proximal end of the housing 150 is sized and shaped
to receive at least a portion of a male protrusion of a medical connector. For
example, the open proximal end of the housing 150 can be configured to receive at
least a portion of a male luer. The housing 150 can include a sidewall 152, which
defines the open proximal end, and a base wall 154, which defines at least a portion
of the closed distal end.

[0064] As viewed from the exterior (e.g., in FIGS. 5A and 5B), a shape and/or
configuration of the distal end of the housing 150 can be similar or identical to the
distal end of the housing 110 of the female cap 102, which is discussed above. For
example, in the illustrated embodiment, the housing 150 includes a body region 136
and a handle 137 with grasping platforms 138, which when viewed exteriorly, are

identical to the identically numbered features of the cap 102. Accordingly, as can be
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seen in FIGS. 1 and 6, when the assembly 100 is in the pre-use state, an exterior
thereof can be symmetrical about three mutually perpendicular planes. Other
arrangements are also possible.

[0065] With continued reference to FIGS. 5A-5C, the housing 150 can include a
lip, rim, or flange 161 that extends radially inwardly at a proximal end of the body
region 136. The flange 161 can contact the edge 196 of the sleeve 191 so as to
ensure that the cap 104 is inserted into the sleeve 191 to the desired depth. The
flange 161 can define the one or more recesses 162 mentioned above.

[0066] With reference to FIG. 5B, each recess 162 can be at least partially defined
by a pair of faces 162a, 162b of the flange 161 that are angled in opposite directions.
The angles can be any suitable non-zero, non-180-degree angles relative to a
transverse cross-sectional plane TP that passes perpendicularly through the a
central axis of the cap 104. In particular, the faces 162a can define an angle o’

s

relative to the transverse plane TP, and the faces 162b can define an angle 8
relative to the transverse plane TP. In the illustrated embodiment, the angles a’, 5’
are the same, although other arrangements are possible (as discussed further
below). Moreover, in the illustrated embodiment, the angles «’, B’ are identical to the
angles «, B defined by the faces 116a, 116b of the cap 102. For a path is traced
along the flange 161 in a clockwise direction (when looking toward the flange 161),
the path moves proximally along the faces 116a and the path moves distally along
the faces 116b. The faces 116a, 116b can be substantially planar over at least a
portion thereof, and can be configured to complementarily contact the faces 197a,
197b, respectively, of the sleeve 191.

[0067] The male cap 104 defines an external surface 165 and an internal surface
166, each of which extends away from the flange 161. The internal surface 166 of
the cap 104 can include an outwardly directed surface of the sidewall 152, a
proximal end of the sidewall 152, and an inwardly directed surface of the sidewall
152 (see FIGS. 5C and 6). The outwardly directed portion of the internal surface 166
can define a connection interface 180 that is configured to interact with or engage
the connection interface 193 of the sleeve 191 so as to connect the cap 104 to the
sleeve 191. The connection interfaces 180, 193 can resemble the connection
interfaces 140, 195 discussed above. In addition, a portion of the sidewall 152 that
is at a proximal end of the connection interface 180 can include a chamfer 167,
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which can assist in centering the cap 104 relative to the sleeve 191 during
connection of these components.

[0068] The sidewall 152 of the cap 104 can define an extension, elongated
portion, or projection 155 that extends proximally from the connection interface 180.
The projection 155 can be configured to couple with a medical connector that
includes a male protrusion. The projection 155 includes a connection interface 142
that is configured to effect the coupling. In the illustrated embodiment, the projection
155 is substantially cylindrical, and the connection interface 142 comprises one or
more threads 143 that are positioned at an outwardly facing surface of the cylinder.
Any other suitable connection interface 142, such as any of those described above,
is possible. In the illustrated embodiment, the reinforcement rib 188 of the sleeve
191 can be at a longitudinal center of the assembly 100, and the projection 155 can
extend through the reinforcement rib 188.

[0069] With reference to FIGS. 5C and 6, an inwardly directed portion of the
internal surface 166 of the sidewall 152 can define a disinfection chamber 158, which
can extend from the proximal end of the projection 155 (i.e., the open proximal end
of the cap 104) to the base wall 154. A proximal portion of the disinfection chamber
158 can include a proximal seal region 171, which can be configured to form a fluid-
tight seal with the male protrusion portion of a medical connector. For example, the
seal region 171 may be shaped complementarily to an outer surface of a male
protrusion of a medical connector with which the male cap 104 is configured to be
used. In the illustrated embodiment, the proximal seal region 171 comprises a
substantially frustoconical surface 172 that complies with ISO luer standards (e.g.,
ISO 594-1:1986 and ISO 594-2:1998), such that a portion of a male luer can form a
seal with the seal region 171. The frustoconical surface 172 can be tapered so as to
decrease in diameter in a distal direction. In other embodiments, the proximal
portion of the disinfection chamber 158 may not be configured to form a fluid-tight
seal with a male protrusion of a medical connector.

[0070] The disinfection chamber 158 can further include an intermediate seal
region 173. In the illustrated embodiment, the intermediate seal region is formed by
a rim, ridge, lip, or shelf 174, which is defined by a short, substantially frustoconical
portion of the sidewall 1052 that increases in diameter in the distal direction. An
outer edge of a proximal surface of the sealing member 190 can define a greater

outer diameter than a minimum inner diameter of the shelf 174 such that the shelf
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174 can maintain the sealing member 190 within the chamber 158. The shelf 174
also can cooperate with the sealing member 190 to seal the chamber 158 when the
assembly 100 is in the pre-use state, as further discussed below.

[0071] In the illustrated embodiment, a long distal extension 175 of the disinfection
chamber 122 can extend distally from the shelf 174. The distal extension 123 has a
slightly tapered outer boundary that gradually decreases in cross-sectional area in
the distal direction. The disinfection chamber 122 can include a support column 168
within a distal region thereof. The support column 168 can be integrally formed with
both the base wall 154 and the sidewall 152, and can provide a rigid surface against
which the post 177 can rest. The support column 168 can act as a stop that
prevents the post 177 from moving distally within the chamber 122 past a proximal
end of the column 168. In some instances, however, a distal portion of the post 177
may deform so as to extend distally slightly past the proximal end of the support
column 168 when a medical connector is coupled with the cap 104. The support
column168 can reduce the amount of material that might otherwise be used to form
the handle 137 portion of the cap 104.

[0072] The post 177, which may also be referred to as a support or a base
element, can be configured to provide a base against which the antiseptic reservoir
or pad 170 can be compressed so as to force antiseptic 133 thereform. Accordingly,
the post 177 can be harder, stiffer, or less compliant than the pad 170, and can be
configured to compress, under a given force, to a smaller extent than the pad 170
does under the same force. For example, in various embodiments, the post 177 can
be no less than about 2, 3, or 4 times harder than the pad 170.

