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WOUND PACKING DEVICE AND METHODS

This application is being filed as a PCT International Patent application on
October 16, 2013 in the name of SurModics, Inc., a U.S. national corporation, applicant
for the designation of all countries and Shawn Fuller, a U.S. Citizen; Bryan A. Claseman,
a U.S. Citizen; Joram Slager, a Citizen of the Netherlands; Jeffrey J. Missling, a U.S.
Citizen; Gary Maharaj, a U.S. Citizen; Gary W. Opperman, a U.S. Citizen; Nathan A.
Lockwood, a U.S. Citizen; Robert W. Hergenrother, a U.S. Citizen; and Charles Olson, a
U.S. Citizen, inventors for all designated states, and claim priority to U.S. Provisional
Patent Application No. 61/714,502, filed October 16, 2012, the content of which is herein

incorporated by reference in its entirety.

Field of the Invention

The present invention relates to wound packing devices and methods of making

and using the same.

Background of the Invention

Wound care is critical to ensure optimal healing of wounds and prevent infection.
Wound healing includes sequential phases of inflammation, proliferation, and
remodeling. Specific types of wounds require special care in order to reach optimal
results. By way of example, in the context of deep wounds, abscesses and/or infections
can occur deep in the wound bed if the outermost portion of the wound heals over too
quickly.

Materials used to treat wounds include creams, foams, gels, ointments, pads,
pastes, powders, or other materials. Some of these may include an antimicrobial that can

be released into the wound bed.

Summary of the Invention

Embodiments of the invention include wound packing devices and methods of

making and using the same. In an embodiment, the invention includes a wound packing
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device including a plurality of spacing elements capable of absorbing exudate. The
surface of the spacing elements can be configured to resist colonization by
microorganisms. The wound packing device can also include a connector connecting the
plurality of spacing elements to one another.

In an embodiment, the invention includes a wound packing device including a
plurality of spacing elements, wherein the surface of the spacing elements resist
colonization by microorganisms. The wound packing device can also include a
container, the plurality of spacing elements disposed within the container.

In an embodiment, the invention includes a method of making a wound packing
device. The method can include forming a plurality of spacing elements, the spacing
elements comprising a surface that resists colonization by microorganisms. The method
can further include mounting the plurality of spacing elements on a connector.

In an embodiment, the invention can include a wound packing kit. The kit can
include a plurality of spacing elements, the plurality of spacing elements configured to
absorb exudate. The spacing elements can include a surface that resists colonization by
microorganisms. The kit can further include a connector connecting the plurality of
spacing elements to one another; the connector comprising a fitting to allow for the
number of spacing elements connected to one another by the connector to be modified by
an end user.

In an embodiment, the invention can include a method of treating wounds. The
method can include dispensing a wound packing device from a sterile package. The
wound packing device can include a plurality of spacing elements, the spacing elements
comprising a surface that resists colonization by microorganisms, the plurality of spacing
elements configured to absorb exudate, and a connector connecting the plurality of
spacing elements to one another. The method can further include inserting the wound
packing device into a wound bed.

This summary is an overview of some of the teachings of the present application
and is not intended to be an exclusive or exhaustive treatment of the present subject
matter. Further details are found in the detailed description and appended claims. Other
aspects will be apparent to persons skilled in the art upon reading and understanding the

following detailed description and viewing the drawings that form a part thereof, each of
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which is not to be taken in a limiting sense. The scope of the present invention is defined

by the appended claims and their legal equivalents.

Brief Description of the Figures

The invention may be more completely understood in connection with the
following drawings, in which:

FIG. 1 is a schematic view of a wound packing device in accordance with various
embodiments of the invention.

FIG. 2 is a schematic view of a wound packing device in accordance with various
embodiments of the invention.

FIG. 3 is a schematic view of a wound packing device in accordance with various
embodiments of the invention.

FIG. 3A is a schematic view of a wound packing device in accordance with
various embodiments of the invention.

FIG. 4 is a schematic view of a wound packing device in accordance with various
embodiments of the invention.

FIG. 5 is a schematic view of a wound packing device in accordance with various
embodiments of the invention.

FIG. 6 is a schematic view of a wound packing device in accordance with various
embodiments of the invention.

FIG. 7 is a cross-sectional schematic view of a spacing element in accordance
with various embodiments herein.

FIG. 8 is a cross-sectional schematic view of a spacing element in accordance
with various embodiments herein.

FIG. 9 is a cross-sectional schematic view of a spacing element in accordance
with various embodiments herein.

FIG. 10 is a cross-sectional schematic view of a spacing element in accordance
with various embodiments herein.

FIG. 11 is a cross-sectional schematic view of a spacing element in accordance

with various embodiments herein.



10

15

20

25

30

WO 2014/062839 PCT/US2013/065297

FIG. 12 is a cross-sectional schematic view of a connector in accordance with
various embodiments herein.

FIG. 13 is a cross-sectional schematic view of a connector in accordance with
various embodiments herein.

FIG. 14 is a cross-sectional schematic view of a connector in accordance with
various embodiments herein.

FIG. 15 is a schematic view of a spacing element in accordance with various
embodiments herein.

FIG. 16 is a schematic view of a spacing element in accordance with various
embodiments herein.

FIG. 17 is a schematic view of a connector segment and a spacing element in
accordance with various embodiments herein.

FIG. 18 is a schematic view of connector segments and spacing elements attached
to one another in accordance with various embodiments herein.

FIG. 19 is a schematic view of a wound packing device in accordance with
various embodiments of the invention.

FIG. 20 is a schematic view of a plurality of spacing elements disposed within a
container in accordance with various embodiments of the invention.

FIG. 21 is a schematic view of a plurality of spacing elements disposed with a
packing material inside of a container in accordance with various embodiments of the
invention.

While the invention is susceptible to various modifications and alternative forms,
specifics thereof have been shown by way of example and drawings, and will be
described in detail. It should be understood, however, that the invention is not limited to
the particular embodiments described. On the contrary, the intention is to cover
modifications, equivalents, and alternatives falling within the spirit and scope of the

invention.

Detailed Description of the Invention

The embodiments of the present invention described herein are not intended to be

exhaustive or to limit the invention to the precise forms disclosed in the following
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detailed description. Rather, the embodiments are chosen and described so that others
skilled in the art can appreciate and understand the principles and practices of the present
invention.

All publications and patents mentioned herein are hereby incorporated by
reference. The publications and patents disclosed herein are provided solely for their
disclosure. Nothing herein is to be construed as an admission that the inventors are not
entitled to antedate any publication and/or patent, including any publication and/or patent
cited herein.

Embodiments of the invention include wound packing devices that are effective
for wound care management. In particular embodiments herein include a wound packing
device including a plurality of spacing elements capable of absorbing exudate. Further,
the surface of the spacing elements resist colonization by microorganisms. The wound
packing device also includes a connector in some embodiments that serves to connect the
plurality of spacing elements to one another.

The terms “absorbent” or “absorbing” materials as used herein includes materials
that are capable of adsorbent, adsorbing, retention or retaining of a fluid.

Referring now to FIG. 1, a schematic view of a wound packing device 100 is
shown in accordance with various embodiments of the invention. The wound packing
device 100 includes a plurality of spacing elements 102 and a connector 104 connecting
the plurality of spacing elements 102 to one another. In some embodiments, the wound
packing device 100 can include from about 4 to 50 spacing elements 102. However, it
will be appreciated that other numbers of spacing elements 102 can be included in other
embodiments. The spacing elements 102 can be of various shapes and sizes. In some
embodiments, the surface of the spacing elements 102 can be substantially smooth. In
other embodiments, the surface of the spacing elements 102 can be textured. In some
embodiments the surface of the spacing elements 102 can include grooves. The spacing
elements 102 can be sized such that their major dimension is from about 0.5 mm to about
25 mm. For example, in some embodiments the major diameter of the spacing elements
102 can be from about 0.5 mm to about 2.5 mm. In some embodiments, the surface of
the spacing elements 102 is deformable. In other embodiments, the surface of the

spacing elements 102 is substantially rigid.
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The distance 106 between adjacent spacing elements 102 along connector 104 in
some embodiments can be at least equal to the largest dimension of the spacing elements
102. In some embodiments, the distance 106 between adjacent spacing elements along
the connector is at least equal to the diameter of the spacing elements 102. In various
embodiments, the distance 106 between adjacent spacing elements can be greater than 0.5
mm, 1.0 mm, 2.0 mm, 3.0 mm, 4.0 mm, 5.0 mm, 10 mm, 15 mm, 20 mm, or in some
cases even greater than 25 mm. In yet other embodiments, distances 106 between
spacing elements 102 can vary along the total length of the wound packing device 100.
That is, the connectors 104 can be of various sizes along a single wound packing device
100. In some embodiments the connector has a diameter of about 0.1 mm to about 2 mm.
In some embodiments the connector has a length of about 5 cm to about 200 cm.

