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FIG. 4

to a female luer port of an intravenous device. The cap distributes an antimi-
crobial solution within the intraluminal surfaces of the port when the cap is
connected to the port. A cap is also designed to distribute an antimicrobial
solution around the exterior surfaces of the port. Once connected to a port,
the cap can form a seal that minimizes the evaporation of the antimicrobial
solution from within the lumen of a port. The cap can therefore provide anti-
microbial protection against another device that is connected to the port once
the cap is removed.
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IV ACCESS PORT CAP FOR
PROVIDING ANTIMICROBIAL PROTECTION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] Not Applicable.
BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to caps for providing antimicrobial
protection to an IV access port or other type of device having a female luer connection. In
particular, the caps of the present invention can be used to distribute an antimicrobial solution
within the intraluminal space of a female luer device.

[0003] Currently, there are various products available for capping a port of an
intravenous device (e.g. a catheter or other infusion device). In this specification, port will be
used generally to describe any type of connector for interconnecting two devices. For
example, Figure 1 generally illustrates a port 100 that is configured as a female luer lock
connector, while Figure 2 generally illustrates a port 200 that is configured as a needleless
female luer connector. Typically, a needleless connector employs a valve that seals the
lumen of the device from the exterior environment and which is pierced or otherwise
separated by a male connector to obtain access to the lumen.

[0004] In this specification, a female luer connector should be interpreted as any
connector having an internal lumen that is tapered to conform to a corresponding male
connector having the same or similar degree of tapering. These female luer connectors can
include luer lock and luer slip (or non-lock luer) connectors.

[0005] Intravenous devices can employ ports to provide quick access to a patient’s
vasculature. These ports also enable the device to remain within the patient’s vasculature
even when no access to the vasculature is needed. When a port of an intravenous device is
not in use, it is desirable to maintain the port clean and free from bacteria and other microbes.
If the port becomes contaminated with microbes while not in use, it is possible that the
microbes will be flushed into the patient’s vasculature once the port is again used for
accessing the patient’s vasculature. Accordingly, maintaining a sterile port is essential to
minimize the risk of infection.

[0006] To maintain the sterility of a port, various types of caps have been designed.
These caps typically contain an antimicrobial solution that is applied to the exterior surfaces
of the port when a cap is attached to the port. For example, some caps employ an alcohol-

soaked material that is disposed within the cavity of the cap so that the material scrubs the



12 Mar 2019

2015219311

exterior surfaces of the port when the cap is screwed on. Once screwed on, these caps can
retain an amount of the antimicrobial solution around the exterior surface of the port to
ensure that the exterior surface remains sterile until the cap is removed.

[0007] These caps have proven to be effective for disinfecting the exterior surfaces of the
port. However, current designs only disinfect the exterior surfaces. Any microbes that may
exist within the intraluminal space will likely remain even after these current caps are used.
[0008] Alternatively, to address this risk of infection, some ports are configured to have
antimicrobial coatings on the intraluminal surfaces. With such coatings, the intraluminal
surfaces can remain sterile even if microbes come in contact with the surfaces. These
coatings can also dissolve into the fluid within the lumen to effectively spread antimicrobial
agents throughout the lumen. However, there are various drawbacks to using antimicrobial
coatings on the intraluminal surfaces of ports. For example, ports that employ antimicrobial
coatings are significantly more expensive to produce. As a result many facilities choose not
to use them. Also, for a coating to be effective, it must retain its antimicrobial properties for
at least the amount of time that the port could possibly be used (e.g. up to 7 days). To
accomplish this, relatively thick coatings or highly concentrated coatings are used. This
causes the concentration of antimicrobial agents to be very high during the initial usage time
which poses a toxicity risk.

[0008A] Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is not to be taken as an admission that any or all
of these matters form part of the prior art base or were common general knowledge in the
field relevant to the present disclosure as it existed before the priority date of each of the
appended claims.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention extends to caps for providing antimicrobial protection to a
female luer port of an intravenous device. The caps of the present invention are designed to
distribute an antimicrobial solution within the intraluminal surfaces of the port. Additionally,
in some embodiments, the caps are designed to also distribute an antimicrobial solution
around the exterior surfaces of the port. Accordingly, the caps of the present invention
provide a complete solution for disinfecting a port of an intravenous device.

[0010] In one embodiment, the present invention is implemented as a cap for a port of an
intravenous device. The cap can comprise a body having a cavity; an actuator positioned
within the cavity; and an absorbent material containing an antimicrobial solution. The

absorbent material is contained within the cavity between the actuator and an inner surface of
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the body. When the cap is connected to a port of an intravenous device, the actuator is forced
into the cavity and compresses the absorbent material causing the antimicrobial solution to
flow onto an intraluminal surface of the port.

