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ANTIMICROBIAL INSERTS FOR MEDICAL DEVICES

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to inserts for medical devices that are
configured to elute an antimicrobial agent. The inserts of the present invention can be
particularly beneficial when used within one or more components of an infusion system.
[0002] Catheters are commonly used for a variety of infusion therapies. For example,
catheters are used for infusing fluids, such as normal saline solution, various medicaments,
and total parenteral nutrition into a patient, withdrawing blood from a patient, as well as
monitoring various parameters of the patient's vascular system.

[0003] Catheter-related bloodstream infections are caused by the colonization of
microorganisms in patients with intravascular catheters and I.V. access devices. These
infections are an important cause of illness and excess medical costs. More importantly,
these infections often result in patient deaths.

[0004] Many techniques have been employed to reduce the risk of infection from a
catheter or other intravenous device. For example, catheters have been designed that employ
an antimicrobial lubricant or an antimicrobial coating on an inner or outer surface of the
catheter. Similarly, antimicrobial lubricants or coatings have been applied to the surfaces of
other components of a catheter assembly, components attached to the catheter assembly, or
other medical devices which may come in direct contact with the patient’s vasculature or in
contact with a fluid that may enter the patient’s vasculature. Further, some devices or
components are made of a material that is impregnated with an antimicrobial agent.

[0005] Although these techniques have been beneficial, there are various drawbacks that
limit their usefulness. For example, it can be difficult and/or expensive to apply an
antimicrobial coating or lubricant to the complex internal and external geometries of many
devices or components. Also, some devices or components are preferably made of a material
that is not suitable for the application of an antimicrobial coating or that cannot be
impregnated with an antimicrobial agent. Because of such difficulties, the current techniques
for providing antimicrobial protection are oftentimes not used or, if used, are not adequately
applied to provide maximum antimicrobial protection.

BRIEF SUMMARY OF THE INVENTION

[0006] The present invention extends to inserts for medical devices. The inserts are
manufactured of a material that includes an antimicrobial agent and that has elution

characteristics so that the antimicrobial agent is eluted from the material at a desired rate to
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provide antimicrobial protection to a medical device in which the insert is contained. An
insert can be formed with a desired geometry to allow the insert to be compression fit within
a medical device to prevent the insert from moving or becoming dislodged once inserted into
the medical device. The material may also be hygroscopic so that the insert swells when
subject to a fluid thereby enhancing the compression fit of the device within the medical
device. In some cases, the material can be reinforced using an internal structure and/or an
adhesive.

[0007] The inserts of the present invention can be used within a variety of medical
devices to provide a desired level of antimicrobial protection to the medical devices. An
insert can be designed to have a surface area that is sufficient for the volume of the location
in which the insert is contained so that a sufficient amount of antimicrobial agent is eluted to
disinfect the fluid within the area within a desired amount of time. Examples of medical
devices or components in which the inserts of the present invention can be used include ports,
stop cocks, male luers, female luers, IV sets, needleless connectors, respirators, catheters,
devices for fluid infusion to the body or aspiration from the body, surgical instruments etc.
[0008] The inserts of the present invention can be manufactured in various ways. For
example, the inserts can be formed in a desired geometry by casting, thermoforming, or
extrusion. In some cases, the inserts can be formed using a peel-away sleeve. The peel-away
sleeves can be formed of a non-sticky material which facilitates removal of the inserts once
the inserts have cured.

[0009] In one embodiment, the present invention is implemented as an inset for a medical
device. The insert comprises a base material having elution characteristics, and an
antimicrobial agent contained within the base material so that the antimicrobial agent is
eluted from the base material when the base material is exposed to or comes in contact with a
fluid.

[0010] In some embodiments, the base material comprises a hygroscopic material that
swells upon absorbing a fluid.

[0011] In some embodiments, the insert is bonded to a surface of the medical device
using a curable adhesive

[0012] In some embodiments, the insert is mechanically fastened to the medical device
using features such as threads, snap-fits etc.

[0013] In some embodiments, the insert is made of a hydrophilic material to facilitate
elution of a water soluble antimicrobial agent where the base material comprises a

hydrophilic polymer such as urethane acrylate or a polyurethane polymer.
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[0014] In some embodiments, the antimicrobial agent comprises between 0.1% and 40%
w/w of the insert.