The surface of the spacing elements and/or the connector can be configured to
resist colonization by microorganisms. In some embodiments, the surface of the spacing
elements and/or connector can have antimicrobial activity. In some embodiments, the
surface of the spacing elements and/or connector can include silver ions or graphene. In
some embodiments, the surface of the spacing elements and/or connector can include
quaternary amines. In some embodiments, the surface of the spacing elements and/or
connector can include tobramycin.

In certain embodiments, the surface of the spacing elements and/or connector can
include aminoglycoside antibiotics, such as tobramycin, vancomycin, amikacin,
gentamicin, kanamycin, neomycin, netilmicin, paromomycin, streptomycin, and
apramycin. Other active agents on or in the surface of the spacing elements can include,
for example, various modified aryls, and cationic steroidal antibiotics.

Additional suitable active agents on or in the surface include, for example,
antimicrobial peptides such as those taught in U.S. Patent Nos. 5,714,577 (Antimicrobial
peptides); 5,945,507 (Antimicrobial peptides); 6,835,713 (Virus derived antimicrobial
peptides); and 6,887,847 (Virus derived antimicrobial peptides), all of which are
incorporated by reference in their entirety.

In some embodiments the spacing element comprises a polymer selected from the

group consisting of polyamide, poly(methyl methacrylate), poly(ether blocked amides)
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(PEBAX), polyurethane, silicone, nylon, fluoropolymers and combinations thereof. In
certain embodiments the spacing elements can be composed of a medical grade polymer.

The plurality of spacing elements 102 can be capable of absorbing exudate from a
wound bed. In some embodiments, each spacing element 102 can be capable of
absorbing an amount of exudate equal to at least the weight of the spacing element 102.
In some embodiments, each spacing element 102 can be capable of absorbing an amount
of exudate that is equal to a multiple of the weight of the spacing element 102. For
example, in some embodiments each spacing element 102 can be capable of absorbing an
amount of exudate that is equal to at least 2 times, 3 times, 4 times, or 5 times the weight
of the spacing element 102.

In some embodiments, the plurality of connectors 104 can also be capable of
absorbing exudate from a wound bed. In some embodiments, each connector 104 can be
capable of absorbing an amount of exudate equal to at least the weight of the connector
104. In some embodiments, each connector 104 can be capable of absorbing an amount
of exudate that is equal to a multiple of the weight of the connector 104. For example, in
some embodiments each connector 104 can be capable of absorbing an amount of
exudate that is equal to at least 2 times, 3 times, 4 times, or 5 times the weight of the
connector 104.

The connector 104 can be flexible. For example, the connector 104 can bend
freely in some embodiments so that the wound packing device 100 can assume a bunched
or compacted configuration. The wound packing device 100 is sufficiently flexible to be
bent into a U-shape. Referring now to FIG. 2, a schematic view of the wound packing
device 100 is shown with the connector 104 bent in several places such that the wound
packing device is curved and the spacing elements 102 are no longer in a straight line. In
some embodiments the spacing elements 102 cannot be in the same plane due to the
orientation of the bent connectors 104.

In some embodiments, the wound packing device can include a structural feature
in order to secure the wound packing device to something else, secure an end of the
wound packing device back onto itself or secure the wound packing device to another
wound packing device. By way of example, an end of the wound packing device can

include a loop of material that can be used to attach the wound packing device to
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something else, another wound packing device or back onto itself. Referring now to FIG.
3, a schematic view of a wound packing device 300 is shown in accordance with various
embodiments of the invention. The wound packing device 300 includes a plurality of
spacing elements 302 and a connector 304. The wound packing device 300 also includes
a loop 308 of material which can be used to affix the end of the wounding packing device
300 to something else. By way of example, a user can pass a suture through the loop 308
in order to secure the wound packing device 300 to something else. For example, suture
material can be passed through loop 308 to secure the wound packing device 300 for easy
removal from a wound. Alternatively, the loop 308 can be passed over the other end of
the wound packing device so that the two opposite ends of the wound packing device 300
are held adjacent to one another.

In yet other embodiments a first wound packing device can be attached to a
second wound packing device to extend the length of the wound packing device. The
attachment can be achieved using a spacing element coupling device. Referring now to
FIG. 3A, a schematic view of a wound packing device 350 is shown in accordance with
various embodiments of the invention. The wound packing device 350 includes spacing
elements 302 and connectors 304. The wound packing device 350 includes a spacing
element coupling device 352. By way of example, one end of the spacing element
coupling device 352 can be appropriately sized to slip over connector 304 and retain the
spacing element 302 on one end of a first wound packing device and the other
unoccupied end of the spacing element coupling device 352 can slip over the spacing
element 302 of a second wound packing device, resulting in an extended wound packing
device 350. The spacing element coupling device 352 can be similar in function to metal
light pull chain extenders used to extend light pull chains on household light pull
switches.

In some embodiments, the wound packing device can include a reservoir to retain
wound exudate. In some embodiments, the reservoir is an external structure separate
from other components of the wound packing device. In other embodiments, the
reservoir is a structure disposed within the spacing elements or the connector. Referring
now to FIG. 4, a schematic view of a wound packing device 400 is shown in accordance

with various embodiments of the invention. The wound packing device 400 includes a
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plurality of spacing elements 402 and a connector 404. The wound packing device 400
also includes a reservoir 410. The reservoir 410 can define an interior volume that can
retain exudate material. By way of example, in some embodiments the connector 404
can include a lumen or channel that can be in fluid communication with the reservoir 410,
and exudate can pass through the connector 404 into the reservoir 410.

The spacing elements can be disposed along the connector in series with one
another. In some embodiments, the spacing elements can be disposed along the
connector such that one or more spacing elements are disposed in parallel with one or
more other spacing elements. The connector can be one continuous piece or it can
include multiple segments or branches. Referring now to FIG. 5, a schematic view of a
wound packing device in accordance with various embodiments of the invention is
shown. The wound packing device 500 can include a plurality of spacing elements 502
and connectors 504. The connector 504 can include a first branch 512, a second branch
514, and a third branch 516, that intersect one another at a point 518 on the connector
504.

Wound packing devices herein can include one or more fittings to facilitate
attachment and/or removal of segments that include spacing elements so that the total
amount of spacing elements or the volume of spacing elements can be easily adjusted.
Referring now to FIG. 6, a wound packing device 600 is shown in accordance with
various embodiments of the invention. The wound packing device 600 can include a
plurality of spacing elements 602 and a connector 604. The connector 604 can include a
first branch 612, a second branch 614, and a third branch 616. The wound packing
device 600 can include fittings 620. Manipulation of the fittings 620 can allow the
branches to be easily removed, or reattached after being removed. The fittings 620 can
take on various forms. In some embodiments the fittings 620 can include a pair of
threaded elements that fit together. In some embodiments, the fittings 620 can include a
compression tube fitting (e.g. SWAGELOK fitting), a luer taper fitting, threaded fittings
or the like. Other fittings include couplers, 3-way joints (e.g. “T’s), 4-way joints (e.g.
crosses) and end caps

Referring now to FIG. 7, a cross-sectional schematic view of a spacing element

700 is shown in accordance with various embodiments herein. The spacing element 700
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can include a core portion 702 of material that can be effective to absorb exudate. In
some embodiments, the spacing element 700 is swellable. In some embodiments, the
spacing element 700 can be comprised of a porous material for the core portion 702. In
some embodiments, the spacing element 700 includes a fluid sequestering material. The
spacing element 700 can define a central channel or lumen 704. The connector (not
shown in this view) can pass through the lumen 704.

Materials of the core portion can include hydrophilic absorbent polymers such as
polyacrylic acid, polyacrylamides, polysaccharides (e.g. alginates), terpolymers (for
example copolymers of lactide, glycolide and caprolactone), hydrogels, PEG, PVA,
poly(vinyl pyrrolidone) (PVP), poly(hydroxyethylmethacrylate), hyaluronic acid and the
like. In some embodiments, the hydrophilic absorbent polymers may be crosslinked. In
some embodiments, the core portion can include a polyurethane foam. In other
embodiments, the core portion can include hygroscopic agents that promote absorption of
water.