[0011] In some embodiments, the actuator comprises a lumen through which the

antimicrobial solution flows to reach a lumen of the port.

[0012] In some embodiments, the actuator comprises a male luer in which the lumen is
formed.
[0013] In some embodiments, the antimicrobial solution flows through a gap between the

body and an exterior surface of the actuator and onto an exterior surface of the port.

[0014] In some embodiments, the body includes a seal that the actuator contacts when the
cap is connected to the port thereby forming a seal between the actuator and the body.

[0015] In some embodiments, the concentration of an antimicrobial agent within the
antimicrobial solution is selected such that when the antimicrobial solution mixes with fluid
contained within the lumen of the port, the concentration of the antimicrobial agent remains

higher than the minimum inhibitory concentration of the antimicrobial agent.

[0016] In some embodiments, the port is a female luer into which the actuator inserts.
[0017] In some embodiments, the port is a needleless connector into which the actuator
inserts.

[0018] In some embodiments, the actuator includes a protrusion that is positioned within

a lumen in the body, the protrusion having a lumen through which the antimicrobial solution
flows.

[0019] In some embodiments, the actuator includes a plurality of prongs that extend
through corresponding openings in the body.

[0020] In some embodiments, the antimicrobial solution flows through the openings

when the actuator is forced into the cavity.

[0021] In some embodiments, the actuator includes a lumen that has an antimicrobial
coating.
[0022] In another embodiment, the present invention is implemented as a cap for a port of

an intravenous device. The cap can comprise a body having a cavity; an actuator positioned
within the cavity, the actuator having a lumen; and an absorbent material containing an
antimicrobial solution, the absorbent material being contained within the cavity between the
actuator and an inner surface of the body. Prior to the cap being connected to a port of an
intravenous device, the absorbent material remains uncompressed. Then, when the cap is

connected to a port of an intravenous device, the actuator compresses the absorbent material
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causing the antimicrobial solution to flow through the lumen of the actuator and into a lumen
of the port.

[0023] In some embodiments, the actuator is sized such that a gap exists between an outer
edge of the actuator and a wall of the cavity, the antimicrobial solution also flowing through
the gap onto an exterior surface of the port.

[0024] In some embodiments, the actuator includes a plurality of prongs which extend
through corresponding openings in the body. The antimicrobial solution flows through the

openings onto the exterior surface of the port

[0025] In some embodiments, the body includes a seal for sealing the lumen of the
actuator.

[0026] In some embodiments, the actuator comprises a male luer.

[0027] In another embodiment, the present invention is implemented as a cap for a

needleless connector of an intravenous device. The cap can comprise a body having a cavity;
an absorbent material positioned within the cavity, the absorbent material containing an
antimicrobial solution; and an actuator positioned within the cavity against the absorbent
material. The actuator is moveable within the cavity to compress the absorbent material such
that upon the cap being connected to a needleless connector, the needleless connector causes
the actuator to compress the absorbent material releasing the antimicrobial solution onto an
intraluminal surface of the needleless connector.
[0028] In some embodiments, the actuator comprises a lumen. The antimicrobial
solution flows through the lumen of the actuator onto the intraluminal surface of the
needleless connector.
[0029] In some embodiments, the antimicrobial solution also flows around an exterior
surface of the actuator onto an exterior surface of the needleless connector.
[0029A] According to one embodiment of the present disclosure there is provided a cap
for a port of an intravenous device, the cap comprising:

a body having a proximal end and a distal end, the body including a cavity formed in
the distal end of the body;

an actuator having a proximal end and a distal end, the proximal end of the actuator
being contained within the cavity, the distal end of the actuator extending out from the cavity
and being configured to insert into the port of the intravenous device, the proximal end of the
actuator being configured to move within the cavity between a distal position and a proximal

position; and
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an absorbent material containing an antimicrobial solution, the absorbent material
being contained within the cavity between the proximal end of the body and the proximal end
of the actuator, the absorbent material being compressible;

wherein when the cap is connected to the port of the intravenous device, the proximal
end of the actuator is advanced proximally into the cavity from the distal position to the
proximal position thereby compressing the absorbent material causing the antimicrobial
solution to flow through the distal end of the actuator and onto an intraluminal surface of the
port.
[0029B] In another embodiment, the present disclosure provides a cap for a port of an
intravenous device, the cap comprising:

a body having a proximal end and a distal end, the body including a cavity formed in
the distal end of the body;

an actuator having a proximal end and a distal end, the proximal end of the actuator
being contained within the cavity, the distal end of the actuator extending out from the cavity
and being configured to insert into the port of the intravenous device, the distal end of the
actuator including a lumen, the proximal end of the actual being configured to move within
the cavity between a distal position and a proximal position; and

an absorbent material containing an antimicrobial solution, the absorbent material
being contained within the cavity between the proximal end of the actuator and an inner
surface of the body;