[0073] The post 177 can be elastically deformable such that compression of the
post 177 from a relaxed orientation gives rise to a restorative force. The post 177
can naturally return to the relaxed orientation upon removal of the compressive
force. The post 177 can comprise any suitable elastically deformable material. In
some embodiments, the post 177 comprises an elastomeric material, such as
silicone. In certain embodiments, the post 177 comprises a closed configuration
(e.g., closed cell foam) or is otherwise nonabsorbent such that little or no antiseptic
133 that is expelled from the pad 170 is received into the post 177. In other or further
embodiments, the post 177 may comprise a spring (e.g., a compression coil spring).
[0074] In the illustrated embodiment, a distal end of the post 177 seats snugly

against the inner surface 166 of the sidewall 152. The post 177 may form a fluid-
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tight seal with the sidewall 152, which may prevent antiseptic 133 that is expelled
from the pad 170 from migrating into the distal regions of the disinfecting chamber
158. Rather, the antiseptic 133 can be restrained to the proximal regions of the
disinfecting chamber 158 where it can be urged into contact with a male protrusion of
a medical connector.

[0075] The pad 170 can comprise any suitable material, such as those described
above with respect to other pads (including plastically deformable materials, in some
instances), and may be elastically or resiliently deformable. In some embodiments,
the pad 170 is attached to the post 177 via any suitable adhesive or other
attachment mechanism, although in other embodiments, no such attachment
mechanisms are used. For example, the pad 170 and the post 177 may be
maintained in contact with each other due to a slight longitudinal compression of one
or more of these components once the cap 104 is assembled (e.g., once the post
177, the pad 170, and the sealing member 190 are positioned between the support
column 168 and the shelf 174). Similarly, the pad 170 may be attached to the
sealing member 190, or it may maintain a substantially fixed orientation relative to
the sealing member 190 without such attachment due to the resilience of the pad
170 and/or the post 177, which are in a slightly compressed state.

[0076] In the illustrated embodiment, the pad 170 is substantially square in cross-
section along its full longitudinal length when the pad 170 is in a relaxed orientation
(see FIG. 2). Such an arrangement can facilitate and/or reduce material costs
associated with the manufacture of the pad 170. At least a portion of the pad 170
(e.g., the corners thereof) may be compressed radially when the pad 170 is
positioned within the housing 152. Other rectangular cross-sections are also
possible for the pad 170, and in other or further embodiments, the pad 170 may
define a rectangular cross-section along only a portion of the longitudinal length
thereof. In other embodiments, at least a portion of the pad 170 may define a round
cross-section, such as a circular, elliptical, or other ovoid shape. For example, the
pad 170 can be cylindrical so as to have a circular cross-section. The pad 170 may
define any other suitable shape, and may or may not be radially compressed when
the assembly 100 is in the pre-use state.

[0077] As previously mentioned, the pad 170 and the post 177 can, in some
embodiments, cooperate as a two-part support member 176. It is to be understood

that any other suitable support members 176 may be used. In some embodiments,
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one or more of the pad 170 and post 177 may be plastically deformable, such that
the support member 176 is merely compressible. In other embodiments, such as
that illustrated in the present drawings, the pad 170 and the post 177 can be
resiliently deformable such that a restorative force arises when the support member
176 is compressed. The support member 176 thus may also be referred to as a
biasing member 176, in certain instances.

[0078] In the illustrated embodiment, the biasing member 176 can urge the sealing
member 190 in the proximal direction into sealing contact with the shelf 174. The
seal thus formed may be fluid-tight, and may prevent antiseptic 133, whether in liquid
or vapor form, from exiting the disinfecting chamber 158 through the proximal end of
the cap 104 prior to coupling of the cap 104 to a medical connector. This proximal
seal may be in place when the assembly 100 is in the pre-use configuration, as well
as after the separation of the male and female caps 104, 102 when the assembly
100 is opened.

[0079] The illustrated sealing member 190 comprises unitary piece of material that
includes a cylindrical region and a conical region. The conical region can be well-
suited to form a seal with a tip of the projection of a male medical connector in
manners such as described above. In some instances, an apex of the conical region
can be received within a lumen of a luer when a medical connector is coupled with
the cap 104 (see, e.g., FIG. 8A). The sealing member 190 can be formed of any
suitable material, such as, for example, an elastomer (e.g., silicone) or a
thermoplastic, such as polypropylene, polycarbinate, acrylonitrile butadiene styrene
(ABS), polyvinyl chloride (PVC), or rigid or semi-rigid thermoset plastic. The sealing
member 190 can be formed in any suitable fashion, such as via molding or die
cutting. In some embodiments, the sealing member 190 can be harder, more rigid,
and/or less compliant than the pad 170. The sealing member 190 may be integral to
the pad 170. For example, in some embodiments, the sealing member 190 may
comprise a skin that is applied to the pad 170, or may comprise a modification of a
surface of the pad 170 (e.g., melting, heat forming, or the like). Other shapes of the
sealing member 190 are possible, including, for example, flat or planar, disk-shaped,
spherical, etc.

[0080] FIGS. 7A and 7B illustrate stages in a method of removing the male cap
104 from the assembly 100. In some embodiments, it can be particularly

advantageous to use the separation assists 108 in the removal process. For
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example, in some instances, the fluid-tight seal between the cap 104 and the sleeve
191 can be relatively tight and/or a slight vacuum may be present within the
assembly 100 (and/or may arise as the cap 104 is removed from the assembly 100),
such that the separation assists 108 can facilitate removal of the cap 104.

[0081] FIG. 7A illustrates the assembly 100 in the pre-use state, with the faces
162a, 197a and 162b, 197b of the surfaces 161, 196 in contact with each other.
Each paired set of surfaces constitutes a separation assist 108. In the illustrated
embodiment the assembly 100 includes four separation assists 108 rotationally
spaced from each other at intervals of approximately 90 degrees. Focusing now on
the upper separation assist 108 that includes the faces 162b, 197b, the face 162b
can define an angle B’ (see FIG. 5B) of about 20 degrees. The face 197b of the
sleeve 191 is at the same angle, although oppositely directed.

[0082] In order to separate the cap 104 from the sleeve 191, the cap 104 can be
rotated relative the sleeve 191. In the illustrated embodiment, the cap 104 is rotated
counterclockwise, which can cause the faces 162b, 197b to interact with each other
and slide past each other. The cap 104 thus cams relative to the sleeve 191 as the
rotational motion is converted into translational movement of the cap 104 away from
the sleeve 191, as shown by the arrow in FIG. 7B.

[0083] Where the angles a’, B’ (see FIG. 5B) of the surfaces 162a, 162b are
identical, the same mechanical advantage may be present whether the cap 104 is
rotated in the clockwise or counterclockwise directions. In other embodiments, the
separation assists 108 can be configured to aid in separating the cap 104 from the
sleeve 191 only when the cap 104 is rotated in one predetermined direction (e.g.,
either clockwise or counterclockwise). For example, the pair of faces 162a or the
pair of faces 162b may define an angle a’ or ’, respectively, of 20 degrees so as to
allow separation as shown in FIG. 5B, whereas the other pair of faces 162a, 162b
may be at an angle of about 90 degrees (i.e., approximately parallel to or extending
through a central axis of the cap 104) so as to prevent rotation and separation of the
cap 104. In other embodiments, one or more of the faces 162a, 162b may be at
larger or smaller angles «’, 8’. For example, one or more of the angles «’, 8’ may be
no more than about 15, 20, 1, 45, 60, or 75 degrees or no less than about 15, 20, 1,
45, 60, or 75 degrees. Other configurations of the separation assists 108 are also

possible. For example, in some embodiments, the complementary surfaces of the
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recess 162 and the protrusion 199 can define angles as just described, but the
surfaces may be rounded or otherwise non-planar.