In some embodiments, the surface of the spacing elements can be chemically
modified in order to change the characteristics of the surface of the spacing elements. By
way of example, in some embodiments, a modifying compound can be covalently bonded
to the surface of the spacing elements. It will be appreciated that there are many different
techniques through which a modifying compound could be covalently bonded to the
surface of the spacing elements. One approach can be to use a compound with a
thermoreactive group which can covalently bond to the surface after being activated by
application of heat. Another exemplary approach can be to use a compound with a
photoreactive group which can covalently bond to the surface after being activated.

Photoreactive groups respond to specific applied external stimuli to undergo
active specie generation with resultant covalent bonding to an adjacent chemical surface.
For example, in an embodiment, a photoreactive group can be activated and can abstract
a hydrogen atom from an alkyl group. A covalent bond can then form between the
compound with the photoreactive group and the compound with the C-H bond. Suitable
photoreactive groups are described in U.S. Pat. Nos. 5,002,582; 5,637,460; 5,714,360,
and 6,077,698, the disclosures of which are incorporated herein by reference. Further

examples of such agents are described in U.S. Publ. Pat. App. No. 2012/0046384, the

10
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content of which is herein incorporated by reference. One example of such a
modification would be to provide the surface with lubricious characteristics. This can be
achieved by modifying the surface of the spacing elements to have highly hydrophilic
properties, such as that provided by PVP or polyacrylamide. As such, a photo-PVP
compound (a compound including a photoreactive group and PVP) or a photo-
polyacrylamide (a compound including a photoreactive group and polyacrylamide) could
be used to modify the surface of the spacing element. Methods for the preparation of
photo-PVP are described in U.S. Patent No. 5,414,075, the content of which is herein
incorporated by reference. Methods for the preparation of photo-polyacrylamide are
described in U.S. Patent No. 6,007,833, the content of which is herein incorporated by
reference.

Exemplary photoreactive groups that can be pendent from the coatings, materials,
or surfaces of the wound packing device, include those described in U.S. Patent No.
5,414,075 and in U.S. Patent Application No. 13/490,994 (to Swan et al. and filed June 7,
2012), the disclosures of which is incorporated herein by reference.

This material includes a chemical backbone having attached to it one or more first
latent reactive groups and one or more second latent reactive groups, each of the first and
second latent reactive groups being attached to the backbone in such a manner that, upon
activation of the latent reactive groups in the presence of a support surface, a) the first
latent reactive groups are capable of covalently bonding to the support surface, and b)
upon bonding of the first latent reactive groups to the surface, the second latent reactive
groups are; 1) restricted from reacting with either a spacer or the support surface, ii)
capable of reverting to their inactive state, and iii) upon reverting to their inactive state,
are thereafter capable of being reactivated in order to later bind a target molecule, thereby
attaching the target molecule to the surface.

In a particularly preferred embodiment, the chemical backbone of such a
multifunctional reagent is a single tetrahedral carbon atom. Attached to the central
carbon, in this embodiment, are four identical latent reactive groups, in the form of
photoreactive groups, each attached via identical spacer chains. Upon exposure to a

suitable light source, each of the latent reactive groups are subject to activation.

11
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By virtue of conformational and/or steric constraints that the reagent imposes on
itself (hence "restrained"), both by the tetrahedral nature of the central carbon, as well as
the physical-chemical nature of the spacer chains themselves (e.g., their length, reactivity,
and flexibility), the reagent is restricted, in that a maximum of three of the four activated
latent reactive groups on any given preferred reagent molecule are able to attach to the
support surface. The remaining unreacted group(s) are thus able to revert to their inactive
state. In a subsequent step, the unreacted group(s) can be reactivated in the presence of a
target molecule, in order to covalently bond the target molecule to the surface.

The reagent of the present invention involves a chemical backbone having
attached to it one or more first latent reactive groups capable of attaching to a surface,
and one or more second latent reactive groups capable of attaching to a target molecule
intended for immobilization. Chemically, the first and second latent reactive groups, and
respective spacers, can be the same or different.

In situations in which all latent reactive groups and spacers are chemically, or at
least functionally, the same, the distinction between first and second latent reactive
groups may actually be accomplished at the time of the first activation step, i.e., those
groups that are activated and attach to the surface will be considered "first" latent reactive
groups, and those that remain unreacted (whether or not they have been activated) will be
considered "second" latent reactive groups.

The first and second latent reactive groups are preferably attached to the backbone
by spacer chains in such a manner that, upon activation of the latent reactive groups in
the presence of a support surface, the first latent reactive groups are capable of covalently
bonding to the surface. The second latent reactive groups are thereby conformationally
restricted, thus preventing reaction with either their spacers, other restricted reagents of
the same type, or the support surface. In addition, after the first activation step and
removal of the activating stimulus (e.g., illumination source), the second latent reactive
groups are capable of reverting to their inactive state and can thereafter be activated (or
reactivated, as the case may be) to covalently bond a target molecule.

The following diagram depicts the concept of the preferred tetrahedral core

structure, as exemplified by the empirical formula X(Y)4(Z)s4, shown below as Formula I:

12
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%1 FORMULA I

Yl W

I ot

-~
AL
Zy Y{
Z3
In Formula I:

X = the chemical backbone;
Y1, Yo, Y3, Ya = optional spacers; and
21, 22, 23, Z4 = latent reactive groups.

In an embodiment, the invention provides a core molecule containing four
dimethylencoxy groups bonded as spacers to a central tetrahedral carbon atom, the
carbon atom serving in this instance as the chemical backbone. The backbone, spacers,
and latent reactive groups are described herein, for the sake of simplicity, as being
distinct portions of the reagent of the present invention. In the chemical synthesis of a
reagent however, these portions will rarely be provided as three independent precursors.
Instead, and most often, the portion referred to herein as the spacer will be formed as the
result of the reaction between two molecules, one that contains the core molecule and
another that contains the latent reactive group.

By virtue of the physical and chemical properties of the photoreactive groups and
the methylene group spacers, together with the conformational restrictions provided by
the tetrahedral carbon backbone, the reagent is able to attach up to three of its
photoreactive groups to a surface upon photoactivation. Being conformationally
restricted, and thus unable to interact with the support surface or the spacers, any
remaining photoreactive group(s) are able to return to their inactive states upon removal
of fight, once again being capable of activation by subsequent illumination.

In addition to reagents of the particularly preferred embodiment, containing a
central carbon atom, reagents of the present invention can be prepared having any

suitable chemical (e.g., organic and/or inorganic) backbone structure, including those that
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employ a single atom, such as silicon, nitrogen, phosphorus, and any other atom with four
or more bonds nonplanar with respect to one another.

Also, molecules having conformationally restricted ring structures (such as
inositol, i.e., hexahydroxy cyclohexane) can be derivatized with latent reactive groups in
a manner analogous to that described herein for pentaerythritol, to provide latent reactive
groups in both axial and equatorial positions. Other polyhydroxylated compounds such as
mono- and di-saccharides, and cyclodextrins, are suitable as well, in that they offer
alternative opportunities to create other multisubstituted reagents having varying
placements and densities of latent reactive groups.

Contact with a support surface and activation of the latent reactive groups will
result in covalent bond formation through at least one latent reactive group, with at least
one other latent reactive group being conformationally restricted and thus unable to react
at the surface.

Spacers useful in the reagent of the present invention can be bonded to the
tetrahedral atom and can be of any suitable length and structure. A "spacer”, as used
herein, refers to that region of a reagent between a latent reactive group and a chemical
backbone. The use of spacers is optional, and would not be necessary, for instance, for
such compounds as acylated derivatives of tetraphenylmethane having the structure

shown below as Formula II:

FORMULAII

A "latent reactive group", as used herein, refers to a chemical group that responds
to an applied external energy source in order to undergo active specie generation,

resulting in covalent bonding to an adjacent chemical structure (e.g., an abstractable
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hydrogen). Preferred groups are sufficiently stable to be stored under conditions in which
they retain such properties. See, ¢.g., U.S. Pat. No. 5,002,582, the disclosure of which is
incorporated herein by reference. Latent reactive groups can be chosen that are
responsive to various portions of the electromagnetic spectrum, with those responsive to
ultraviolet and visible portions of the spectrum (referred to herein as "photoreactive")
being particularly preferred.