wherein prior to the cap being connected to the port of the intravenous device, the
absorbent material remains uncompressed, and when the cap is connected to the port of the
intravenous device, the actuator compresses the absorbent material causing the antimicrobial
solution to flow through the lumen of the distal end of the actuator and into a lumen of the
port.
[0029C] In yet another embodiment, there is provided a cap for a needleless connector
of an intravenous device, the cap comprising:

a body having a proximal end and a distal end, the body including a cavity formed in
the distal end of the body;

an absorbent material positioned within the cavity, the absorbent material containing
an antimicrobial solution; and

an actuator having a proximal end and a distal end, the proximal end of the actuator
being contained within the cavity, the distal end of the actuator extending out from the cavity

and being configured to insert into the needleless connector, the proximal end of the actuator
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being configured to move within the cavity between a distal position and a proximal position
such that upon the cap being connected to the needleless connector, the needleless connector
causes the proximal end of the actuator to compress the absorbent material thereby releasing
the antimicrobial solution onto an intraluminal surface of the needleless connector.

[0029D] Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps.

[0030] This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed subject matter.

[0031] Additional features and advantages of the invention will be set forth in the
description which follows, and in part will be obvious from the description, or may be
learned by the practice of the invention. The features and advantages of the invention may be
realized and obtained by means of the instruments and combinations particularly pointed out
in the appended claims. These and other features of the present invention will become more
fully apparent from the following description and appended claims, or may be learned by the
practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the manner in which the above-recited and other advantages and features
of the invention can be obtained, a more particular description of the invention briefly
described above will be rendered by reference to specific embodiments thereof which are

illustrated in the appended drawings. Understanding that these drawings depict only

4B



WO 2015/126701 PCT/US2015/015482

typical embodiments of the invention and are not therefore to be considered to be limiting of
its scope, the invention will be described and explained with additional specificity and detail
through the use of the accompanying drawings in which:

[0033] Figure 1 illustrates a perspective view of an example of a prior art port that is
configured as a female luer lock connector.

[0034] Figure 2 illustrates a perspective view of an example of a prior art port that is
configured as a needleless female luer connector.

[0035] Figure 3 illustrates a perspective view of a cap in accordance with one or more
embodiments of the invention that may be used to apply an antimicrobial solution to the
intraluminal surfaces of a port.

[0036] Figure 4 illustrates a cross-sectional view of a cap in accordance with one or more
embodiments of the invention in which an actuator is movable within the body of the cap to
cause an antimicrobial solution to be squeezed from an absorbent material contained within
the body and distributed through the actuator into the intraluminal space of a port.

[0037] Figure 5 illustrates a cross-sectional view of a cap having a body that is comprised
of two pieces in accordance with one or more embodiments of the invention.

[0038] Figure 6 illustrates a cross-sectional view of a cap that is configured to be
connected to a port that is configured as a luer slip connector in accordance with one or more
embodiments of the invention.

[0039] Figures 7A-7C illustrate a sequence of how the cap depicted in Figure 4 is
connected to a port of an intravenous device. Figure 7A illustrates the cap prior to contacting
the port. Figure 7B illustrates that, as the cap is being forced onto the port, the actuator is
forced into the absorbent material causing antimicrobial solution to flow towards the port
through the gaps formed by the movement of the actuator and through the lumen of the
actuator. Figure 7C illustrates that, once the cap is fully connected to the port, the actuator is
forced against a seal to seal the lumen of the port.

[0040] Figure 8 illustrates a cross-sectional view of the cap depicted in Figure 4 when
connected to a port that does not include a ridge against which the actuator presses.

[0041] Figures 9A and 9B illustrate a sequence of how the cap depicted in Figure 4 can
be used on a port that employs a septum.

[0042] Figure 10A illustrates a cross-sectional view of an alternate embodiment of a cap
which employs prongs to facilitate the flow of antimicrobial solution to the exterior surfaces
of the port.

[0043] Figure 10B illustrates an exploded view of the cap of Figure 10A.
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[0044] Figures 11A-11C illustrate a sequence of how the cap depicted in Figure 10A is
connected to a port of an intravenous device. Figure 11A illustrates the cap upon contacting
the port. Figure 11B illustrates that, as the cap is being forced onto the port, the actuator is
forced into the absorbent material causing antimicrobial solution to flow towards the port
through the gaps formed by the movement of the actuator and through the lumen of the
actuator. Figure 11C illustrates that, once the cap is fully connected to the port, the actuator
is forced against a seal to cause further flow of the antimicrobial solution to be only through
the lumen of the actuator.
DETAILED DESCRIPTION OF THE INVENTION

[0045] The present invention extends to caps for providing antimicrobial protection to a

female luer port of an intravenous device. The caps of the present invention are designed to
distribute an antimicrobial solution within the intraluminal surfaces of the port. Additionally,
in some embodiments, the caps are designed to also distribute an antimicrobial solution
around the exterior surfaces of the port. Accordingly, the caps of the present invention
provide a complete solution for disinfecting a port of an intravenous device.