[0015] In some embodiments, the insert is formed by curing the base material containing
the antimicrobial agent in a desired form. In some embodiments, the form comprises a tube
shape or a rod shape. In some embodiments, the tube shape has an outer diameter that is
equal to or larger than an inner diameter of a lumen of a medical device within which the
insert will be placed.

[0016] In some embodiments, the insert is placed within a catheter adapter having a
septum, wherein the insert secures the septum in place.

[0017] In some embodiments, the insert is formed within a peel-away sleeve. In some
embodiments, the peel-away sleeve comprises one of: polyolefin; fluoropolymer; polyvinyl
chloride; or ethylene vinyl acetate. In some embodiments, the insert is formed within a mold
that is lined with one or more peel-away sheets.

[0018] In some embodiments, the insert comprises a reinforcing substructure contained
within the base material.

[0019] In another embodiment, the present invention is implemented as a medical device
comprising an insert that elutes an antimicrobial agent. The insert comprises a base material
having elution characteristics, and an antimicrobial agent contained within the base material
so that the antimicrobial agent is eluted from the base material when the base material is
exposed to a fluid.

[0020] In some embodiments, the insert comprises a lumen through which fluid passes
within the medical device.

[0021] In some embodiments, the insert attaches to and extends from a first medical
device such that the insert is configured to contact and/or be inserted within a second medical
device when the two medical devices are connected. As such, the eluted antimicrobial agent
from the insert provides antimicrobial protection to both of the medical devices.

[0022] In another embodiment, the present invention is implemented as a method for
forming an insert for a medical device. A base material having elution characteristics is
combined with an antimicrobial agent to form a base material matrix. The base material
matrix is then formed into an insert that is sized and shaped to be inserted and contained
within a medical device.

[0023] In some embodiments, the base material matrix is formed into the insert using UV

curing, heat curing, or heat forming.
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[0024] In some embodiments, the insert contains materials that at least partially dissolve
into the fluid resulting in partial or even complete dissolution of the insert upon use

[0025] In some embodiments, they insert comprises a matrix, such as a cross-linked
polymer or a ceramic, that does not dissolve in to the fluid while the antimicrobial agent
contained within the matrix at least partially dissolves.

[0026] In some embodiments, forming the base material matrix into the insert comprises
placing the base material matrix within a peel-away material.

[0027] In some embodiments, the method includes placing the insert within the medical
device such that the insert is exposed to a fluid to cause the antimicrobial agent to elute from
the insert into the fluid.

[0028] In some embodiments, the insert may serve a mechanical function such as a
support feature for other components of the medical device or a fluid conduit or a mating
feature to another device or component.

[0029] 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.

[0030] 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

[0031] 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
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:

[0032] Figures 1A-1H each illustrate an insert in accordance with one or more
embodiments of the invention. Figures 1A and 1B illustrate perspective views of inserts

having tube shapes. Figure 1C illustrates a top view of an insert having a tube shape with an
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irregular internal surface. Figure 1D illustrates a cross-sectional view of a tube-shaped insert
that includes an expanded opening on one end. Figures 1E and 1F illustrate inserts that
include a reinforcing substructure. Figures 1G and 1H illustrate inserts that have a rod shape.
[0033] Figures 2A-2E illustrate examples of medical devices in which inserts configured
in accordance with one or more embodiments of the invention can be placed. Figures 2A-2C
illustrate a catheter adapter that includes one or more inserts in various positions. Figure 2D
illustrates a ported intravenous catheter that includes inserts. Figure 2E illustrates a cap that
includes a rod-shaped insert.

[0034] Figures 3A and 3B illustrate how an insert can be used to retain a septum in place
within a catheter adapter. Figure 3A illustrates a prior art catheter adapter that employs a
bump formed in the internal wall of the catheter adapter to hold the septum in place. Figure
3B illustrates how an insert can be used in place of a bump to retain the septum.

[0035] Figures 4A-4C illustrate how an insert can be formed using a peel-away sleeve.
Figure 4A illustrates a peel-away sleeve prior to the sleeve being filled with a base material
matrix. Figure 4B illustrates the peel-away sleeve after the sleeve has been filled with the
base material matrix. Figure 4C illustrates the peel-away sleeve being peeled off of the insert
after the base material matrix has been cured to form the insert.