Photoreactive aryl ketones such as acetophenone and benzophenone, or their
derivatives, are preferred, since these functional groups, typically, are readily capable of
undergoing the activation/inactivation/reactivation cycle described herein. Benzophenone
is a particularly preferred photoreactive group, since it is capable of photochemical
excitation with the initial formation of an excited singlet state that undergoes intersystem
crossing to the triplet state. The excited triplet state can insert into carbon-hydrogen
bonds by abstraction of a hydrogen atom (from a support surface, for example), thus
creating a radical pair. Subsequent collapse of the radical pair leads to formation of a new
carbon-carbon bond. If a reactive bond (e.g., carbon-hydrogen) is not available for
bonding, the ultraviolet light-induced excitation of the benzophenone group is reversible
and the molecule returns to ground state energy level upon removal of the energy source.
Hence, photoreactive aryl ketones are suitable.

A linking agent suitable for use in the present material is described in U.S. Patent
No. 5,714,360, the disclosure of which is incorporated herein by reference.

A chemical linking agent including a di- or higher functional photoactivatable
charged compound can be employed. This linking agent provides at least one group that
is charged under the conditions of use in order to provide improved water solubility. The
agent further provides two or more photoactivatable groups in order to allow the agent to
be used as a cross-linking agent in aqueous systems. In an embodiment, the charge is
provided by the inclusion of one or more quaternary ammonium radicals, and the
photoreactive groups are provided by two or more radicals of an aryl ketone such as
benzophenone.

In a preferred embodiment, the invention provides a linking agent of the general
formula: X-Y-X; wherein each X, independently, is a radical containing a photoreactive

group and Y is a radical containing, inter alia, one or more charged groups. In such an
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embodiment, the number and/or type of charged group(s) is sufficient to provide the
molecule with sufficient aqueous solubility to allow the agent to be used (i.e., applied to a
surface and activated) in a solvent system having water as a major component.

In an embodiment, Y contains one or more nitrogen-containing (e.g., quaternary

5 ammonium) groups. For example, Y contains a linear or heterocyclic radical selected

from the group consisting of:

R3 R R3
L L] |
RIZN—Rl~, RIZN—RIEIN—RI—,

[ | I
R2 R? R?

]I{3 Ta ?}
Rl..illq._Rl_"‘qu_Rl_";llq —Ri—,
R2 R2 R2

R3 R3 R3 R3
N Y
Rl-—IIJ—R’—rlJ—R‘-—IiI—Rl—IIJ—R‘—,
Rz R2 Rz Rz

wherein each R' independently is a radical containing an alkylene, oxyalkylene,
10 cycloalkylene, arylene, or aralkylene group, each R? independently is a radical containing

an alkyl, oxyalkyl, cycloalkyl, aryl, or aralkyl group, and each R® independently is either
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a non-bonding pair of electrons, a hydrogen atom, or a radical of the same definition as
R?, in which the R', R? and R® groups can contain noninterfering heteroatoms such as O,
N, S, P and the like, and/or noninterfering substituents such as halo (e.g., Cl) and the like.

In an embodiment, one or more R? radicals contains an aralkyl group in the form
of a photoactivatable aryl ketone. These groups, in addition to the two photoactivatable
groups provided by the above-defined X groups, can be used to provide the "triphoto",
"tetraphoto" and higher order photoactivatable groups described herein. The use of three
or more total photoreactive groups provides the linking agent with further ability to cross-
link the agent to a target molecule and/or to a surface.

In yet another preferred embodiment, the R? and R* groups of the above linear
radicals can, in effect, be fused (e.g., an R?and an R® on a single N atom, or a suitable
combination of R*R? groups on adjacent N atoms) in order to form heterocyclic
structures other than those exemplified above. The specific choice and relationship
between R groups in a linking agent of the present invention is not critical, so long as the
linking agent provides two or more photoactivatable groups and retains sufficient water

solubility for its intended use.

Linking Agent

A water-soluble, linking agent suitable for use as the present device is described
in U.S. Patent Application No. 13/074537 (Kurdyumov et al.; filed 3/29/2011), the
disclosure of which is incorporated herein by reference.

The linking agent can have the formula Photo'-LG-Photo?, wherein Photo’ and
Photo?, independently, represent at least one photoreactive group and LG represents a
linking group. In one embodiment, one or more photoreactive groups include an aryl
ketone. In a more particular embodiment, one or more photoreactive groups include
benzophenone.

In one embodiment, the linking group includes one or more silicon atoms or one
or more phosphorus atoms, wherein each photoreactive group is independently bonded to
the linking group by a covalent linkage that includes at least one heteroatom. In one

embodiment, at least one heteroatom is selected from oxygen, nitrogen, selenium, sulfur,
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or a combination thereof. In one embodiment, at least one photoreactive group,
heteroatom and linking group form an ether or an amine.

In a more particular embodiment, the linking group includes one silicon atom
covalently bonded to at least two photoreactive groups. In another embodiment, the
linking group includes at least two silicon atoms. In another embodiment, the linking
group has the formula Si-Y-Si, wherein Y represents a linker that can be null, an amine,
ether, linear or branched C;-Cyg alkyl, or a combination thereof. In one embodiment, Y is
selected from O, CH,, OCH,CH,0 and O(CH,CH,0),, wherein n is an integer between 1
and 5, between 1 and 10, between 1 and 15, between 1 and 20, between 1 and 23, or
between 1 and 30.

In another embodiment, the linking group includes one or more phosphorester
bonds and/or one or more phosphoramide bonds wherein one or more phosphorester
and/or one or more phosphoramide bonds form a covalent bond with at least one
photoreactive group, such that the linking group includes at least two photoreactive
groups. In one embodiment, the linking group is covalently attached to three
photoreactive groups, wherein each photoreactive group is covalently bonded to the
linking group by a phosphorester or phosphoramide bond. In another embodiment, the
linking group includes at least one phosphorus atom with a phosphorus-oxygen double
bond (P=0), wherein at least one photoreactive group is bonded to at least one
phosphorus atom. In yet another embodiment, the linking group includes one phosphorus
atom with a phosphorus-oxygen double bond (P=0), wherein at least two or three
photoreactive groups are covalently bonded to the phosphorus atom. In another
embodiment, the linking group includes at least two phosphorus atoms, wherein at least
one phosphorus atom includes a phosphorus-oxygen double bond (P=0), and at least one
or at least two photoreactive groups are covalently bonded to each phosphorus atom.

The linking agent includes one or more photoreactive groups and a linking group,
wherein each photoreactive group is independently attached to the linking group by a
linkage. In other embodiments, the linking agent includes two or more photoreactive
groups. In still other embodiments, the linking agent includes three or more

photoreactive groups.
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The linking agent includes one or more photoreactive groups attached to a linking
group. The linking agent can be represented by the formula Photo'-LG-Photo”, wherein
Photo' and Photo” independently represent at least one photoreactive group and LG
represents a linking group. The term "linking group” as used herein, refers to a segment
or group of molecules configured to connect two or more molecule to each another,
wherein the linking group is capable of degrading under one or more conditions. In one
embodiment, the linking group includes at least one silicon atom. In another
embodiment, the linking group includes at least one phosphorus atom.

The term "linking group"” as used herein, refers to a moiety configured to connect
one molecule to another, wherein the linking group is capable of cleavage under one or
more conditions. The term "biodegradable" as used herein, refers to degradation in a
biological system, and includes for example, enzymatic degradation or hydrolysis. It
should be noted that the term “degradable” as used herein includes both enzymatic and
non-enzymatic (or chemical) degradation. It is also understood that hydrolysis can occur
in the presence of or without an acid or base. In one embodiment, the linking agent is
water soluble. In another embodiment, the linking agent is not water soluble.

In addition to providing a bond, the linking group can function as a spacer, for
example, to increase the distance between the photoreactive groups of the linking agent.
For example, in some instances it may be desirable to provide a spacer to reduce steric
hindrance that may result between the photoreactive groups, which could interfere with
the ability of the photoreactive groups to form covalent bonds with a support surface, or
from serving as a photoinitiator for polymerization. As described herein, it is possible to
vary the distance between the photoreactive groups, for example, by increasing or
decreasing the spacing between one or more photoreactive groups.

As described herein, one or more photoreactive groups can be bonded to a linking
group by a linkage. In one embodiment, the linkage between the photoreactive group and
the linking group includes at least one heteroatom, including, but not limited to oxygen,
nitrogen, selenium, sulfur or a combination thereof. In one embodiment, a photoreactive
group, linking group and heteroatom form an ether (R'-0-R?), wherein R' is a
photoreactive group and R? is a linking group. In another embodiment, a photoreactive

group, linking group and heteroatom form an amine,
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wherein R' is a photoreactive group, R is a linking group, and R* is hydrogen, aryl or
alkyl, a photoreactive group, or a hydroxyl or salt thereof. In one embodiment, R” is
cyclic, linear or branched, saturated or unsaturated, aromatic or heteroaromatic, or a
combination thercof. The stability of the ether and/or amine linkage can be influenced
depending upon the size (e.g., chain length, branching, bulk, etc.) of the substituents. For
example, bulkier substituents will generally result in a more stable linkage (i.e., a linking
agent that is slower to degrade in the presence of water and/or acid).