[0046] In one embodiment, the present invention is implemented as a cap for a port of an
intravenous device. The cap can comprise a body having a cavity; an actuator positioned
within the cavity; and an absorbent material containing an antimicrobial solution. The
absorbent material is contained within the cavity between the actuator and an inner surface of
the body. When the cap is connected to a port of an intravenous device, the actuator is forced
into the cavity and compresses the absorbent material causing the antimicrobial solution to
flow onto an intraluminal surface of the port.

[0047] In some embodiments, the actuator comprises a lumen through which the

antimicrobial solution flows to reach a lumen of the port.

[0048] In some embodiments, the actuator comprises a male luer in which the lumen is
formed.
[0049] In some embodiments, the antimicrobial solution flows through a gap between the

body and an exterior surface of the actuator and onto an exterior surface of the port.

[0050] In some embodiments, the body includes a seal that the actuator contacts when the
cap is connected to the port thereby forming a seal between the actuator and the body.

[0051] In some embodiments, the concentration of an antimicrobial agent within the
antimicrobial solution is selected such that when the antimicrobial solution mixes with fluid
contained within the lumen of the port, the concentration of the antimicrobial agent remains

higher than the minimum inhibitory concentration of the antimicrobial agent.
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[0052] In some embodiments, the port is a female luer into which the actuator inserts.
[0053] In some embodiments, the port is a needleless connector into which the actuator
inserts.

[0054] In some embodiments, the actuator includes a protrusion that is positioned within

a lumen in the body, the protrusion having a lumen through which the antimicrobial solution
flows.

[0055] In some embodiments, the actuator includes a plurality of prongs that extend
through corresponding openings in the body.

[0056] In some embodiments, the antimicrobial solution flows through the openings

when the actuator is forced into the cavity.

[0057] In some embodiments, the actuator includes a lumen that has an antimicrobial
coating.
[0058] In another embodiment, the present invention is implemented as a cap for a port of

an intravenous device. The cap can comprise a body having a cavity; an actuator positioned
within the cavity, the actuator having a lumen; and an absorbent material containing an
antimicrobial solution, the absorbent material being contained within the cavity between the
actuator and an inner surface of the body. Prior to the cap being connected to a port of an
intravenous device, the absorbent material remains uncompressed. Then, when the cap is
connected to a port of an intravenous device, the actuator compresses the absorbent material
causing the antimicrobial solution to flow through the lumen of the actuator and into a lumen
of the port.

[0059] In some embodiments, the actuator is sized such that a gap exists between an outer
edge of the actuator and a wall of the cavity, the antimicrobial solution also flowing through
the gap onto an exterior surface of the port.

[0060] In some embodiments, the actuator includes a plurality of prongs which extend
through corresponding openings in the body. The antimicrobial solution flows through the

openings onto the exterior surface of the port

[0061] In some embodiments, the body includes a seal for sealing the lumen of the
actuator.

[0062] In some embodiments, the actuator comprises a male luer.

[0063] In another embodiment, the present invention is implemented as a cap for a

needleless connector of an intravenous device. The cap can comprise a body having a cavity;
an absorbent material positioned within the cavity, the absorbent material containing an

antimicrobial solution; and an actuator positioned within the cavity against the absorbent
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material. The actuator is moveable within the cavity to compress the absorbent material such
that upon the cap being connected to a needleless connector, the needleless connector causes
the actuator to compress the absorbent material releasing the antimicrobial solution onto an
intraluminal surface of the needleless connector.

[0064] In some embodiments, the actuator comprises a lumen. The antimicrobial
solution flows through the lumen of the actuator onto the intraluminal surface of the
needleless connector.

[0065] In some embodiments, the antimicrobial solution also flows around an exterior
surface of the actuator onto an exterior surface of the needleless connector.

[0066] Figure 3 illustrates a perspective view of a cap 300 in accordance with one or
more embodiments of the invention. As shown, cap 300 comprises a body 301 and an
actuator 302. Body 301 is generally shaped to allow cap 300 to be connected to a female luer
connector such as port 100. If the cap is designed to connect to a female luer lock connector,
the inside surface of the body can include threads (e.g. as shown in Figure 4). In contrast, if
the cap is designed to connect to a female luer slip connector, the inside surface of the body
may or may not include threads. In either case, actuator 302 can be configured as a male luer
connector to allow actuator 302 to be inserted into the female luer port 100.