[0036] Figure SA illustrates a top view of a peel-away sleeve having an irregular internal
surface. Figure 5B illustrates a top view of an insert that can be formed using the peel-away
sleeve of Figure SA.

[0037] Figure 5C illustrates a cross-sectional view of a mold that is lined with a peel-
away material. Figure 5D illustrates a cross-sectional view of an insert that can be formed
using the mold of Figure 5C.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The present invention extends to inserts for medical devices. The inserts are
manufactured of a material that includes an antimicrobial agent and that has elution
characteristics so that the antimicrobial agent is eluted from the material at a desired rate to
provide antimicrobial protection to a medical device in which the insert is contained. An
insert can be formed with a desired geometry to allow the insert to be compression fit within
a medical device to prevent the insert from moving or becoming dislodged once inserted into
the medical device. The material may also be hygroscopic so that the insert swells when
subject to a fluid thereby enhancing the compression fit of the device within the medical
device. In some cases, the material can be reinforced using an internal structure and/or an

adhesive.
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[0039] The inserts of the present invention can be used within a variety of medical
devices to provide a desired level of antimicrobial protection to the medical devices. An
insert can be designed to have a surface area that is sufficient for the volume of the location
in which the insert is contained so that a sufficient amount of antimicrobial agent is eluted to
disinfect the fluid within the area within a desired amount of time. Examples of medical
devices or components in which the inserts of the present invention can be used include ports,
stop cocks, male luers, female luers, IV sets, needleless connectors, respirators, catheters,
devices for fluid infusion to the body or aspiration from the body, surgical instruments etc.
[0040] The inserts of the present invention can be manufactured in various ways. For
example, the inserts can be formed in a desired geometry by casting, thermoforming, or
extrusion. In some cases, the inserts can be formed using a peel-away sleeve. The peel-away
sleeves can be formed of a non-sticky material which facilitates removal of the inserts once
the inserts have cured.

[0041] In one embodiment, the present invention is implemented as an inset for a medical
device. The insert comprises a base material having elution characteristics, and an
antimicrobial agent contained within the base material so that the antimicrobial agent is
eluted from the base material when the base material is exposed to or comes in contact with a
fluid.

[0042] In some embodiments, the base material comprises a hygroscopic material that
swells upon absorbing a fluid.

[0043] In some embodiments, the insert is bonded to a surface of the medical device
using a curable adhesive

[0044] In some embodiments, the insert is mechanically fastened to the medical device
using features such as threads, snap-fits etc.

[0045] In some embodiments, the insert is made of a hydrophilic material to facilitate
elution of a water soluble antimicrobial agent where the base material comprises a
hydrophilic polymer such as urethane acrylate or a polyurethane polymer.

[0046] In some embodiments, the antimicrobial agent comprises between 0.1% and 40%
w/w of the insert.

[0047] In some embodiments, the insert is formed by curing the base material containing
the antimicrobial agent in a desired form. In some embodiments, the form comprises a tube
shape or a rod shape. In some embodiments, the tube shape has an outer diameter that is
equal to or larger than an inner diameter of a lumen of a medical device within which the

insert will be placed.
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[0048] In some embodiments, the insert is placed within a catheter adapter having a
septum, wherein the insert secures the septum in place.

[0049] In some embodiments, the insert is formed within a peel-away sleeve. In some
embodiments, the peel-away sleeve comprises one of: polyolefin; fluoropolymer; polyvinyl
chloride; or ethylene vinyl acetate. In some embodiments, the insert is formed within a mold
that is lined with one or more peel-away sheets.

[0050] In some embodiments, the insert comprises a reinforcing substructure contained
within the base material.

[0051] In another embodiment, the present invention is implemented as a medical device
comprising an insert that elutes an antimicrobial agent. The insert comprises a base material
having elution characteristics, and an antimicrobial agent contained within the base material
so that the antimicrobial agent is eluted from the base material when the base material is
exposed to a fluid.

[0052] In some embodiments, the insert comprises a lumen through which fluid passes
within the medical device.

[0053] In some embodiments, the insert attaches to and extends from a first medical
device such that the insert is configured to contact and/or be inserted within a second medical
device when the two medical devices are connected. As such, the eluted antimicrobial agent
from the insert provides antimicrobial protection to both of the medical devices.

[0054] In another embodiment, the present invention is implemented as a method for
forming an insert for a medical device. A base material having elution characteristics is
combined with an antimicrobial agent to form a base material matrix. The base material
matrix is then formed into an insert that is sized and shaped to be inserted and contained
within a medical device.