[0084] The foregoing discussion regarding the separation assists 108 applies
equally to the separation assists 107. In the illustrated embodiment, the separation
assists 107, 108 are substantially identical. The sleeve 191 may be reversible, as
either end thereof may connect with either cap 102, 104. In other embodiments, the
arrangements of the separation assists 107, 108 may be different from each other.
For example, the planar surfaces of the separation assist 107 may be at a larger or
smaller angle than those of the separation assist 108 so as to provide a different
amount of separation force. Moreover, in some embodiments, the assembly 100
includes a number of separation assists 107 equal to the number of separation
assists 108, whereas in other embodiments, the assembly 100 may include more or
fewer separation assists 107 as compared with the number of separation assists
108. Other arrangements of the separation assists 107, 108 are contemplated,
including those discussed above with respect to the assembly 2700. Other
embodiments may be devoid of the separation assists 107, 108. Moreover, in some
instances, a user may remove one or more of the caps 102, 104 from the assembly
100 in a substantially longitudinal direction only (e.g., without rotating the caps 102,
104 relative to each other).

[0085] FIGS. 8A-8D illustrate consecutive stages of the cap 104 being coupled
with a medical device 200 that includes a male protrusion 219, which in the
illustrated embodiment is a male luer 220. As mentioned above, other arrangements
of the male protrusion 219 are also contemplated. A tip 221 of the protrusion 219,
can be received within the disinfection chamber 158 prior to contacting the sealing
member 190. Stated otherwise, the sealing member 190 can be recessed relative to
a proximal end of the sidewall 152 by a distance that is sufficiently great to permit at
least a portion of the male luer 220 to be received within the sidewall 152 before the
male luer contacts the sealing member 190.

[0086] In the illustrated stage of the procedure, the luer 220 has been advanced
sufficiently far into the disinfection chamber 158 to contact the sealing member 190
and to form a seal therewith. The connection interface 142 of the cap 104 has not
yet engaged a connection interface 212 of the medical connector 200 at this stage,
and the sealing member 190 is just beginning to move from its initial orientation, or

position, in a distal direction within the disinfection chamber 158 so as to break the
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proximal seal between the sealing member 190 and the shelf 174. The support
member 176, which is also in an initial orientation, can resist such distal movement
of the sealing member 190, which resistive force can be sufficient to create the seal
between the sealing member 190 and the luer 220 and thereby seal the fluid path
222.

[0087] In FIG. 8B, the luer 220 has been advanced slightly further into the
disinfection chamber 158, thereby compressing the pad 170 somewhat and forcing
antiseptic 133 out of the pad 170. The sealing member 190 can define an outer
diameter that is smaller than an inner diameter of this portion of the disinfection
chamber 158 such that a fluid path is present about an exterior of the sealing
member 190. Stated otherwise, the sealing member 190 has been urged distally to
a position where a periphery or outermost perimeter of the sealing member 190 is
spaced from the sidewall 152 such that an opening, spacing, or gap that exists
between the sealing member 190 and the sidewall 152. This opening may function
as a fluid port.

[0088] Antiseptic 133 thus can flow about the sealing member 190 and/or any
other portion of an open region that exists between the inner surface 166 of the
sidewall 152 and the outer surfaces of the post 177, the pad 170, the sealing
member 190, and the luer 220. Further advancement of the luer 220 into the
disinfection chamber 158 can cause the antiseptic 133 to fill this open region.
However, the antiseptic 133 does not enter into a fluid path, fluid passageway, or
lumen 222 of the luer 220 due to the seal between the luer 220 and the sealing
member 190. Further advancement of the luer 220 into the disinfection chamber 158
also can strengthen the seal between the luer 220 and the sealing member 190 due
to the increasing restorative forces that arise as the pad 170 is compressed.

[0089] As the pad 170 is softer or more compliant than the post 177, the pad 170
has been compressed to a much greater extent than the post 177 at this stage.
Indeed, in some embodiments, the post 177 may compress only slightly or not at all
at this stage.

[0090] In the illustrated embodiment, the interfaces 142, 212 have not yet coupled
with each other at this stage. However, in other embodiments, the interfaces 142,
210 may already cooperate with each other at this or at a previous stage so as to
draw the luer 220 into the disinfection chamber 158.
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[0091] In FIG. 8C, the luer 220 has been advanced even further into the
disinfection chamber 158, thereby compressing the pad 170 to a greater extent and
forcing additional antiseptic 133 into the interior regions of the disinfection chamber
158. In the illustrated embodiment, the post 177 is shown as having been slightly
compressed relative to its configuration in the stage shown in FIG. 8C, whereas the
pad 170 has been nearly completely compressed, such that all or nearly all of the
antiseptic 133 has been forced therefrom. Cooperation between the connection
interfaces 142, 212 can facilitate compression of the pad 170 and/or the post 177.
[0092] Although the outer surface of the luer 220 appears to be nearly parallel to
and in contact with the luer-tapered surface 172 of the sidewall 152, a fluid-tight seal
may not have formed yet in this area. Accordingly, the antiseptic 133 may be
permitted to cover the portion of the luer 220 that is within the chamber 158, while in
some embodiments, a small portion of antiseptic 133 may also be permitted to exit
from the disinfection chamber 158. The portion of the luer 220 that is within the
disinfection chamber 158 thus may contact the antiseptic 133 so as to be disinfected
thereby.

[0093] FIG. 8D illustrates a final or fully coupled stage or an end-of-stroke
orientation, in which the sealing member 190 has been moved distally within the
chamber 158 to a retracted orientation. The retracted orientation thus can
correspond with a final position of the sealing member 190 when the medical
connector 200 has been fully coupled with the cap 104. When it is in the retracted
orientation, the sealing member 190 is spaced from the proximal end of the sidewall
152 by a greater distance than it was when in the initial orientation shown in FIG. 8A.
Stated otherwise, the sealing member 190 can been moved from the initial
orientation (FIG. 8A) to the retracted orientation (FIG. 8D) so as to space the sealing
member 190 from the connection interface 142 by a progressively greater amount.
Similarly, or correspondingly, the support member 176 can been moved from the
initial orientation (FIG. 8A) to the retracted orientation (FIG. 8D) so as to space a
proximal end of the support member 176 from the connection interface 142 by a
progressively greater amount. In some instances, the initial and retracted
orientations may be described relative to the connection interface 142, since the
connection interface 212 of the medical connector 200 and the connection interface
142 of the cap 104 can cooperate with each other to advance the luer 220 deeper
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into the chamber 158, and as a result, advance the sealing member 190 and the
support member 176 to deeper positions within the disinfecting chamber 158.

[0094] In the illustrated embodiment, when the sealing member 190 has reached
this retracted orientation, the luer 220 has been advanced even further into the
disinfection chamber 158 such that the luer 220 forms a seal with the luer-tapered
surface 172 of the sidewall 152. Antiseptic 133 can be retained in all open portions
of the disinfection chamber 158 that are between the seal formed by the luer 220
and the sealing member 190 and the seal formed by the luer 220 and the sidewall
152. In the illustrated embodiment, a relatively large portion of the luer 220, which
includes all or most of the tip 221, is in continual contact with the portion of the
antiseptic 133 thus retained. This portion of the luer 220 can be bathed by the
antiseptic 133 and disinfected thereby. In other embodiments, larger portions of the
luer 220 can be bathed.