[0067] Figure 4 illustrates a cross-section view of cap 300. As shown, cap 300 includes
body 301, actuator 302, and absorbent material 303 positioned between body 301 and
actuator 302. Cap 300 includes threads 310 and is therefore an example of a cap designed for
a female luer lock connector. Actuator 302 has a tip that is designed as a male luer connector
to allow the tip to be inserted into the lumen of a female luer connector.

[0068] Figure 4 depicts cap 300 prior to being connected to a port. Before connection,
actuator 302 is positioned against the interior surface of body 301 and does not compress
absorbent material 303. In some embodiments, actuator 302 can be held in this position by
an adhesive, welding, or other physical force between body 301 and actuator 302. In other
embodiments, actuator 302 can be held in this position by absorbent material 303. In other
words, absorbent material 303 may be sufficiently rigid to retain the position of actuator 302
until a substantial force is applied against actuator 302. In any case, actuator 302 is designed
to not compress absorbent material 303 until cap 300 is connected to a port. A seal (not
shown) can be applied overtop of actuator 302 and possibly the opening of body 301 to seal
absorbent material 303 from the exterior environment until cap 300 is to be used.

[0069] Figure 5 illustrates a cross-sectional view of an alternate embodiment of cap 300.

In this alternate embodiment, body 301 comprises two pieces, a top piece 301a and a bottom
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piece 301b. This two piece design can be used to facilitate manufacturing (e.g. to facilitate
positioning actuator 302 within body 301). Whether the design of Figure 4 or of Figure 5 is
employed, cap 300 will function the same as will be described below.

[0070] Figure 6 illustrates a cross-sectional view of another alternate embodiment of cap
300. In this embodiment, body 301 does not include threads but is configured to form a
friction fit with the exterior surface of a port. Accordingly, a cap in accordance with this
alternate embodiment could be used on a non-lock female luer connector. Regardless of the
type of port to which cap 300 will be connected, it is desirable to secure body 301 to the port
(e.g. via threads or a friction fit) to allow a seal to be formed between actuator 302 and body
301 once the cap is connected. The role of this seal will be further described below with
reference to Figure 7C.

[0071] With continued reference to Figures 4-6, absorbent material 303 is saturated with
an antimicrobial solution which remains within absorbent material 303 until absorbent
material 303 is compressed. Actuator 302 is designed to provide a fluid pathway to distribute
the antimicrobial solution to a port when cap 300 is connected to the port. The primary fluid
pathway is through lumen 320. However, a secondary fluid pathway is also provided around
the exterior of actuator 302. The distribution of the antimicrobial solution is illustrated in
Figures 7A-7C.

[0072] Figures 7A-7C illustrate a sequence that occurs when cap 300 is connected to a
port. Although Figures 7A-7C illustrate the design of cap 300 as shown in Figure 4, the same
sequence would occur when a cap designed as shown in Figures 5 or 6 is connected. Also,
for simplicity of illustration, cap 300 is shown as being connected to port 100. However, the
same sequence would occur when cap 300 is connected to any port that is configured as a
female luer connector. Examples of ports on which cap 300 can be used include the BD Q-
Syte® (manufactured by Becton, Dickinson and Company), the CareFusion MaxPlus® Clear
(manufactured by CareFusion Corp), and the LifeShield MicroClave® (manufactured by
Hospira, Inc.) among many others.

[0073] Figure 7A shows the state of cap 300 prior to contacting port 100. In this state,
cap 300 is as shown in Figure 4. Port 100 is shown as including an internal ridge 111 against
which the tip of actuator 302 presses when cap 300 is connected to the port. Port 100 is also
shown as including threads 110 and is therefore an example of a luer lock connector.
Accordingly, cap 300 is connected to port 100 by threading the cap onto the port.

[0074] As shown in Figure 7B, as cap 300 is initially inserted into and advanced onto port

100, the tip of actuator 302 contacts ridge 111 of port 100. This contact forces actuator
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upward away from body 301 and into absorbent material 303. The compression of absorbent
material 303 causes the antimicrobial solution to flow out of the absorbent material. The
arrows in Figure 7B indicate the pathways along which the absorbent material will flow.
[0075] The primary pathway along which the antimicrobial solution flows is through
lumen 320 of actuator 302. Because lumen 320 aligns with lumen 120 of port 100, the
antimicrobial solution flowing through lumen 320 will ultimately be distributed along the
surfaces of lumen 120 and into any fluid contained within lumen 120. In this way, the
intraluminal surfaces of port 100 can be disinfected.

[0076] The secondary pathway is around actuator 302 as depicted by the outer arrows in
Figure 7B. The antimicrobial solution will flow along the secondary pathway until the top
surface of actuator 302 contacts seal 304 formed along the interior surface of body 301 as is
shown in Figure 7C. The contact between actuator 302 and seal 304 limits the antimicrobial
solution from flowing around actuator 302 and therefore forces further flow through lumen
320. In this way, an adequate amount of antimicrobial solution will flow into the
intraluminal space of port 100.