In one embodiment, the linking group includes one or more silicon atoms. In a
particular embodiment, the linking group includes one silicon atom (which can be
referred to as a monosilane) covalently bonded to at least two photoreactive groups. In
another embodiment, the linking group includes at least two silicon atoms (which can be
referred to as a disilane). In one embodiment, the linking group can be represented by the
formula Si-Y-Si, wherein Y represents a linker that can be null (e.g., the linking group
includes a direct Si-Si bond), an amine, ether, linear or branched C;-Cy alkyl, or a
combination thereof. In one embodiment, Y is selected from O, CH,, OCH,CH,O,
O(CH(CH3)CH;0),, and O(CH,CH,0),, wherein n is an integer between 1 and 5,
between 1 and 10, between 1 and 15, between 1 and 20, between 1 and 25, or between 1

and 30. One embodiment of a disilane linking agent is shown below

O 0
N N RR* ROR SN Z
| | \Sli \/ I l
v / Pt 5,S|\ /\’// A_
1 2 X R X 8 9
R R R R

wherein Rl, R2, R® and R’ can be any substitution, including, but not limited to H, alkyl,
halide, hydroxyl, amine, or a combination thereof; R3, R4, R® and R can be alkyl, aryl or
a combination thereof; R> can be any substitution, including but not limited to O, alkyl or
a combination thereof; and each X, independently, can be O, N, Se, S, or alkyl, or a

combination therecof. One specific embodiment is shown below:
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O
o)
Me I\/Ie\ /Me
-Si NH
NH "o
In one embodiment, the linking agent can be represented by the formula
1 3
R R
1 | | 2
Photo — %i —(CH,) —Sji—Photo
2’n |
2 4
R R

wherein Photo' and Photo?, independently, represent one or more photoreactive groups
and n is an integer between 1 and 10, wherein the linking agent comprises a covalent
linkage between at least one photoreactive group and the linking group, wherein the
covalent linkage between at least one photoreactive group and the linking group is
interrupted by at least one heteroatom. In general, a longer hydrocarbon chain between
the two silicon atoms will tend to increase the flexibility of the linking agent and may
facilitate crosslinking between a greater number of polymers than a linking agent with a
shorter carbon chain, since the photoreactive groups can react with polymers located
farther apart from one another. In the formula shown above, Rl, R2, RS, R* are
independently alkyl or aryl, including, but not limited to cyclic, linear or branched,
saturated or unsaturated, aromatic or heteroaromatic, or a combination thereof. In a more
particular embodiment, R'-R* are independently phenyl, methyl, ethyl, isopropyl, t-butyl,
or a combination thereof. In another embodiment, R'-R* can also be, independently, a
photoreactive group. In yet another embodiment, R'-R? can also be, independently,
hydroxyl or salt thereof. In one embodiment, the hydroxyl salt includes a counterion that
is lithium, sodium, potassium, or a combination thereof.

In another embodiment, the linking agent can be represented by the formula

1

i

1 2
Photo — Sli — Photo

2
R
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wherein Photo' and Photo?, independently, represent one or more photoreactive group,
wherein the linking agent comprises a covalent linkage between at least one
photoreactive group and the linking group, wherein the covalent linkage between at least
one photoreactive group and the linking group is interrupted by at least one heteroatom;
R'and R? are independently alkyl or aryl, including, but not limited to cyclic, linear or
branched, saturated or unsaturated, aromatic or heteroaromatic, or a combination thereof.
In a more particular embodiment, R' and R? are independently phenyl, methyl, ethyl,
isopropyl, t-butyl, or a combination thereof. R' and R? can also be, independently, a
photoreactive group, wherein the linking agent comprises a covalent linkage between at
least one photoreactive group and the linking group, wherein the covalent linkage
between at least one photoreactive group and the linking group is interrupted by at least
one heteroatom; or hydroxyl or salt thereof. In one embodiment, the hydroxyl salt
includes a counterion that is lithium, sodium, potassium, or a combination thereof. One
embodiment of a monosilane linking agent is shown below

W\ Ak O )

in which R! and R® can be any substitution, including, but not limited to H, halogen,
amine, hydroxyl, alkyl, or a combination thereof; R? and R? can be any substitution,
except OH, including, but not limited to H, alkyl or a combination thereof; R* can be
alkyl, aryl or a combination thereof; and X, independently, can be O, N, Se, S, alkyl or a
combination thereof.

In another embodiment, the linking group includes one or more phosphorous
atoms. In one embodiment, the linking group includes one phosphorus atom (which can
also be referred to as a mono-phosphorus linking group). In another embodiment, the
linking agent includes two phosphorus atoms (which can also be referred to as a bis-
phosphorus linking group). In one embodiment, the linking group comprises at least one
phosphorus atom with a phosphorus-oxygen double bond (P=0), wherein at least one or
two photoreactive groups are bonded to the phosphorus atom. In another embodiment,
the linking group comprises one phosphorus atom with a phosphorus-oxygen double

bond (P=0), wherein two or three photoreactive groups are covalently bonded to the
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phosphorus atom. In another embodiment, the linking group comprises at least two
phosphorus atoms, wherein at least one phosphorus atom includes a phosphorus-oxygen
double bond (P=0), and at least one or two photoreactive groups are covalently bonded
to each phosphorus atom.

In a more particular embodiment, the linking agent can be represented by the

formula:

2

1
Photo — P - Photo

o —0 —O

wherein Photo' and Photo?, independently, represent one or more photoreactive groups,
wherein the linking agent comprises a covalent linkage between at least one
photoreactive group and the linking group, wherein the covalent linkage between at least
one photoreactive group and the linking group is interrupted by at least one heteroatom
and R is alkyl or aryl, a photoreactive group, hydroxyl or salt thereof, or a combination
thereof. In one embodiment, the hydroxyl salt includes a counterion that is lithium,
sodium, potassium, or a combination thereof. In a more particular embodiment, R is
cyclic, linear or branched, saturated or unsaturated, aromatic or heteroaromatic, or a
combination thercof. In a more particular embodiment, R is phenyl, methyl, ethyl,
isopropyl, t-butyl, or a combination thereof.

In another embodiment, the linking agent can be represented by formula:

1 2
Photo — IlD — Photo

R

wherein Photo' and Photo? independently, represent one or more photoreactive groups,
wherein the linking agent comprises a covalent linkage between at least one
photoreactive group and the linking group, wherein the covalent linkage between at least
one photoreactive group and the linking group is interrupted by at least one heteroatom
and R is alkyl or aryl, a photoreactive group (wherein the covalent linkage between the

photoreactive group and the linking group may be interrupted by at least one heteroatom),
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hydroxyl or salt thereof, or a combination thereof. In one embodiment, the hydroxyl salt
includes a counterion that is lithium, sodium, potassium, or a combination thereof. In a
more particular embodiment, R is cyclic, linear or branched, saturated or unsaturated,
aromatic or heteroaromatic, or a combination thereof. In one embodiment, R is phenyl,
methyl, ethyl, isopropyl, t-butyl, or a combination thereof.