[0095] The deformable nature of the post 177 can allow for distal movement of the
pad 170, even after the pad 170 has been fully compressed. Such an arrangement
can allow for a range of acceptable lengths and diameters for the luer 220. For
example, shorter luers 220 than that illustrated in the drawings may still be able to
fully compress the pad 170 so as to expel all antiseptic therefrom.

[0096] In other embodiments, the medical connector 200 may include a male
protrusion other than a luer 220, such as a male protrusion that is shaped
substantially as a cylinder or in some other configuration, such as a taper having
dimensions other than those of a standard luer. In some embodiments, the surface
172 may be shaped complementarily to the outer surface of such protrusions so as
to for a seal therewith. In still other embodiments, the sidewall 152 may not form a
seal with the protrusion.

[0097] When the luer 220 is removed from the chamber 158, the restoration forces
of the pad 170 and/or the post 177 (i.e., the resilient biasing member 176) can
maintain the seal between the luer 220 and the sealing member 190, which can
prevent antiseptic from entering into the lumen 222 of the luer 220. The sealing
member 190 can be returned to the initial orientation shown in FIG. 8A.

[0098] FIG. 9 illustrates an embodiment of a medical connector assembly 300 with
which the female cap 102 can be coupled. Any suitable medical connector or
medical connector assembly is contemplated, particularly those that define one or

more open female lumens. The illustrated medical connector assembly 300
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comprises a medical stopcock valve assembly that includes a plurality of fluid-
directing tubes, each having a connection interface. The connector assembly 300
can be formed of any suitable material, such as, for example, plastic. In the
illustrated embodiment, the assembly 300 comprises a first port or female connector
portion 301 and a second port or female connector portion 302 that can be placed in
selective communication with a third port or male connector portion 303 via a valve
or direction control member 304. The direction control member 304 is rotatably
arranged within the valve body for selectively closing one or more ports while
opening communication between at least two other ports. The medical connector
assembly 300 may be used in any of a variety of medical procedures and operations,
such as, for example, metering the infusion of fluids into patients. A female cap 102
can be used with one or more of the female connector portions 301, 302, such as
when the respective female connector portion or port is not in use.

[0099] In the illustrated embodiment, the female connector portions 301, 302 each
comprise a female luer lock fitting, although other arrangements are also possible.
With reference in particular to the port or connector 302, the connector 302 can
include a sidewall 310 that includes a connection interface 312 at a proximal end
thereof. The Connection interface 312 can include any suitable arrangement, and
can be configured to cooperate with the connection interface 130 of a female cap
102 so as to couple the cap to the connector 302 in a secure yet selectively
removable manner. In the illustrated embodiment, the connection interface 312
comprises threading 313. The sidewall 310 can define a proximal end or proximal
face 321 and an interior surface 323. The interior surface 323 can define an open
female lumen 322, which can define a fluid path or passageway through which fluids
can flow through the assembly 300.

[00100] FIGS. 10A-10C illustrate consecutive stages of the cap 102 being coupled
with the port 302 of the connector assembly 300. The coupling may proceed in a
manner similar to coupling the cap 104 with a male medical connector 200, as
discussed above with respect to FIGS. 8A-8D.

[00101] With reference to FIG. 10A, the connection interface 130 of the housing
110 can be coupled with the connection interface 312 of the port 302. In some
embodiments, this coupling can take place before contact between a proximal end of
the port 302 and the sealing member 141 occurs. The cap 102 can be rotated

relative to the port 302 so as to further engage the threads 131, 313 and advance
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the cap 102 over the port 302. Upon sufficient advancement of the cap 102 over the
port 302, the sealing member 141 can contact the proximal face 321 and/or the
interior surface 323 of the port 302. In the illustrated embodiment, the sealing
member 141 initially contacts a ring of the port 302 at which the proximal face 321
and the interior surface 323 meset.

[00102] In the illustrated stage of the procedure, the port 302 has been advanced
sufficiently far into the disinfection chamber 122 to contact the sealing member 141
and to form a seal therewith. The sealing member 141 is just beginning to move
from its initial orientation, or position, in a distal direction within the disinfection
chamber 122. The pad 132, acting as the support member 134, opposes the distal
movement of the sealing member 141, thereby providing sufficient resistive force for
the creation of the seal. As shown in FIG. 10A, the support member 134 is also in
an initial orientation. Substantially no antiseptic 133 has been expelled from the pad
132 at this stage.

[00103] In FIG. 10B, the port 302 has been advanced slightly further into the
disinfection chamber 122, thereby compressing the pad 132 somewhat and forcing
antiseptic 133 out of the pad 132. The sealing member 141 can define an outer
diameter that is smaller than an inner diameter of this portion of the disinfection
chamber 122 such that a fluid path is present about an exterior of the sealing
member 132. Stated otherwise, the sealing member 141 has been urged distally to
a position where a periphery or outermost perimeter of the sealing member 141 is
spaced from the sidewall 112 such that an opening, spacing, or gap that exists
between the sealing member 141 and the sidewall 112. This opening may function
as a fluid port.

[00104] Antiseptic 133 thus can flow about the sealing member 141 and into
contact with the port 302. However, the antiseptic 133 does not enter into the fluid
path 322 of the port 302 due to the seal between the port 302 and the sealing
member 141. Further advancement of the port 302 into the disinfection chamber
122 also can strengthen the seal between the port 302 and the sealing member 141
due to the increasing restorative forces that arise as the pad 132 is compressed.
[00105] In the illustrated embodiment, only a relatively small contact area is
maintained between the sealing member 141 and the port 302, but this area can be
sufficient to form and maintain a fluid-tight seal that prevents antiseptic 133 from

entering the fluid path 322. In other embodiments, the sealing member 141 can be
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configured to plug the fluid path 322 and/or contact a larger portion of the inner
surface 323, as discussed further below with respect to FIGS. 12-15.

[00106] FIG. 10C illustrates a final or fully coupled stage or an end-of-stroke
orientation, in which the sealing member 141 has been moved distally within the
chamber 122 to a retracted orientation. The retracted orientation thus can
correspond with a final position of the sealing member 141 when the cap 102 has
been fully coupled with the port 302. When it is in the retracted orientation, the
sealing member 141 is spaced from the proximal end of the housing 110 by a
greater distance than it was when in the initial orientation shown in FIG. 10A. Stated
otherwise, the sealing member 141 can been moved from the initial orientation (FIG.
10A) to the retracted orientation (FIG. 10C) so as to space the sealing member 141
from the connection interface 130 by a progressively greater amount. Similarly, or
correspondingly, the support member 134 can be moved to a retracted orientation in
which it has been compressed such that a proximal end thereof is further from the
connection interface 130 than it was when the support member 134 was in its initial
orientation. In some instances, the initial and retracted orientations may be
described relative to the connection interface 130, since the connection interface 130
of the cap 102 and the connection interface 312 of the port 302 can cooperate with
each other to advance the port 302 deeper into the chamber 122, and as a result,
advance the sealing member 141 and the proximal end fo the support member 134
to deeper positions within the chamber 122.