[0077] As shown in Figure 7C, after cap 300 has been connected, antimicrobial solution
will be contained within lumen 320 and lumen 120 as well as in the spaces between the outer
surface of actuator 302, and the inner surface of body 301. This antimicrobial solution
outside of actuator 302 can disinfect the top and outer surfaces of port 100. Because the
connection between port 100 and cap 300 may not be fluid tight, the antimicrobial solution
may be allowed to seep between threads 110 and 310 and onto the exterior surfaces of port
100. Also, in some embodiments where a tight seal is not form (or at least not formed
initially when the antimicrobial solution flows around actuator 302) this antimicrobial
solution can flow into the opening of port 100 between the exterior surface of actuator 302
and the interior surface of port 100. In this way, the intraluminal surfaces that may otherwise
not be reached by antimicrobial solution that has flowed through lumen 320 may still be
disinfected.

[0078] Accordingly, the design of cap 300 allows the intraluminal surfaces of a port to be
disinfected. Because the lumen of port 100 may typically contain a fluid (e.g. a saline
solution or other solution that was infused into the patient), the antimicrobial solution can
mix with the fluid to enhance the distribution of the antimicrobial agents throughout lumen
120.

[0079] When cap 300 is fully connected to port 100, a seal can be formed between

actuator 302 and seal 304 as shown in Figure 7C. The tight fit between the male luer actuator
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302 and the female luer port 100 can also form a seal between these two connectors.
Accordingly, lumens 120 and 320 can be substantially sealed from the external environment
thereby limiting the amount of antimicrobial solution within lumen 120 that evaporates after
cap 300 has been connected. The antimicrobial solution can therefore remain active until the
cap is removed for attachment of another device. In this way, when another device is
connected to the port, the antimicrobial solution that remains within lumen 120 can disinfect
the tip of the device. Accordingly, cap 300 not only disinfects port 100 when not in use, but
can also disinfect other devices that are connected to the port after cap 300 has been removed.
[0080] Figure 8 illustrates a cross-sectional view of an alternate embodiment in which a
port 100a does not include a ledge against which the tip of actuator 302 presses. In such
cases, the frictional force created when actuator 302 has been inserted into lumen 120 can be
sufficient to force actuator 302 upward into absorbent material 303. This frictional force can
also be sufficient to form a seal between actuator 302 and port 100.

[0081] Figures 9A and 9B illustrate a cross-sectional view of another alternate
embodiment in which cap 300 is connected to a port 200 that is configured as a needleless
connector that includes a split septum 230. As shown in Figure 9A, as the tip of actuator 302
initially contacts septum 230 and is forced through septum 230, actuator 302 is forced
upwardly to initiate the flow of antimicrobial solution. Actuator 302 will pass through
septum 230 and ultimately contact a ledge within lumen 220 of port 200 (or if port 200 does
not contain a ledge, may contact the tapered sides of the port). As shown in Figure 9B, when
fully connected, cap 300 is positioned in a similar manner on port 200 as cap 300 is
positioned on port 100. Accordingly, cap 300 can be used to disinfect the intraluminal
surfaces of ports of various designs and configurations.

[0082] Figure 10A illustrates a cross-sectional view of another embodiment of a cap
1000. Cap 1000, like cap 300, includes a body 1001, an actuator 1002, and absorbent
material 1003. However, actuator 1002 and the bottom surface of body 1001 have a different
configuration to enhance the flow of absorbent material to the exterior surfaces of a port.
[0083] Figure 10B illustrates a cross-sectional exploded view of cap 1000 in which
actuator 1002 is shown removed from body 1001. As shown, actuator 1002 includes a
central protrusion 1053 that forms lumen 1020. Actuator 1002 also includes prongs 1052 that
extend from the bottom surface of actuator 1002. The bottom of body 1001 is configured to
accommodate actuator 1002. For example, body 1001 includes a lumen 1050 within which
protrusion 1053 is contained and openings 1051 through which prongs 1052 extend. Figures

11A-11C illustrate how this configuration of cap 1000 enhances the flow of antimicrobial
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solution to the exterior surfaces of a port while still distributing sufficient antimicrobial
solution to the lumen of the port.

[0084] Figure 11A illustrates cap 1000 upon actuator 1002 contacted the top surface of
port 1100. As shown, the design of actuator 1002 causes prongs 1052 to first contact port
1100. Then, in Figure 11B, the upward force on prongs 1052 causes actuator 1002 to
compress absorbent material 1003 resulting in antimicrobial solution flowing through lumen
1020 and around the exterior of actuator 1002 in much the same manner as described with
reference to Figures 7B.