[0055] In some embodiments, the base material matrix is formed into the insert using UV
curing, heat curing, or heat forming.

[0056] In some embodiments, the insert contains materials that at least partially dissolve
into the fluid resulting in partial or even complete dissolution of the insert upon use

[0057] In some embodiments, they insert comprises a matrix, such as a cross-linked
polymer or a ceramic, that does not dissolve in to the fluid while the antimicrobial agent
contained within the matrix at least partially dissolves.

[0058] In some embodiments, forming the base material matrix into the insert comprises

placing the base material matrix within a peel-away material.
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[0059] In some embodiments, the method includes placing the insert within the medical
device such that the insert is exposed to a fluid to cause the antimicrobial agent to elute from
the insert into the fluid.

[0060] In some embodiments, the insert may serve a mechanical function such as a
support feature for other components of the medical device or a fluid conduit or a mating
feature to another device or component.

[0061] Antimicrobial inserts in accordance with one or more embodiments of the
invention can be comprised of a base material matrix and one or more antimicrobial agents.
In some embodiments, the base material matrix can be a UV curable, hydrophilic material
that contains an antimicrobial agent with controlled release (elution) characteristics.
Alternatively, a base material can be coated with an antimicrobial coating from which an
antimicrobial agent will elute when subject to a fluid. Examples of materials that could be
used to form the antimicrobial inserts of the present invention includes those disclosed in
U.S. Patent No.: 8,512,294 titled Vascular Access Device Antimicrobial Materials And
Solutions; U.S. Patent Application No.: 12/397,760 titled Antimicrobial Compositions; U.S.
Patent Application No.: 12/476,997 titled Antimicrobial Coating Compositions; U.S. Patent
Application No.: 12/490,235 titled Systems And Methods For Applying An Antimicrobial
Coating To A Medical Device; and U.S. Patent Application No.: 12/831,880 titled
Antimicrobial Coating For Dermally Invasive Devices. Each of these patent documents is
incorporated herein by reference.

[0062] In one particular embodiment, the antimicrobial agent used to form an insert can
be chlorhexidine including chlorhexidine diacetate (CHA) and chlorhexidine gluconate
(CHG). However, any other antimicrobial agent that will elute from a base material or from a
coating on a base material could be used.

[0063] Inserts may be formed using any suitable technique including in-mold curing, UV
cured profile extrusion, cutting, sheet stamping, etc. A primary benefit of employing inserts
to provide antimicrobial protection within medical devices is that the inserts can be formed in
a separate process from the process used to form the medical devices. For example, unlike
prior art approaches which apply an antimicrobial coating within the lumen of a catheter
adapter or other medical device, the inserts of the present invention can be formed
independently from the catheter adapter or other medical device and then inserted. In this
way, the inserts can be manufactured much more easily and inexpensively when compared to

prior art approaches.
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[0064] Similarly, because the inserts are independent of the medical device in which the
inserts will be used, antimicrobial protection can be more easily provided in a greater variety
of devices. For example, some devices are made of a material that is not suited for
antimicrobial coatings (e.g. an antimicrobial coating may not stick to the material). The
inserts of the present invention, however, can be used within a medical device made of
virtually any material to provide antimicrobial protection within the medical device.

[0065] In some embodiments, the base material used for an insert can be hygroscopic so
that the base material will swell once contacted by a fluid, such as saline or blood. The
swelling of the insert can increase the compression fit within the medical device to prevent
the insert from moving or becoming dislodged during use. In this way, the use of inserts is
further facilitated because no additional structure or securing mechanism (e.g. an adhesive or
structural feature) may be required to retain the insert at the desired position within the
medical device. As a result, medical devices can be provided with antimicrobial protection
with greater ease and at a reduced cost. Of course, the inserts of the present invention could
be used with a securing structure or mechanism if desired.

[0066] In some embodiments, the inserts can be partially cured prior to insertion in a
medical device and then fully cured once within the medical device. In other embodiments,
the inserts can be fully cured prior to being inserted.

[0067] In some embodiments, it may be desirable to increase the strength or rigidity of an
insert. In such cases, the insert can include a reinforcing substructure that is contained within
the base material. Examples of suitable reinforcing substructures include metals, plastics,
fibers, etc. For example, when an insert is formed as a tube, a tube-shaped reinforcing
structure can be contained within the base material.