[00107] In the illustrated embodiment, when the sealing member 141 has reached
this retracted orientation, the port 302 has been advanced even further into the
disinfection chamber 122. Antiseptic 133 can be permitted to flow to all open
portions of the disinfection chamber 122, and thus may bathe, disinfect, or clean an
exterior surface of the port 302.

[00108] When the port 302 is removed from the chamber 122, the restoration forces
of the pad 132 can maintain the seal between the port 302 and the sealing member
141, which can prevent antiseptic from entering into the lumen 322. The sealing
member 141 can be returned to the initial orientation shown in FIG. 10A.

[00109] FIGS. 11-15 illustrate another embodiment of an assembly 400 that
includes an embodiment of a female cap 402 and an embodiment of a male cap 404,
which can resemble the assembly 100 and caps 102, 104 described above in certain

respects. Accordingly, like features are designated with like reference numerals,
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with the leading digits “1” incremented to “4.” Relevant disclosure set forth above
regarding similarly identified features thus may not be repeated hereafter. Moreover,
specific features of the assembly 400 may not be shown or identified by a reference
numeral in the drawings or specifically discussed in the written description that
follows. However, such features may clearly be the same, or substantially the same,
as features depicted in other embodiments and/or described with respect to such
embodiments. Accordingly, the relevant descriptions of such features apply equally
to the features of the assembly 400. Any suitable combination of the features and
variations of the same described with respect to the assembly 100 can be employed
with the assembly 400, and vice versa. Such disclosure methods apply to additional
embodiments disclosed hereafter, such as those shown in each of FIGS. 16-19B, 20,
21, 22, 23A-23C, and 24.

[00110] The caps 402, 404 can be coupled to each other via a sleeve 491. In the
illustrated embodiment, the assembly 400 is devoid of separation assists, such as
those described above with respect to the assembly 100.

[00111] As shown in FIG. 12, the female cap 402 can include a seal inhibitor 425
that resembles the seal inhibitor 125 described above. However, the seal inhibitor
425 can define a slightly different shape. In particular, the contact regions 126 and
the venting regions 127 can define a castellation pattern. In other or further
embodiments, the cap 402 may be devoid of a seal inhibitor 425, since, for example,
certain medical connectors with which the cap 402 may be coupled may not have
outwardly projecting surfaces against which a seal may be formed at the distal end
of the female cap 402 (see, e.g., FIGS. 14 and 15).

[00112] With reference to FIG. 15, the cap 402 can include a support member 434
that comprises a pad 432, such as the support member 134 and pad 132 described
above. With reference to FIGS. 12-15, and in particular, FIG. 15, the cap 402 can
include a sealing member 441 that resembles and functions similarly to the sealing
member 141 described above, but that defines a different shape. The sealing
member 441 may be more plug-like than the sealing member 441, in that it can be
configured to contact a greater portion of an interior surface 323 of the female
connector or port 302. The sealing member 441 can include a base region 444, a
tapered region 445, and a proximal flange region 446. In the illustrated embodiment,
the base region 444 defines a greater maximum diameter than do the tapered region

445 and the flange region 446. The maximum diameter of the tapered region 445
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can be larger than an inner diameter of the port 302 at the proximal end 321 thereof.
The base region 444 may prevent direct contact with the pad 434, in some
embodiments.

[00113] The tapered region 445 can be configured to form a seal along a significant
length of the interior surface 323 of the port 302, which can ensure that antiseptic is
not introduced into the fluid path 322. In some embodiments, the interior surface
323 of the port 302 and the tapered region 445 of the sealing member 441 each
conform to standard ISO luer specifications, such that a fluid-tight seal is formed
once the cap 402 has been advanced over the port 302 by a sufficient amount. In
some embodiments, the proximal flange 446 may be flexible, particularly in a distal
direction. The proximal flange 446 may, in further embodiments, define an outer
diameter that is slightly larger than an outer diameter defined by a proximal end of
the tapered region 445. The proximal flange 446 may enhance a strength of the seal
formed by the sealing member 441 and/or facilitate entry of the sealing member 441
into the female lumen defined by the port 302.

[00114] FIGS. 16-19B illustrate another embodiment of a female cap 502, which
can be compatible with various cap assemblies disclosed herein. The cap 502 can
include a housing 510 that includes a sidewall 512 and an base wall 513. As shown
in FIG. 16, a distal end of the housing 510 can include gripping features 503 that are
shaped differently from the gripping features 103. In the illustrated embodiment, the
gripping features 503 comprise tear-shaped depressions. A proximal end of the
housing can include seal inhibitors 525, which can resemble any of the seal
inhibitors discussed above.

[00115] With reference to FIG. 18, the housing 510 can further define a central post
509 that extends proximally from the base wall 513. The post 509 provide for a
disinfecting chamber 522 that has a smaller volume, as compared with other female
caps described above. Further, a pad 532 that is disposed at a distal end of the
chamber 522 can define a substantially annular shape, and may comprise less
material than certain other embodiments of pads described herein.

[00116] The post 509 can include multiple regions, which may have different or
specific functions. In the illustrated embodiment, a proximal region 521 of the post
509 can be somewhat thicker than other portions thereof. The proximal region 521
can define a sealing member 541 portion of the cap 502. An outward portion of the

proximal region 521 thus may be configured to plug and/or seal a female lumen of a
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medical connector, and thus may, in further embodiments, have a luer-shaped taper
(although other configurations are also possible).

[00117] A medial region 517 of the post 509 may extend distally from the proximal
region 521, and may narrow in thickness in the distal direction toward a folding,
bending, crumpling, or weakened region 514. The weakened region 514 may define
a minimum thickness of the post 509. In the illustrated embodiment, the weakened
region 514 is a circular region that extends about a periphery of the post 509. A
distal region 511 can extend distally from the weakened region 514, and can
increase in thickness in the distal direction. Together, the medial region 517, the
weakened region 514, and the distal region 511 can cooperate as a stress
concentrator and may be configured to collapse. These regions may define a
support member 534 that is configured to support the sealing member 541
sufficiently to permit the sealing member to form a seal with a medical connector,
and then collapse upon application of a sufficient amount of force to permit the
sealing member 541 to move distally and allow contact between the medical
connector and the pad 532, as discussed hereafter. The support member 534 can
be configured to collapse upon application of a predetermined amount of force
thereto. In some embodiments, deformation of the support member 534 may
resemble the deformation that occurs when a thin-walled aluminum can (e.g., for soft
drinks) is compressed and torqued.

[00118] The support member 534 can be plastically deformable, or substantially
plastically deformable, such that little restorative forces arise after the support
member 534 has collapsed. In other embodiments, the collapsible support member
534 may be resiliently deformable. The post 509 may be integrally formed with the
remainder of the housing 510, or it may be attached thereto. The post 509 and/or
the remaining portions of the housing 510 can be formed of any suitable material. In
various embodiments, the post 509 and/or the housing 510 can comprise any
suitable form of injection moldable, medical grade plastic, including, for example,
polypropylene, polyethylene, polycarbonate, polyurethane, ABS, thermoplastic
materials, thermoplastic elastomers, etc.