In another embodiment, the linking agent can be represented by the formula:

@) 0O
. I I ,
Photo —I|3—Y— I|3— Photo
1 2
R R

wherein Photo' and Photo?, independently, represent one or more photoreactive groups,
wherein the linking agent comprises a covalent linkage between at least one
photoreactive group and the linking group, wherein the covalent linkage between at least
one photoreactive group and the linking group is interrupted by at least one heteroatom;
Y represents a linker that can be N or O (e.g., pyrophosphate), linear or branched C;-Cy
alkyl, or a combination thereof; and R' and R? are independently alkyl, aryl, a
photoreactive group (wherein the covalent linkage between the photoreactive group and
the linking group can be interrupted by at least one heteroatom), hydroxyl or salt thereof,
or a combination thereof. In one embodiment, Y is selected from O, CH,, OCH,CH,O,
O(CH(CH3)CH;0),, and O(CH,CH,0),, wherein n is an integer between 1 and 5,
between 1 and 10, between 1 and 15, between 1 and 20, between 1 and 25, or between 1
and 30. In one embodiment, the hydroxyl salt counterion is lithium, sodium, potassium,
or a combination thereof. In a more particular embodiment, R' and R? are independently,
cyclic, linear or branched hydrocarbon, saturated or unsaturated, aromatic or
heteroaromatic, or a combination thereof. In one embodiment, R' and R? are
independently phenyl, methyl, ethyl, isopropyl, t-butyl, or a combination thereof. In
general, a longer hydrocarbon chain between the two phosphorus atoms will tend to
increase the flexibility of the linking agent and may facilitate crosslinking between a
greater number of polymers than a linking agent with a shorter carbon chain, since the

reactive photoreactive groups can react with polymers located farther apart from one
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another. In one embodiment, Y can be O, CH,, OCH,CH,0, O(CH»(CH3)CH,0),, and
O(CH,CH;0), wherein n is an integer between 1 and 5, between 1 and 10, between 1 and
15, between 1 and 20, between 1 and 25, or between 1 and 30. One embodiment is

shown below

i~
N\ 7/

in which Rl, R2, R* and R’ can be any substitution, including but not limited to H, alkyl,
halogen, amine, hydroxyl, or a combination thereof; R? can be any substitution, including
but not limited to O, alkyl, or a combination thereof; R® and R” can be alkyl, aryl or a
combination thereof; and each X can independently be O, N. Se, S, alkyl, or a
combination thereof. In one embodiment, the linking agent includes one or more

phosphorester bonds and one or more phosphoramide bonds, and can be represented by

the formula:
0]
1 1 ” 2 2
RX — I|3—XR
3 3
X R

wherein X and X* are, independently, O, N, Se, S or alkyl; R' and R? are independently,
one or more photoreactive groups, and X*is O, N, Se, S, alkyl or aryl, RYis alkyl or aryl,
including, but not limited to cyclic, linear or branched, saturated or unsaturated, aromatic
or heteroaromatic, or a combination thereof. In a more particular embodiment, R* is
phenyl, methyl, ethyl, isopropyl, t-butyl, or a combination thereof. R? can also be a
photoreactive group or a hydroxyl or salt thereof. In one embodiment, the hydroxyl salt
counterion is lithium, sodium, potassium, or a combination thereof.

In one embodiment, the linking agent comprises a triphosphorester, which can be

represented by the formula.
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O
I

1 2
RO-P-0OR
| 3
OR
wherein R' and R? are independently, one or more photoreactive groups, and R? is alkyl
or aryl, including, but not limited to cyclic, linear or branched, saturated or unsaturated,
aromatic or heteroaromatic, or a combination thereof. In a more particular embodiment,
R? is phenyl, methyl, ethyl, isopropyl, t-butyl, or a combination thereof. R’ can also be a
photoreactive group or a hydroxyl or salt thereof. In one embodiment, the hydroxyl salt
counterion is lithium, sodium, potassium, or a combination thereof.
In another embodiment, the linking agent comprises a triphosphoramide, which

can be represented by the formula.

wherein R'-R® are independently, a photoreactive group, a hydroxyl or salt thereof, alkyl
or aryl, or a combination thercof, wherein at least two of R'-R® are, independently, a
photoreactive group. In one embodiment, the hydroxyl salt counterion is lithium,
sodium, potassium, or a combination thereof. In a more particular embodiment, RLR®
are independently cyclic, linear or branched, saturated or unsaturated, aromatic or
heteroaromatic, or a combination thereof. In a more particular embodiment, R'-R® are,
independently, phenyl, methyl, ethyl, isopropyl, t-butyl, or a combination thereof.

The linking agent can be formed using any suitable reaction pathway. In one
embodiment, the linking agent is formed by reacting a functionalized linking element
with one or more, typically two or more photoreactive groups. As used herein, the term
“linking element” refers to the linking group component of the linking agent before it is

bonded to one or more photoreactive groups. The term “functionalized linking element”
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is used to indicate that the linking element includes one or more reactive functional
groups. In one embodiment, the linking element includes one or more halogen functional
groups. The term “halogen” refers to fluorine, chlorine, bromine, or iodine functional
groups. In another embodiment, the linking element includes one or more
trifluoromethanesulfonate (CF3SOs-) functional groups.

In one embodiment, the linking element includes one or more silicon atoms. In
one embodiment, the linking element includes one or more halogen substituents, such as
fluorine, chlorine, bromine, iodine, and combinations thereof. In another embodiment,
the linking element includes at least two halogen substituents. In another embodiment,
the linking element includes one or more trifluoromethanesulfonate (triflate) substituents.
In another embodiment, the linking element includes at least two triflate substituents. In
a more particular embodiment, the linking element includes one silicon atom with at least
two halogen or triflate substituents. In another embodiment, the linking element includes
at least two silicon atoms. In a more particular embodiment, the linking element includes
two silicon atoms, wherein each silicon atom includes at least one halogen or triflate
substituent. In one embodiment, the linking element can be represented by the formula
Si-Y-Si, wherein Y represents a linker that can be null, an amine, ether, linear or
branched C;-C alkyl, or a combination thereof, wherein each silicon atom includes at
least one halogen or triflate substituent. In one embodiment, Y is selected from O, CH,,
OCH,CH,0, O(CH(CH3)CH,0),, and O(CH,CH,0),, wherein n is an integer between 1
and 5, between 1 and 10, between 1 and 15, between 1 and 20, between 1 and 23, or
between 1 and 30.

In one embodiment, the linking element can be represented by the formula

1 3
R R
X —Si—(CH.) —Si—X
%2 2'n %4
R R

wherein X' and X? are independently halogen, such as fluorine, chlorine, bromine,
iodine; trifluoromethanesulfonate; or a combination thereof and n is an integer between 1

and 10. R;-R4 are independently alkyl or aryl, including, but not limited to cyclic, linear
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or branched, saturated or unsaturated, aromatic or heteroaromatic, or a combination
thereof. In a more particular embodiment, R'-R* are independently phenyl, methyl, ethyl,
isopropyl, t-butyl, or a combination thereof. In another embodiment, R'-R* can also be,
independently, halogen. In yet another embodiment, R'-R* can also be, independently,
hydroxyl or salt thereof. In one embodiment, the hydroxyl salt includes a counterion that
is lithium, sodium, potassium, or a combination thereof.

In another embodiment, the linking element can be represented by the formula

1

i
X1 ' X2
— I —
Fz
R

wherein X' and X? are independently halogen; such as fluorine, chlorine, bromine, and
iodine; or trifluoromethanesulfonate; R' and R? are independently alkyl or aryl, including,
but not limited to cyclic, linear or branched, saturated or unsaturated, aromatic or
heteroaromatic, or a combination thereof. In a more particular embodiment, R' and R
are independently phenyl, methyl, ethyl, isopropyl, t-butyl, or a combination thereof. R
and R can also be, independently, halogen, hydroxyl or hydroxyl salt. In one
embodiment, the hydroxyl salt includes lithium, sodium, potassium, or a combination
thereof as a counterion.

In another embodiment, the linking element includes one or more phosphorous
atoms. In one embodiment, the linking element comprises at least one phosphorus atom
with a phosphorus-oxygen double bond (P=0), wherein at least one halogen or
trifluoromethanesulfonate substituent is bonded to at least one phosphorus atom. In
another embodiment, the linking element comprises one phosphorus atom with a
phosphorus-oxygen double bond (P=0), wherein two or three halogen or
trifluoromethanesulfonate substituents are, independently, covalently bonded to the
phosphorus atom. In another embodiment, the linking element comprises at least two
phosphorus atoms, wherein at least one phosphorus atom includes a phosphorus-oxygen

double bond (P=0), and at least one or two halogen or trifluoromethanesulfonate

28



10

15

20

WO 2014/062839 PCT/US2013/065297

substituents are covalently bonded to each phosphorus atom. In a more particular
embodiment, the linking element comprises two phosphorus atoms.
In a more particular embodiment, the linking element can be represented by the

formula

0
o
X = P-X

R

2

wherein X' and X? are independently halogen; such as fluorine, chlorine, bromine, and
iodine; or trifluoromethanesulfonate; and R is alkyl or aryl, halogen, hydroxyl or a
hydroxyl salt, or a combination thereof. In one embodiment, the hydroxyl salt includes a
counterion that is lithium, sodium, potassium, or a combination thereof. In a more
particular embodiment, R is cyclic, linear or branched, saturated or unsaturated, aromatic
or heteroaromatic, or a combination thereof. In a more particular embodiment, R is
phenyl, methyl, ethyl, isopropyl, t-butyl, or a combination thereof.