[0068] The shape and size of an insert can be configured so that the rate of elution of the
antimicrobial agent is sufficient to provide a desired level of antimicrobial protection. The
rate of elution of the antimicrobial agent is dependent on the surface area of the insert that is
exposed to the fluid. Accordingly, various shapes and sizes of inserts can be employed to
obtain the necessary surface area to provide the desired amount of antimicrobial protection.
In some embodiments, the ratio of the insert’s exposed surface area to fluid volume (i.e. the
volume of fluid to be treated by the antimicrobial agent within the insert) is between 0.1
cm’/ml and 50 cm?/ml.

[0069] In some embodiments, an insert may be contained within or separated from the
fluid volume by a hydrophilic filter membrane. A hydrophilic filter membrane can be used to

further control the elution characteristics of the base material (e.g. by controlling the flow of
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fluid along the surface area of the insert) and can also prevent any particles that break off
from the insert from passing into the fluid stream. An example of a material suitable for use
as a hydrophilic filter includes polyethersulfone (PES).

[0070] Any material having elution characteristics can be employed as the base material
of an insert. Examples of suitable materials include UV cured acrylate-urethanes and heat-
cured polymers which soften in water, such as hygroscopic polyurethanes. These materials
can be preferred over materials that do not soften in water because they enhance the
compression fit of the inserts when they are wet.

[0071] The amount of antimicrobial agent used within the matrix can be varied to provide
a desired mechanical property or elution characteristic. For example, in some instances a
matrix is provided which comprises solid antimicrobial agent particles in an amount
representing approximately 0.1-40% w/w of the matrix. These particles may range in size
from 100 nm (fine powder) to 0.15 mm (salt-sized crystals). Additional additives may also
be used to attain a particular characteristic. These additional additives include: multiple
antimicrobial agents to widen the spectrum of microbes that will be effected; viscosity
modifiers such as silica; color modifiers such as dyes or titanium dioxide; strength or stiffness
modifiers such as glass fibers, ceramic particles such as zirconia, or metallic fibers;
radiopacity modifiers such as barium sulfate; and magnetic susceptibility enhancers such as
gadolinium chelates.

[0072] Inserts in accordance with the present invention can be formed in various shapes
and sizes and can be used in various types of medical devices and for various functions.
Examples of the different types of inserts that are encompassed within the present invention
are provided in the figures and will be described below.

[0073] Referring to Figures 1A-1H, antimicrobial inserts according to embodiments of
the invention can be formed in various shapes and sizes as necessary for use in a particular
medical device. For example, Figures 1A and 1B illustrate examples of tube-shaped inserts
101 and 102 respectively. Inserts 101 and 102 can be formed to have an outer diameter that
is approximately the same as or slightly larger than the inside diameter of a lumen of a
medical device. In this way, inserts 101 and 102 can be compression fit within the lumen of
the medical device to impart antimicrobial protection within the lumen.

[0074] In some embodiments, inserts 101 and 102 can be designed only to form a channel
through which a fluid within the lumen of the medical device flows. As the fluid contacts
and flows through inserts 101 and 102, an antimicrobial agent contained within the material

of the inserts 101 and 102 is eluted into the fluid thereby killing any microbes that may be
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present within the fluid. In such cases, the inner diameter of inserts 101 and 102 can be
configured so as to not significantly restrict fluid flow through the lumen or to provide a
desired flow characteristic through the lumen.

[0075] In other embodiments, the inner diameters of inserts 101 and 102 are configured
to conform to the outer diameter of another device which is inserted into the lumens of inserts
101 and 102. In such cases, inserts 101 and 102 are placed so that the inserted device
contacts the antimicrobial agent contained within the material of inserts 101 and 102 thereby
killing any microbes which may be present on the outer surfaces of the inserted device.

[0076] In some embodiments, the inner surface of a tube-shaped insert can have a varying
or irregular diameter to increase the surface area that is exposed to a fluid. Figure 1C
illustrates an example of a tube-shaped insert 103 that has an inner surface with a varying
diameter. The ridges and channels formed within the inner surface effectively increase the
surface area of insert 103 that is exposed to a fluid.