[00119] FIG. 19A depicts an early stage of a procedure for coupling the female cap
502 with a medical connector, such as the port 302. In the illustrated embodiment,
connection interfaces of the cap 502 and the port 302 are used to tighten the cap

502 onto the port 302. The sealing member 541 can form a fluid-tight seal with an
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interior surface 323 of the port 302. A relational geometry of the sealing member
541 and the pad 532 can be such that the seal is formed before any portion of the
port 302 contacts the pad 532. Accordingly, in the illustrated embodiment, a distal
end of the port 302 is spaced from the pad 532 after the seal has been formed. The
resistance forces to insertion of the port 302 into the cap 502 provided by the support
member 534 thus can be sufficient to allow creation of the seal.

[00120] FIG. 19B depicts a later stage of the coupling procedure. The port 302 has
been inserted further into the cap 502 so as to compress the pad 532 and expel
antiseptic therefrom. The relative orientation of the sealing member 541 and the
connector 302 is relatively unchanged. However, the additional compressive forces
imparted to the support member 534 as the port 302 is advanced to this position
overwhelm the support member 534 and cause it to collapse. In particular, the
medial region 517 and the distal region 511 fold inward about the weakened region
514.

[00121] The configuration shown in FIG. 19A can be referred to as an initial
orientation of each of the sealing member 541 and the support member 534. The
configuration shown in FIG. 19B can be referred to as a retracted orientation of each
of the sealing member 541 and the support member 534. When in the retracted
orientation, each of the sealing member 541 and the support member 534 has
moved distally relative to a connection interface 530 defined by the female cap 502.
[00122] FIG. 20 illustrates another embodiment of a female cap 602, which can be
compatible with various cap assemblies disclosed herein. The cap 602 can include
a housing 610 that includes a sidewall 612 and an base wall 613. The sidewall 612
can define a connection interface 630 that includes inwardly directed threads 632.
The sidewall 612 can also define a disinfecting chamber 622.

[00123] The cap 602 includes a sealing member 641, which can resemble other
sealing members discussed herein. In the illustrated embodiment, the sealing
member 641 can be configured to plug a portion of a female lumen of a medical
connector. The sealing member 641 can define a substantially frustoconical shape.
[00124] The cap 602 can include a pad 632 that retains an antiseptic therein. In the
illustrated embodiment, the pad 632 substantially defines an annulus, and can
extend about a support member 634. In particular, the pad 632 can define a cavity
635 through which the support member 634 extends.
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[00125] The support member 634 can be resiliently deformable. In the illustrated
embodiment, the support member 634 comprises a coil spring 647. In other
embodiments, the support member 634 can comprise one or more springs that are in
forms other than helical, such as, for example, beam, leaf, conical, torsion, etc.
Such springs may comprise any suitable material, such as, for example, metals
and/or polymers. The spring 647 can extend between the base wall 613 of the
housing 610 and the sealing member 641. In the illustrated embodiment, a distal
end of the sealing member 641 is longitudinally spaced from (e.g., is positioned
above) a proximal end of the pad 632.

[00126] In use, the sealing member 641 of the cap 602 forms a seal with a female
lumen of a medical connector. After formation of the seal, a distal end of the medical
connector can come into contact with the pad 632 so as to compress the pad 632
and expel antiseptic therefrom. This contact can also serve to swab the portion of
the medical connector that contacts the pad 632. Each of the sealing member 641
and the support member 647 thus can transition from the initial orientation shown in
FIG. 20 to a retracted orientation, in which the sealing member 641 and the support
member 647 are closer to the base wall 613. In transitioning to the retracted
orientation, at least a portion of the sealing member can travel through a portion of
the cavity 635 defined by the pad 632. Upon decoupling of the cap 602 from the
medical connector, the support member 647 can return to its initial orientation, and
can also urge the sealing member 641 back to the initial orientation.

[00127] FIG. 21 illustrates another embodiment of a female cap 702, which can be
compatible with various cap assemblies disclosed herein, and can particularly
resemble the cap 602. The cap 702 can include a housing 710 with a base wall 713
such as the housing 610 and base wall 613, a pad 732 such as the pad 632, and a
sealing member 741 such as the sealing member 641. However, the cap 702 can
include a support member 734 that comprises a compressible pad 748. In some
embodiments, the pad 748 is plastically deformable, and in other embodiments, the
pad is resiliently deformable. The resiliently deformable embodiments can operate
substantially the same as support member 647 described above.

[00128] FIG. 22 illustrates another embodiment of a female cap 802, which can be
compatible with various cap assemblies disclosed herein, and can particularly
resemble the cap 602. The cap 802 can include a housing 810 with a base wall 813

such as the housing 610 and base wall 613, a pad 832 such as the pad 832, and a
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sealing member 841 such as the sealing member 641. However, the cap 802 can
include a support member 834 that comprises one or more collapsible extensions
849. In some embodiments, the extensions comprise molded parts, which may be
integral with the housing 810 or attached thereto. In some embodiments, the
extensions 849 are plastically deformable, and in other embodiments, they are
resiliently deformable. The resiliently deformable embodiments can operate
substantially the same as support member 647 described above.

[00129] FIGS. 23A-23C illustrate another embodiment of a female cap 902 that is
configured for connection to a medical connector 302, which includes a connection
interface 312 and defines a female lumen 322. The cap 902 can include a housing
910 that defines a connection interface 930, a disinfecting chamber 922, and a distal
cavity or chamber extension 925. The chamber extension 925 can extend the
disinfecting chamber 922 distally. A sidewall of the chamber extension 925 can
include locking features, such as detents or, in the illustrated embodiment, grooves
928, 929. In particular, a proximal groove 928 and a distal groove 929 are defined,
although more grooves are possible. The grooves may extend about at least a
portion of a periphery of the chamber extension 925.

[00130] The cap 902 can include a shuttle or plug 921 that is configured to translate
within the chamber extension 925. An annular pad 932 can extend about that plug
921. The plug 921 can include a sealing member 941 and a support member 934.
In the illustrated embodiment, the sealing member 941 and support member 934 are
integrally formed from the same piece of material. Other arrangements are also
possible.

[00131] In some embodiments, the support member 934 can include a relief groove
931, which can allow for radial compression of the support member 934 and may
permit the support member 934 to be under tension when it is within the chamber
extension 925. The support member 934 can define locking features that are
complementary to those of the chamber extension 925. For example, in the
illustrated embodiment,t he support member 934 defines outwardly projecting
detents 951 that are sized to be received within either of the grooves 928, 929.
Together, the detents 951 and grooves 928, 929 can operate as a locking system or
latching system 905. The relief groove 931 can also contribute to operation of the
latching system 905. Other suitable latching system arrangements are also

contemplated.
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[00132] The plug 921 can be configured to transition from the initial position shown
in FIGS. 23A and 23B to the retracted position shown in FIG. 23C. In particular, with
reference to FIG. 23B, the connector 302 can form a fluid tight seal with the sealing
member 941. Interaction between the proximal groove 928 and the detent 951 can
be sufficiently strong to maintain the sealing member 941 in its initial orientation so
as to form the seal with the connector 302. A distal end of the connector 302 may be
spaced from the pad 932 at this point, so as to prevent antiseptic from entering into
the lumen 322 prior to creation of the seal.