[0085] However, because of the positioning of openings 1051 near the edges of port
1100, the antimicrobial solution that flows through openings 1051 will more easily flow onto
the exterior surfaces of port 1100. Additionally, as with cap 300, the primary pathway of the
flow of the antimicrobial solution is through lumen 1020 and into lumen 1120 of port 1100.
[0086] Figure 11C illustrates cap 1000 once fully connected to port 1100. As shown, in
this position, port 1100 has forced actuator 1002 upward until it contacts seal 1004. At this
point, antimicrobial solution will be forced to flow through lumen 1020. However, the
antimicrobial solution that flowed around actuator 1002 and is contained within the internal
spaces of body 1001 will be allowed to flow out through openings 1051 onto the exterior
surfaces of port 1100.

[0087] Although Figure 11C shows that a gap exists between protrusion 1053 and the
internal surfaces of lumen 1050 when cap 1000 is fully connected, in some embodiments, the
dimensions of protrusion 1053 and lumen 1050 can be configured so that protrusion 1053
forms a tight seal within lumen 1050 when actuator 1002 is in the upward position. Forming
a seal between protrusion 1053 and lumen 1050 may be desired when a tight seal is not
formed between port 1100 and body 1001.

[0088] The caps of the present invention also provide the advantage of minimizing the
concentrations of antimicrobial solution that must be used to ensure that the port is
adequately disinfected. For example, as stated in the Background, one problem that arises
when antimicrobial coatings are used is that the coatings may be too concentrated and may
therefore pose toxicity problems. In contrast, because the caps of the present invention are
intended for one-time use and are deployed when the port is not in use, the concentrations of
antimicrobial solution can be minimized. In other words, in contrast to coatings which must
remain active from the time they are applied to the port (e.g. when manufactured) until the
port will no longer be used, the caps of the present invention will only remain on the port in

between uses. Because the fluid volume in the port is static and fixed, the concentration of
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the antimicrobial solution will not change when the cap is in place. Therefore a reduced
concentration of antimicrobial solution can be employed in the caps of the present invention
while still providing adequate antimicrobial protection. In some embodiments, the
concentration of the antimicrobial solution (or the concentration once mixed with fluid
already present within the lumen of the port) can be just higher than the minimum inhibitory
concentration of the antimicrobial agent in the solution.

[0089] Many different types of antimicrobial solutions may be used in caps of the present
invention. For example, any antimicrobial agent that is soluable in alcohol, saline, or
saline/heparin solutions can be employed. The concentration of the antimicrobial agent
within the antimicrobial solution can be selected so that the resulting concentration of the
agent once the antimicrobial solution is mixed with the fluid in the lumen of the port is above
the minimum inhibitory concentration of the antimicrobial agent. Suitable antimicrobial
agents include CHA and CHG among others.

[0090] In alternate embodiments, the lumen of the actuator can be coated with an
antimicrobial coating. In such embodiments, the cap may or may not also include the
absorbent material containing the antimicrobial solution. For example, when the cap does not
include the absorbent material, the antimicrobial protection can be provided when the fluid
within the lumen of the port contacts the antimicrobial coating within the lumen of the
actuator. The dry antimicrobial coating can dissolve into the fluid to thereby disinfect the
lumen of the port. Providing an antimicrobial coating on the lumen of the actuator as
opposed to on the lumen of the port can allow a lower concentration of antimicrobial agent to
be used for the reasons described above.

[0091] When the cap does include the absorbent material and an antimicrobial coating,
the flow of the antimicrobial solution from the absorbent material may be partially or
completely directed around the exterior of the actuator to ensure distribution on the exterior
surfaces of the port. Some antimicrobial solution may be designed to flow through the lumen
in the actuator to assist in distributing the antimicrobial coating throughout the lumen of the
port. In this way, an antimicrobial solution can still be directed to both the intraluminal and
the exterior surfaces of the port.

[0092] The present invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope of the invention is, therefore,

indicated by the appended claims rather than by the foregoing description. All changes
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which come within the meaning and range of equivalency of the claims are to be embraced

within their scope.
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CLAIMS

1. A cap for a port of an intravenous device, the cap comprising:

a body having a proximal end and a distal end, the body including a cavity formed in
the distal end of the body;

an actuator having a proximal end and a distal end, the proximal end of the actuator
being contained within the cavity, the distal end of the actuator extending out from the cavity
and being configured to insert into the port of the intravenous device, the proximal end of the
actuator being configured to move within the cavity between a distal position and a proximal
position; and

an absorbent material containing an antimicrobial solution, the absorbent material
being contained within the cavity between the proximal end of the body and the proximal end
of the actuator, the absorbent material being compressible;

wherein when the cap is connected to the port of the intravenous device, the proximal
end of the actuator is advanced proximally into the cavity from the distal position to the
proximal position thereby compressing the absorbent material causing the antimicrobial
solution to flow through the distal end of the actuator and onto an intraluminal surface of the
port.