[0077] In addition to tube-shaped inserts that have a generally circular opening, inserts
having other external and internal shapes can be formed. For example, some inserts can have
an internal opening or lumen that is in the shape of a plus sign, a star, a square, etc. Also,
some inserts can have an outer surface that has a triangular, square, or rectangular cross-
section. Accordingly, inserts can be formed in any desired shape and/or size to fit within an
intended medical device.

[0078] Figure 1D illustrates an example of an insert 104 having an expanded opening on
one end. The expanded opening can facilitate use of insert 104 with another device. For
example, insert 104 could be placed within the lumen of a port or a female luer so that, when
another device (e.g. a male luer) is inserted into the port or female luer, the other device may
insert into the expanded opening.

[0079] Figures 1E and 1F illustrate examples of inserts 105 and 106 that include a
reinforcing substructure 120. The reinforcing substructure 120 can extend the full length of
the insert as is shown in Figure 1E or only along a portion of the length as is shown in Figure
IF. In the examples shown in Figures 1E and 1F, the reinforcing substructure 120 comprises
a tube shape to conform to the tube shape of inserts 105 and 106. However, a reinforcing
substructure can have other shapes that do not conform to the shape of the insert as long as
the reinforcing substructure can be contained within the material of the insert. Also, in some
embodiments, more than one reinforcing substructure can be employed within an insert. For

example, two or more rings of reinforcing substructure could be employed within a tube-
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shaped insert. In some embodiments, the reinforcing substructure can be comprised of fibers
that are mixed with the base material to form a reinforced composite base material.

[0080] With reference again to inserts 105 and 106, reinforcing material 120 can serve to
enhance the compression fit of inserts 105 and 106 within the lumen of a medical device. For
example, reinforcing material 120, which is in the shape of a tube, can have an outer diameter
that is slightly less than the inside diameter of the lumen in which the insert will be placed.
Accordingly, once the inserts are inserted into the lumen, the inside wall of the lumen and the
outside surface of the reinforcing material will compress the base material of the inserts to
securely hold the inserts in place.

[0081] Figures 1G and 1H illustrate additional examples of inserts 107 and 108. In
contrast to inserts 101-106, inserts 107 and 108 are formed in a rod shape. Such rod-shaped
inserts can be used in various ways including within a cap or device that is inserted into the
lumen of another device. As described above, reinforcing material can be used to increase
the rigidity of inserts 107 and 108 and to prevent inserts 107 and 108 from breaking.
Although not shown, rod-shaped inserts can be formed that have non-circular cross-sections.
For example, the cross-sectional shape of a rod can be star-shaped to increase the surface area
of the insert.

[0082] Figures 2A-2E illustrate examples of various devices in which inserts can be used
to provide antimicrobial protection within the devices. Figures 2A-2C illustrate various
locations within a catheter adapter 200 where an insert may be placed. In Figures 2A and 2B,
a single insert 201 and 202 respectively is placed within the lumen of catheter adapter 200.
In Figure 2C, two inserts 203 and 204 are placed within the lumen of catheter adapter 200.
As shown, inserts 201-204 have different shapes and sizes depending on the intended purpose
of the insert.

[0083] Figure 2D illustrates an example where a ported intravenous catheter (PIVC) 210
includes three inserts 211, 212, and 213. The size and shape of each insert 211, 212, and 213
can be designed to impart the desired antimicrobial protection to the location of the insert.
For example, insert 213 can be configured with a surface area and/or an elution rate so that an
adequate amount of antimicrobial agent is eluted into fluid being injected through the port of
the PIVC.

[0084] In each of the embodiments shown in Figures 2A-2D, the inserts can be
manufactured independently of the catheter adapters and then inserted into the catheter
adapters after manufacturing. Because inserts can be manufactured at minimal cost and can

be easily added to the catheter adapter by insertion, there is little additional cost for producing
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catheter adapters that provide antimicrobial protection. This is in contrast to the substantial
additional cost required to add an antimicrobial coating or lubricant on the inner surfaces of
catheter adapters as is the case with prior art approaches.

[0085] Figure 2E illustrates an example where a cap 220 includes a rod-shaped insert
221. Cap 220 may be configured to attach to a port, female luer, or other opening of a
medical device. In such cases, insert 221 can be configured to insert into the port, female
luer, or other opening where the insert will be exposed to fluid. The elution of an
antimicrobial agent from insert 221 can provide antimicrobial protection to the port, female
luer, or other opening of the device. Because insert 221 can be manufactured independently
of cap 220, caps which provide antimicrobial protection can be manufactured more easily and
cheaply than with current techniques.