[00133] Upon further advancement of the connector 302 into the cap 902, the
forces on the plug 921 can be sufficient to cause radial compression of the support
member 934 so as to move the detent 951 to the distal groove 929. In some
embodiments, the detent 951/groove 929 pairing can maintain the plug 921 in the
retracted position when the medical connector 302 is removed from the cap 902.
[00134] In some embodiments, a cap 1002 can be packaged independently of
another cap when in a pre-use state, such that it may not be part of an assembly.
For example, as shown in FIG. 24, in some embodiments, a removable cover 1086
may be secured to a proximal end of a cap 1002 in any suitable manner, such as, for
example, via an adhesive. Preferably, the cover 1086 can be readily removed by a
practitioner. The cover 1086 may include a graspable tab 1087 to aid in the removal
thereof. The removable cover 1086 can be formed of any suitable material, such as,
for example, an impervious pliable material (e.g., foil, plastic, metallized-surface
mylar). Examples of suitable covers are illustrated in U.S. Patent Application No.
12/917,336, titled DISINFECTING CAPS AND SYSTEMS AND ASSOCIATED
METHODS, filed November 1, 2010.

[00135] FIG. 25 illustrates an example of medical connectors 200, 300 for which
caps disclosed herein may be used. Any suitable variety of medical connectors 200,
300 is possible, such as, for example, luer lock connectors. The connectors 200,
300 are associated with a fluid pathway 1100, such as a fluid line 1105 of any
suitable variety, which may be coupled with an IV bag 1110 or other suitable fluid
delivery system. Commonly, the fluid pathway 1200 can be used to intermittently

administer medications to a patient P.
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[00136] In the illustrated embodiment, the connector 300 of the fluid pathway 1100,
which communicates fluids with a patient’'s blood stream, may be selectively
disconnected from the connector 200. One or more of the connectors 200, 300 may
be connected to other connectors (not shown), such as a connector associated with
a central line. The medical connectors 200, 300 may be connected and
disconnected at various times, and may remain disconnected for several minutes or
hours. Medical connector caps disclosed herein can be used to cover and protect
the various medical connectors 200, 300 while the connectors are separated from
one another.

[00137] The foregoing disclosure recites various embodiments that include caps
that are configured to disinfect medical connectors. Certain of such caps can include
a housing that defines a connection interface and that defines a chamber in which an
antiseptic is retained. lllustrative examples of means for sealing a fluid path of a
medical connector include the sealing members 141, 190, 441, 541, 641, 741, 841,
and 941. lllustrative examples of means for supporting the means for sealing a fluid
path include the supporting members 134, 176, 434, 534, 634, 734, 834, and 934.
[00138] It will be understood by those having skill in the art that many changes may
be made to the details of the above-described embodiments without departing from
the underlying principles presented herein. For example, any suitable combination
of features of the various embodiments of assemblies described above is
contemplated.

[00139] Any methods disclosed herein comprise one or more steps or actions for
performing the described method. The method steps and/or actions may be
interchanged with one another. In other words, unless a specific order of steps or
actions is required for proper operation of the embodiment, the order and/or use of
specific steps and/or actions may be modified.

[00140] It should be appreciated that in the above description of embodiments,
various features are sometimes grouped together in a single embodiment, figure, or
description thereof for the purpose of streamlining the disclosure. This method of
disclosure, however, is not to be interpreted as reflecting an intention that any claim
require more features than those expressly recited in that claim. Rather, as the
following claims reflect, inventive aspects lie in a combination of fewer than all
features of any single foregoing disclosed embodiment. Thus, the claims following

this Detailed Description are hereby expressly incorporated into this Detailed
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Description, with each claim standing on its own as a separate embodiment. This
disclosure includes all permutations of the independent claims with their dependent
claims.

[00141] References to approximations are made throughout this specification, such
as by use of the terms “about” or “approximately.” For each such reference, it is to
be understood that, in some embodiments, the value, feature, or characteristic may
be specified without approximation. For example, where qualifiers such as “about,”
“substantially,” and “generally” are used, these terms include within their scope the
qualified words in the absence of their qualifiers. For example, where the term
“substantially planar” is recited with respect to a feature, it is understood that in
further embodiments, the feature can have a precisely planar orientation.

[00142] Recitation in the claims of the term “first” with respect to a feature or
element does not necessarily imply the existence of a second or additional such
feature or element. It will be apparent to those having skill in the art that changes
may be made to the details of the above-described embodiments without departing
from the underlying principles of the invention.

[00143] What is claimed is:
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CLAIMS

1. A cap configured to disinfect a medical connector, the cap comprising:

a housing that defines a connection interface that is configured to couple the
cap with a medical connector, the housing further defining a chamber;

an antiseptic within the chamber;

a sealing member within the chamber that is moveable relative to at least a
portion of the housing, wherein the sealing member is configured to contact a portion
of a medical connector so as to seal a fluid path defined by the medical connector
when the cap is coupled to the medical connector to thereby prevent antiseptic from
entering the fluid path; and

a support member coupled with the sealing member, wherein the support
member is configured to transition from an initial orientation relative to the
connection interface to a retracted orientation relative to the connection interface,
and wherein the support member is configured to provide a sufficient amount of
resistive force to the sealing member so as to permit the sealing member to seal the
fluid path of a medical connector prior to a complete transition of the support
member into the retracted orientation.

2. The cap of claim 1, wherein the support member comprises a
deformable pad that includes at least a portion of the antiseptic therein.

3. The cap of claim 2, wherein the pad is configured to expel antiseptic
once compressed such that the antiseptic can move from one side of the sealing
member to another side of the sealing member.

4. The cap of either of claims 2 or 3, wherein the pad is resiliently
deformable such that the pad is configured to return the sealing member from the
retracted orientation to the initial orientation when the cap is decoupled from a
medical connector.

5. The cap of ay of claims 2-4, wherein a transverse cross-section
through the pad is either round or rectangular in shape.

6. The cap of claim 1, further comprising a pad that comprises at least a
portion of the antiseptic therein.

7. The cap of claim 6, wherein the pad extends about at least a portion of
the support member when the support member is in the initial orientation.
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8. The cap of either of claims 6 or 7, wherein the pad extends about at
least a portion of the sealing member when the support member is in the retracted
orientation.

9. The cap of any of claims 6-8, wherein the pad defines a cavity, wherein
at least a portion of the support member is positioned within the cavity, and wherein
the sealing member is configured to move through at least a portion of the cavity
when a medical connector is coupled with the cap.

10.  The cap of any of the foregoing claims, wherein the support member is
compressible, and wherein the support member is uncompressed when it is in the
initial orientation and is compressed when it is in the retracted orientation.

11.  The cap of any of the foregoing claims, wherein the support member is
resiliently deformable.

12. The cap of claim 11, wherein the support member comprises one or
more of a spring and an elastomeric pad.

13. The cap of any of claims 1-10, wherein the support member is
plastically deformable.

14. The cap of claim 13, wherein the support member is configured to
collapse upon application of sufficient force to the sealing member.

15. The cap of claim 14, wherein the support member comprises a
collapsible structure at an interior of the chamber that is positioned between the
sealing member and the housing.

16. The cap of claim 13, wherein the housing defines at least a portion of
the support member.

17.  The cap of claim 16, wherein the support member comprises a region
of weakness at which the housing is thinner than it is in neighboring regions.