In another embodiment, the linking element can be represented by formula:

1 2
X =P X
R

wherein X' and X? are independently halogen, such as fluorine, chlorine, bromine, and
iodine; or trifluoromethanesulfonate and R is alkyl or aryl, halogen,
trifluoromethanesulfonate, hydroxyl or salt thereof, or a combination thereof. In one
embodiment, the hydroxyl salt includes a counterion that is lithium, sodium, potassium,
or a combination thereof. In a more particular embodiment, R is cyclic, linear or
branched, saturated or unsaturated, aromatic or heteroaromatic, or a combination thereof.
In one embodiment, R' and R? are independently phenyl, methyl, ethyl, isopropyl, t-
butyl, or a combination thereof.

In another embodiment, the linking element can be represented by the formula:
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wherein X' and X? are independently halogen, such as fluorine, chlorine, bromine, and
iodine; or trifluoromethanesulfonate, Y represents a linker that can be null, an amine, an
ether, linear or branched C;-C,¢ alkyl, or a combination thereof; and R! and R? are
independently alkyl, aryl, halogen, hydroxyl or salt thereof, or a combination thercof. In
one embodiment, Y is selected from O, CH,, OCH,CH,0, O(CH(CH3)CH;0),, and
O(CH,CH;0),, wherein n is an integer between 1 and 5, between 1 and 10, between 1
and 15, between 1 and 20, between 1 and 25, or between 1 and 30. In one embodiment,
the hydroxyl salt counterion is lithium, sodium, potassium, or a combination thercof. In a
more particular embodiment, R' and R? are independently, cyclic, linear or branched
hydrocarbon, saturated or unsaturated, aromatic or heteroaromatic, or a combination
thereof. In one embodiment, R' and R? are independently phenyl, methyl, ethyl,

isopropyl, t-butyl, or a combination thereof.

Water-Soluble, Degradable Linking Agent

A water-soluble, degradable linking agent suitable for use in the present
polymeric medical device is described in U.S. Patent Application Nos. 61/285,345 and
61/358,464, the disclosure of which is incorporated herein by reference.

Described in this section is a linking agent that includes a core molecule with one
or more charged groups; and one or more photoreactive groups covalently attached to the
core molecule by one or more degradable linkers. In one embodiment, the linking agent
includes a non-polymeric core molecule. In one embodiment, the non-polymeric core
molecule is a hydrocarbon, including a hydrocarbon that is linear, branched, cyclic, or a
combination thereof, aromatic, non-aromatic, or a combination thereof; monocyclic,
polycyclic, carbocyclic, heterocyclic, or a combination thereof; benzene or a derivative
thereof. In one embodiment, one or more degradable linkers comprise an amide, an ester,

a thiocarbamate, or a combination thercof. In one embodiment, one or more
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photoreactive group is an aryl ketone, including, for example, acetophenone,
benzophenone, anthraquinone, anthrone, anthrone-like heterocycles, substituted
derivatives thereof, or a combination thereof. In one embodiment, one or more charged
groups are negatively charged, including, for example, an organic acid selected from
sulfuric acid, sulfonic acid, carboxylic acid, phosphoric acid, phosphonic acid, or a
combination thereof. In another embodiment, one or more charged groups are positively
charged, for example, a quaternary ammonium salt.

Described herein is a water-soluble, degradable linking agent. The degradable
linking agent includes one or more photoreactive groups, one or more charged groups,
and one or more degradable linkers configured to operably attach one or more
photoreactive groups to one or more negatively charged groups. In one embodiment, the
linking agent includes a core having one or more charged groups attached directly or
indirectly thereto and one or more photoreactive groups attached to the non-polymeric
core by one or more degradable linkers.

The degradable linking agent includes one or more photoreactive groups attached
to one or more charged groups by a degradable linker. In a more particular embodiment,
the degradable linking agent includes a core molecule to which the charged groups and
the photoreactive groups can be independently attached. In one embodiment, the
degradable linking agent includes a non-polymeric core molecule. The term "degradable
linker" as used herein, refers to a segment configured to connect one part of the linking
agent to another, wherein the linker is capable of cleavage under one or more conditions.
The term degradable as used herein also encompasses "biodegradable linkers." The term
"biodegradable” as used herein, refers to degradation in a biological system, and includes
for example, enzymatic degradation or hydrolysis. It should be noted that the term
“degradable” as used herein includes both enzymatic and non-enzymatic (or chemical)
degradation. In one embodiment, the degradable linker comprises one or more
degradable linkages such as an amide, an ester, a thiocarbamate, or combinations thereof.

In addition to providing a degradable segment, the degradable linker can function
as a spacer, to increase the distance between one or more photoreactive groups and the
core molecule. For example, in some instances it may be desirable to provide a spacer to

reduce steric hindrance that may result between the core molecule and one or more
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photoreactive groups that could interfere with the ability of one or more photoreactive
groups to form covalent bonds with a support surface, or from serving as a photoinitiator
for polymerization. As described herein, it is possible to vary the distance between the
photoreactive groups, for example, by increasing or decreasing the spacing between one
or more photoreactive groups.

A degradable linking agent can be represented by the formula:

i~

wherein X' and X? include, independently, one or more photoreactive groups, for
example, an aryl ketone photoreactive group, including, but not limited to, aryl ketones
such as acetophenone, benzophenone, anthraquinone, anthrone, anthrone-like
heterocycles, their substituted derivatives or a combination thereof; D! and D? are,
independently, degradable segments, including, for example, degradable segments that
include an amide, an ester, a thiocarbamate, or a combination thereof; Y represents a core
molecule, which can be either polymeric or non-polymeric, including, but not limited to a
hydrocarbon, including a hydrocarbon that is linear, branched, cyclic, or a combination
thereof; aromatic, non-aromatic, or a combination thereof; monocyclic, polycyclic,
carbocyclic, heterocyclic, or a combination thereof; benzene or a derivative thereof; or a
combination thereof; and Z represents one or more charged groups, including, for
example, one or more negatively charged groups such as an organic acid salt, including
but not limited to sulfuric acid, sulfonic acid, carboxylic acid, phosphoric acid,
phosphonic acid, or a combination thereof; one or more positively charged groups, for
example, a quaternary ammonium salt, or a combination thereof.

In the formula shown above, the two or more photoreactive groups (X' and X?)
are discrete. As used herein, the term “discrete” means that the two or more
photoreactive groups are distinct from each other, as compared to a bifunctional

photoreactive agent, that can include two or more photoreactive moieties, such as a
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conjugated cyclic diketone wherein each ketone group of the diketone is adapted to serve
as a photoreactive moiety capable of being activated in order to provide a free radical. It
is also understood that the first and second photoreactive groups and/or the first and
second degradable linkers may or may not be the same. For example, in one
embodiment, the photoreactive groups (X' and X?) are the same or identical. In another
embodiment, the photoreactive groups (X1 and Xz) are not the same. In one embodiment,
the degradable linker (D' and D?) are the same or identical. In another embodiment, the
degradable linker (D' and D?) are not the same. In one embodiment, the photoreactive
groups include one or more first photoreactive groups adapted to attach the linking agent
to a surface and one or more second photoreactive groups adapted to initiate
photopolymerization.

In one embodiment, the degradable linker is a biodegradable linker that includes
an amide bond (also referred to as a peptide bond, or peptide linker). A peptide bond can
be cleaved by amide hydrolysis (the addition of water) by enzymatic and non-enzymatic
reactions. Proteolysis refers to amide hydrolysis catalyzed by an enzyme. The term
“protease” refers to an enzyme that conducts proteolysis. Examples of enzymes capable
of hydrolyzing a peptide bond include, but are not limited to, acylase, amidohydrolase,
deaminase, trypsin, and alpha-chymotrypsin.

A nonlimiting example of a degradable linker with a peptide bond can be

represented by formula I:
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2
/z
2
R
1 1 3
y R Y—/R O %
4 7 5 2
'\ R NH— g’ —x
o) 0
8 6 1
R NH=—pRr —x
1.

wherein X' and X? include, independently, one or more photoreactive groups, including,
but not limited to, aryl ketone photoreactive groups, such as acetophenone, benzophenone,
anthraquinone, anthrone, anthrone-like heterocycles, their substituted derivatives or a
combination thereof; Y represents a core molecule, which can be polymeric or non-
polymeric, including for example, non-polymeric molecules such as a hydrocarbon,
including linear, branched or cyclic; aromatic or non-aromatic; monocyclic, polycyclic,
carbocyclic or heterocyclic; benzene or a derivative thereof; or combinations thereof; Z'
and Z° represent, independently, one or more charged groups, including positively and
negatively charged groups, for example a negatively charged group that includes an
organic acid salt, including but not limited to sulfuric acid, sulfonic acid, carboxylic acid,
phosphoric acid, phosphonic acid, or a combination thereof; one or more positively
charged groups, for example, a quaternary ammonium salt; or a combination thereof. R',
R2, RS, and R* are, independently, spacer elements that can be null, a heteroatom, alkyl or
aryl, including, but not limited to cyclic, linear or branched, saturated or unsaturated,
aromatic or heteroaromatic, or a combination thereof; R” and R® are, independently, spacer

elements that can be null, alkyl or aryl, including, but not limited to cyclic, linear or
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branched, saturated or unsaturated, aromatic or heteroaromatic, or a combination thereof;
and R” and R® are, independently substituents that can be hydrogen, alkyl or aryl,
including, but not limited to cyclic, linear or branched, saturated or unsaturated, aromatic
or heteroaromatic, or a combination thereof.