[0086] In some embodiments, the inserts of the present invention can perform functions
in addition to providing antimicrobial protection. Figures 3A and 3B illustrate one example
of how an insert can perform additional functions. Figure 3A illustrates a common prior art
catheter adapter 300 that employs a septum 301 for controlling the flow of blood within the
catheter adapter. Septum 301 is designed to form a seal around an introducer needle that
passes through the septum and to remain sealed when the introducer needle is removed from
the catheter adapter and until another device is inserted through the septum.

[0087] To ensure that septum 301 remains in place while the introducer needle is
withdrawn and when other devices are inserted through the septum, the inner surface of
catheter adapter 300 includes a bump 302. Although bump 302 is effective in retaining
septum 301 in place, the use of bump 302 can increase the cost of manufacturing catheter
adapter 300 or may make it difficult to apply an antimicrobial coating within catheter adapter
300.

[0088] As shown in Figure 3B, bump 302 can be replaced by an insert 311 which holds
septum 301 in place. In other words, by placing insert 311 adjacent to septum 301, insert 311
can hold septum 301 in place. As a result, catheter adapter 310 can be designed without
bump 302. Additionally, as described above, insert 311 can provide antimicrobial protection
within the lumen of catheter adapter 310.

[0089] As described above, insert 311 can be configured to form a tight compression fit
within catheter adapter 310. This compression fit can be enhanced in some embodiments by
employing a hygroscopic base material so that insert 311 will swell when subject to a fluid.
Similarly, one or more reinforcing substructures can be employed as desired to give insert

311 the necessary strength or structural rigidity to hold septum 301 in place.
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[0090] Alternatively, insert 311 can be comprised of a material that may not include
elution characteristics (i.e. that does not elute an antimicrobial agent). In such cases, an
antimicrobial coating can be applied to insert 311 to provide the desired antimicrobial
protection within the lumen of catheter adapter 310. In such embodiments, insert 311 can
provide the benefit of allowing a material suitable for a particular antimicrobial coating to be
used to hold septum 301 in place. Examples of suitable materials include polycarbonate and
co-polyester. In contrast, in prior art catheter adapter designs, the material (of which bump
302 was made) typically was not ideal for the application of an antimicrobial coating. By
employing insert 311, catheter adapter 310 can be made of any desired material (whether or
not the material is suitable for the application of an antimicrobial coating) because the
antimicrobial protection is provided by insert 311.

[0091] Whether insert 311 is comprised of a material that elutes an antimicrobial agent or
that is coated with an antimicrobial agent, the insert provides both functions of securing
septum 301 in place and disinfecting the lumen of catheter adapter 310. In this way, the
manufacture of catheter adapters that include antimicrobial protection can be facilitated.
[0092] The inserts of the present invention can be made in many different ways including
by pouring or injecting an unpolymerized formulation into an open mold for UV curing or
into an injection mold for heat curing. Also, some inserts can be formed using extrusion or
coextrusion over a substrate material. Similarly, some inserts can be formed using
thermoplastics such as polyurethane which may be shaped using heat stamping.

[0093] One particular example of how inserts can be formed is shown in Figures 4A-4C.
These figures illustrate the use of a peel-away sleeve as a mold for forming inserts having a
rod shape. Figure 4A illustrates a peel-away sleeve 400 prior to being filled with an
uncured base matrix. Peel-away sleeve 400 can be made of a material that has a low peel
strength so that, once the matrix has been cured, the sleeve can be easily peeled away. The
low peel strength of the sleeves ensures that the inserts will have a smooth exterior surface.
The use of sleeves also minimizes the occurrence of flash on the inserts.

[0094] For example, for inserts that are made of an acrylate-based or a cyanoacrylate-
based material, the sleeve can be made of polyolefin, fluoropolymer, polyvinyl chloride, or
ethylene vinyl acetate. Examples of suitable polyolefin include polyethylene (low density,
liner low density, high density, ultra-high molecular weight polyethylene, and derivatives
thereof) and polypropylene (polypropylene homopolymer, polypropylene copolymer, and

derivatives thereof). Examples of suitable fluoropolymer include polytetrafluoroethylene,
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fluorinated ethylene-propylene, polyvinylidene fluoride, polyethylenetetrafluoroethylene, and
derivatives thereof.