18.  The cap of claim 1, wherein the support member is translatable from an
initial position to a retracted position, the cap further comprising a locking system
that is configured to maintain the support member in the initial position until a
sufficient coupling force with a medical connector is achieved, at which point the
support member is permitted to translate to the retracted position.

19. The cap of claim 18, wherein the locking system is configured to
maintain the support member in the retracted position once the support member has
been translated thereto.
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20. The cap of any of the foregoing claims, wherein the support member is
integrally formed with the sealing member.

21.  The cap of any of the foregoing claims, wherein at least a portion of a
surface of the sealing member is frustoconical.

22. The cap of any of the foregoing claims, wherein a surface of the
sealing member defines a luer taper such that at least a portion of the sealing
member is configured to be received within a lumen defined by a female luer
connector so as to seal against an inner surface of the luer connector.

23. The cap of any of the foregoing claims, wherein the connection
interface projects radiallly inwardly from an inwardly facing surface of the housing,
and wherein the cap is configured to be coupled with a female medical connector.

24. The cap of claim 1, wherein the connection interface projects radially
outwardly from an outwardly facing surface of the housing, and wherein the cap is
configured to be coupled with a male medical connector.

25. The cap of claim 1, wherein the chamber is sized and dimensioned to
receive a male protrusion of a medical cap therein.

26. The cap of claim 25, wherein the male protrusion of the medical
connector defines a lumen, and wherein the sealing member is configured to create
a fluid-tight seal with the male protrusion that is capable of preventing fluid from
entering the lumen.

27. The cap of claim 1, wherein the support comprises a pad and a
resilient post, wherein the pad is positioned between the sealing member and the
post, and wherein the sealing member and the post are configured to cooperate to
compress the pad as the cap is coupled to a medical connector so as to force
antiseptic from the pad.

28. The cap of claim 27, wherein the support is less compliant than the pad
such that the pad is more easily compressed than is the support.

29. The cap of claim 1, wherein the housing comprises a sidewall that
defines at least a portion of the chamber, and wherein at least a portion of the
sidewall is tapered so as to be able to form a seal with a male luer.

30. The cap of claim 1, wherein the support member is configured to resist
movement of the sealing member such that the sealing member forms a seal with a
medical connector before any portion of the support member moves toward the

retracted orientation.
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31. The cap of claim 1, wherein the support member is configured to

provide a sufficient amount of resistive force to the sealing member so as to permit

the sealing member to seal the fluid path of a medical connector prior to any contact

being made between the antiseptic and the medical connector.

32. An assembly configured to disinfect one or more medical connectors,

the assembly comprising:

and

a first cap that comprises a housing that defines a first connection interface;

a second cap that comprises:

a housing that defines a first connection interface;

a sealing member within the chamber that is moveable relative to the
housing, wherein the sealing member is configured to contact a portion of a
medical connector so as to seal a fluid path defined by the medical connector
when the second cap is coupled to the medical connector to thereby prevent
antiseptic from entering the fluid path; and

a support member coupled with the sealing member, wherein the
support member is configured to transition from an initial orientation relative to
the first connection interface of the second cap to a retracted orientation
relative to the first connection interface of the second cap, and wherein the
support member is configured to provide a sufficient amount of resistive force
to the sealing member so as to permit the sealing member to seal the fluid
path of a medical connector prior to a complete transition of the support
member into the retracted orientation,

wherein, when the assembly is in a pre-use configuration, the first and second

caps are coupled with the assembly via their respective first connection interfaces.

33. The assembly of claim 32, further comprising a sleeve, wherein the first

cap is coupled with the sleeve via the first connection interface of the first housing

and the second cap is coupled with the sleeve via the first connection interface of the

second housing.

34. The assembly of either of claims 32 or 33, wherein the housing of the

first cap comprises a second connection interface that is configured to couple the

first cap with a medical connector.
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35. The assembly of any of claims 32-34, wherein the housing of the
second cap comprises a second connection interface that is configured to couple the
second cap with a medical connector.

36. The assembly of any of claims 32-35, wherein the first cap further
comprises:

a sealing member within the chamber of the housing of the first cap that is
moveable relative to said housing, wherein the sealing member is configured to
contact a portion of a medical connector so as to seal a fluid path defined by the
medical connector when the first cap is coupled to the medical connector to thereby
prevent antiseptic from entering the fluid path; and

a support member coupled with the sealing member, wherein the support
member is configured to transition from an initial orientation relative to the first
connection interface of the first cap to a retracted orientation relative to the
connection interface, and wherein the support member is configured to provide a
sufficient amount of resistive force to the sealing member so as to permit the sealing
member to seal the fluid path of a medical connector prior to a complete transition of
the support member into the retracted orientation.

37. The assembly of claim 36, wherein the sealing member of the first cap
is configured to form a seal with a male projection of a medical connector, and
wherein the sealing member of the second cap is configured to form a seal with a
female lumen of a medical connector.

38. A method of disinfecting a medical connector, the method comprising:

providing a cap that comprises:

a housing that defines a chamber;

an antiseptic within the chamber; and

a sealing member within the chamber that is movable relative to at
least a portion of the housing;

forming a seal between the sealing member and a fluid pathway of a medical
connector;

moving at least a portion of the antiseptic into contact with the medical
connector after having formed the seal; and

preventing antiseptic from entering the fluid pathway via the seal.
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39. The method of claim 38, wherein a pad comprises the antiseptic and
wherein moving at least a portion of the antiseptic into contact with the medical
connector comprises expelling antiseptic from the pad.

40. The method of either of claims 38 and 39, wherein the cap further
comprises a support member coupled with the sealing member, wherein forming the
seal between the sealing member and the fluid pathway comprises resisting
movement of the sealing member via the support member.

41. The method of any of claims 38-40, wherein the cap further comprises
a support member coupled with the sealing member, the method further comprising
transitioning the support member from an initial orientation to a retracted orientation.

42. The method of claim 41, wherein transitioning the support member to
the retracted orientation comprises one or more of compressing the support
member, translating the support member within the chamber, and collapsing the
support member.

43. The method any of claims 38-42, wherein the cap further comprises a
connection interface, the method further comprising coupling the cap to the medical
connector via the connection interface.

44, The method of claim 38, wherein the medical connector comprises a
male protrusion, and wherein forming a seal between the sealing member and a fluid
pathway of a medical connector comprises urging the male protrusion against the
sealing member.

45. The method of claim any of claims 38-43, wherein the medical
connector comprises a female lumen, and wherein forming a seal between the
sealing member and a fluid pathway of a medical connector comprises plugging the
female lumen with the sealing member.

46. A cap configured to disinfect a medical connector, the cap comprising:

a housing that defines a connection interface that is configured to couple the
cap with a medical connector, the housing further defining a chamber;

an antiseptic retained within the chamber;

means for sealing a fluid path of a medical connector, wherein the means for
sealing is configured to contact a portion of a medical connector so as to seal a fluid
path defined by the medical connector when the cap is coupled to the medical
connector to thereby prevent antiseptic from entering the fluid path; and

41 of 43



WO 2011/066586 PCT/US2010/058453

means for supporting the means for sealing, wherein the means for
supporting is configured to permit the means for sealing to create a seal with a
medical connector before the antiseptic is moved into contact with the medical
connector such that seal can prevent the antiseptic from entering the fluid path of the

medical connector.
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