2. The cap of claim 1, wherein the distal end of the actuator comprises a lumen,
the antimicrobial solution flowing through the lumen into a lumen of the port.

3. The cap of claim 2, wherein the distal end of the actuator comprises a male
luer in which the lumen is formed.

4. The cap of any one of claims 1 to 3, wherein the proximal end of the actuator
is configured such that a gap exists between the proximal end of the actuator and an inner
surface of the cavity as the proximal end of the actuator is advanced towards the proximal
position, and wherein the antimicrobial solution flows through the gap between the body and
an exterior surface of the actuator and onto an exterior surface of the port.

5. The cap of any one of the preceding claims, wherein, when in the proximal
position, the proximal end of the actuator contacts an inner surface of the cavity thereby
forming a seal between the actuator and the body.

6. The cap of any one of the preceding claims, wherein the concentration of an
antimicrobial agent within the antimicrobial solution is selected such that when the

antimicrobial solution mixes with fluid contained within the lumen of the port, the
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concentration of the antimicrobial agent remains higher than the minimum inhibitory
concentration of the antimicrobial agent.

7. The cap of any one of claims 1 to 6, wherein the port is a female luer into
which the distal end of the actuator inserts.

8. The cap of any one of claims 1 to 6, wherein the port is a needleless connector
into which the distal end of the actuator inserts.

9. The cap of any one of the preceding claims, wherein the distal end of the body
forms a lumen, and wherein the distal end of the actuator forms a protrusion that is positioned
within the lumen formed by the distal end of the body, the protrusion having a lumen through
which the antimicrobial solution flows.

10. The cap of any one of the preceding claims, wherein the actuator includes a
plurality of prongs that extend through corresponding openings in the distal end of the body.

11. The cap of claim 10, wherein the antimicrobial solution flows through the
openings when the proximal end of the actuator is advanced proximally into the cavity.

12. The cap of any one of the preceding claims, wherein the actuator includes a
lumen, the lumen having an antimicrobial coating.

13. A cap for a port of an intravenous device, the cap comprising:

a body having a proximal end and a distal end, the body including a cavity formed in
the distal end of the body;

an actuator having a proximal end and a distal end, the proximal end of the actuator
being contained within the cavity, the distal end of the actuator extending out from the cavity
and being configured to insert into the port of the intravenous device, the distal end of the
actuator including a lumen, the proximal end of the actuator being configured to move within
the cavity between a distal position and a proximal position; and

an absorbent material containing an antimicrobial solution, the absorbent material
being contained within the cavity between the proximal end of the actuator and an inner
surface of the body;

wherein prior to the cap being connected to the port of the intravenous device, the
absorbent material remains uncompressed, and when the cap is connected to the port of the
intravenous device, the actuator compresses the absorbent material causing the antimicrobial
solution to flow through the lumen of the distal end of the actuator and into a lumen of the
port.

14.  The cap of claim 13, wherein the proximal end of the actuator is sized such

that a gap exists between an outer edge of the proximal end of the actuator and a wall of the
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cavity, the antimicrobial solution also flowing through the gap onto an exterior surface of the
port.

15. The cap of claim 14, wherein the actuator includes a plurality of prongs which
extend through corresponding openings in the body, the antimicrobial solution flowing
through the openings onto the exterior surface of the port.

16. The cap of any one of claims 13 to 15, wherein, when in the proximal position,
the proximal end of the actuator forms a seal with an inner surface of the cavity.

17. The cap of any one of claims 13 to 16, wherein the distal end of the actuator
comprises a male luer.

18. A cap for a needleless connector of an intravenous device, the cap comprising:

a body having a proximal end and a distal end, the body including a cavity formed in
the distal end of the body;

an absorbent material positioned within the cavity, the absorbent material containing
an antimicrobial solution; and

an actuator having a proximal end and a distal end, the proximal end of the actuator
being contained within the cavity, the distal end of the actuator extending out from the cavity
and being configured to insert into the needleless connector, the proximal end of the actuator
being configured to move within the cavity between a distal position and a proximal position
such that upon the cap being connected to the needleless connector, the needleless connector
causes the proximal end of the actuator to compress the absorbent material thereby releasing
the antimicrobial solution onto an intraluminal surface of the needleless connector.

19. The cap of claim 18, wherein the distal end of the actuator comprises a lumen,
the antimicrobial solution flowing through the lumen of the distal end of the actuator and
onto the intraluminal surface of the needleless connector.

20. The cap of claim 19, wherein the antimicrobial solution also flows around an
exterior surface of the proximal end of the actuator and onto an exterior surface of the

needleless connector.
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