[0095] Sleeve 400 can be formed in any suitable manner including by extrusion, molding,
of thermoforming. Once formed, sleeve 400 can be filled with the base matrix 401 (e.g. CHA
or CHG mixed in acrylate adhesive) as is shown in Figure 4B. The base matrix is then cured
using, for example, UV light, LED light, heat, etc. The sleeve 400 is then easily peeled away
from the cured matrix 401 as shown in Figure 4C leaving the insert material which may be
cut to size as necessary.

[0096] Sleeves of various shapes and sizes can be used to form a tube of a desired shape
or size. For example, Figure 5A illustrates a sleeve 500 with a varied internal diameter that
can be used to form an insert 501 having a cross-sectional shape of increased surface area.
[0097] In some embodiments, rather than filling the sleeve with the base matrix (i.e.
rather than using the sleeve as the mold), a sheet made of a similar material as sleeve 400 can
be used as a liner of a cast or molding tool. For example, Figures 5C and 5D illustrate a
cross-sectional view of peel-away sheets 510 and 511 that are used as liners for a mold 520.
A base matrix can be poured into mold 520 between sheets 510 and 511 and then cured.
Once cured, the cured matrix contained within the sheets 510 and 511 can be removed from
mold 520. Sheets 510 and 511 can then be easily peeled from the cured matrix leaving an
insert 530 as shown in Figure 5D. Insert 530 is an example of an insert that can be placed
within a port to provide antimicrobial protection to fluid contained within the port. Similarly
techniques can be employed to form a tube-shaped insert such as those shown in Figures 1A-
IF or inserts of other shapes.

[0098] 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
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. An insert for a medical device, the insert comprising:
a base material having elution characteristics; and
an antimicrobial agent contained within the base material so that the
antimicrobial agent is eluted from the base material when the base material is
contacted by a fluid,

wherein the insert is formed by curing the base material containing the

antimicrobial agent in a desired form, said form being a tube shape.

2. The insert of claim 1, wherein the base material comprises a
hygroscopic material that swells upon absorbing a fiuid, or
wherein the base material comprises a hydrophilic urethane-acrylate or

a polyurethane polymer.

3. The insert of claim 1, wherein the antimicrobial agent comprises
between 0.1% and 40% w/w of the insert.

4. The insert of claim 1, wherein the tube shape has an outer diameter
that is equal to or larger than an inner diameter of a lumen of a medical
device within which the insert will be placed, preferably

wherein the insert is placed within a catheter adapter having a septum

so that the insert secures the septum in place.

5. The insert of claim 1, wherein the insert is secured within the medical
device by at least one of an adhesive and a mechanical fastener or interface.

6. A peel-away sleeve comprising the insert of claim 1, wherein the insert

is formed within said peel-away sleeve, preferably
wherein the peel-away sleeve comprises one of:
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polyolefin;
fluoropolymer;
polyvinyl chloride; or
ethylene vinyl acetate.

7. A mold comprising the insert of claim 1, wherein the insert is formed
within said mold and said mold is lined with one or more peel-away sheets.

8. The insert of claim 1, further comprising:
a reinforcing substructure contained within the base material,

9. A medical device comprising the insert according to claim 1, the medical
device further comprising:

a catheter adapter; and

a septum disposed within said catheter adapter;

wherein the insert is disposed adjacent the septum to secure the septum.

10. The medical device of claim 9, wherein the insert comprises a lumen
through which fluid passes within the medical device, or

wherein the insert attaches to and extends from the medical device
such that the insert elutes the antimicrobial agent when the medical device is
attached to another medical device.

11. A method for forming an insert for a medical device, the method
comprising:

combining a base material having elution characteristics with an
antimicrobial agent to form a base material matrix; and

forming the base material matrix into an insert that is sized and shaped
to be contained within a2 medica! device.

12.  The method of claim 11, wherein the base material matrix is formed
into the insert using one of: UV curing, heat curing, or heat forming, or
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wherein forming the base material matrix into the insert comprises

placing the base material matrix within a peel-away material.
13. The method of claim 11, further comprising:

placing the insert within the medical device such that the insert is exposed to
a fluid to cause the antimicrobial agent to elute from the insert into the fluid.
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