More specific examples of a degradable linker that includes a degradable amide

bond include those shown in formulae II and I1I:

H SO, Na'
I _/_O
%—R/’\ Na
! {
x} "\
o=<|FjI B R/X
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wherein X' and X? include, independently, one or more photoreactive groups, including,
but not limited to aryl ketone photoreactive groups, such as acetophenone, benzophenone,
anthraquinone, anthrone, anthrone-like heterocycles, their substituted derivatives or a
combination thereof;, and Rl, R2, RS, and R* are, independently, spacer elements, which
can be null, alkyl or aryl, including, but not limited to cyclic, linear or branched, saturated
or unsaturated, aromatic or heteroaromatic, or a combination thereof; and R and RS are,
independently substituents that can be hydrogen, alkyl or aryl, including, but not limited
to cyclic, linear or branched, saturated or unsaturated, aromatic or heteroaromatic, or a
combination thereof.

More specific examples of linkers with degradable peptide bonds are shown in
formula IV, below, wherein R' and R? are, independently, substituents that can be
hydrogen, alkyl or aryl, including, but not limited to cyclic, linear or branched, saturated
or unsaturated, aromatic or heteroaromatic, or a combination thereof; and R*and R? are,
independently, spacer elements, which can be null, alkyl or aryl, including, but not
limited to cyclic, linear or branched, saturated or unsaturated, aromatic or heteroaromatic,

or a combination thereof.
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SQ, K
SO, K

0) 0)

1 2

RTN\RS \—p
NH NH
L,
0) 0)

Iv.

In another embodiment, the degradable linking agent includes one or more ester
bonds. Esters can be hydrolyzed to the parent carboxylic acid and an alcohol under
acidic or basic conditions. An example of a linker with a degradable ester bond is shown

5  informula V and VI.

10
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V.
SO, Na'
Na SO,
0
e
—R
/
0=C¢
\, | \
R —X O
4
X R
VI

5 wherein X' and X? include, independently, one or more photoreactive groups, including

but not limited to aryl ketone photoreactive groups, such as acetophenone, benzophenone,
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anthraquinone, anthrone, anthrone-like heterocycles, their substituted derivatives or a
combination thereof;, and Rl, R2, are, independently, spacer elements, which can be null,
alkyl or aryl, including, but not limited to cyclic, linear or branched, saturated or
unsaturated, aromatic or heteroaromatic, or a combination thereof. R? and R? are,
independently, spacer elements, which can be null, a heteroatom, including, but not
limited to O, N or S, alkyl or aryl, including, but not limited to cyclic, linear or branched,
saturated or unsaturated, aromatic or heteroaromatic, or a combination thereof.

In another embodiment, the degradable linking agent includes one or more
thiocarbamate bonds. Thiocarbamates are carbamates in which the C=0 group has been
replaced by a C=S group. One example of a degradable linker with a thiocarbamate bond

can be represented by formula VII:

SO, Na
Na+
|
—O0—pR /Rl
NH O
\ \
S=C
/ \
X
/
R
\,

VIIL.
wherein X' and X? include, independently, one or more photoreactive groups, including

but not limited to aryl ketone photoreactive groups, such as acetophenone, benzophenone,
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anthraquinone, anthrone, anthrone-like heterocycles, their substituted derivatives or a
combination thereof; R' and R? are, independently, spacer elements, which can be null, a
heteroatom, including, but not limited to O, N or S, alkyl or aryl, including, but not
limited to cyclic, linear or branched, saturated or unsaturated, aromatic or heteroaromatic,
or a combination thereof; and R? and R* are, independently, spacer elements, which can
be null, alkyl or aryl, including, but not limited to cyclic, linear or branched, saturated or
unsaturated, aromatic or heteroaromatic, or a combination thereof.

In some embodiments, a separate material can be disposed in a layer over the first
material or portion. Referring now to FIG. 8, a cross-sectional schematic view of a
spacing element 800 is shown in accordance with various embodiments herein. The
spacing element 800 can include an inner portion 802 including a first material. The
inner portion 802 can define a central lumen 804. The spacing element 800 can also
include an outer portion 806 including a second material. The outer portion 806 can be
continuous or discontinuous over the surface of the spacing element 800 (for example,
the outer portion can have discontinuities such as pores or openings). The outer portion
806 can include a water permeable material. The outer portion 806 can include a
lubricious coating. In some embodiments the outer portion 806 can include a layer of
flashspun high-density polyethylene fibers. In some embodiments the outer portion 806
can include a layer of expanded polytetrafluoroethylene (¢ePTFE). In some embodiments,
the outer portion 806 can include a layer of graphene. In some embodiments, the outer
portion 806 can include a layer of graphene with a modifying compound covalently
bonded thereto. For example, a linking agent can be covalently bonded to the graphene
and to another compound having desired functional properties thereby providing the
graphene surface with those properties.

In some embodiments, the spacing elements can define a volume that can be filled
with another components, can be inflated with air or a liquid, or that can be used to retain
absorbed exudate (for example, as a fluid sequestering agent), and/or and antimicrobial
agent. In some embodiments, the interior of the spacing elements is hollow. Referring
now to FIG. 9, a cross-sectional schematic view of a spacing element 900 in accordance
with various embodiments herein is shown. The spacing element 900 can include an

outer layer 922 and an inner layer 924 that are separate from one another in cross-section
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such that they define a volume 928. The inner layer 924 can define a central lumen 926.
In some embodiments, the outer layer 922 can include a material with elastomeric
properties (for example, but not limited to, polyurethane) such that it can expand in size
in response to the volume being filled with a fluid (such as air or a liquid) or other matter
(such as a dispersion).

In some embodiments, the spacing element can define a volume that can be filled
with a material that aids in absorbing exudate. Referring now to FIG. 10, a cross-
sectional schematic view of a spacing element 1000 in accordance with various
embodiments herein is shown. The spacing element 1000 can include an outer layer
1022 and an inner layer 1024 that are separate from one another in cross-section such that
they define a volume 1028. The inner layer 1024 can define a central lumen 1026. In
this embodiment, a plurality of hollow fibers 1030 are disposed within the volume 1028.
In some embodiments, the hollow fibers can be a polysulfone polymer.

In some embodiments, the spacing elements can include one or more interior
volumes other than the central lumen. Referring now to FIG. 11 a cross-sectional
schematic view of a spacing element 1100 is shown in accordance with various
embodiments herein. The spacing element 1100 is shown including a portion 1102
surrounding a central lumen 1104. The spacing element 1100 can further include a
plurality of interior volumes 1132 that can be used to store exudate or can be filled with
another material.

In addition, various other elements can be disposed within spacing elements. By
way of example, in some embodiments a radio frequency identification device (RFID)
can be disposed within a spacing element. In some embodiments a metal, such as a
ferrous metal, can be disposed within a spacing element. In some embodiments a
radiopaque material can be disposed within a spacing element. These exemplary
elements, disposed within spacing elements, can be useful for detection and/or retrieval
of wound packing devices from wounds.

Referring now to FIG. 12, a cross-sectional schematic view of a connector 1200 is
shown in accordance with various embodiments herein. The connector 1200 can include

a wall member 1202. The wall member 1202 can define a central lumen 1204. However,
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in other embodiments, the connector 1200 is solid in cross-sectional. In some
embodiments, a material can be disposed within the lumen of the connector.

Referring now to FIG. 13, a cross-sectional schematic view of a connector 1300
in accordance with various embodiments herein. The connector 1300 can include a wall
member 1302 defining a central lumen 1304. A material 1334 can be disposed within the
lumen 1304. By way of example, the material 1334 can include absorbent materials. In
some embodiments the material 1334 can include superabsorbent materials. In some
embodiments, calcium chloride can be disposed within the lumen 1304.

In some embodiments, the connector can be in fluid communication with one or
more of the spacing elements such that fluid from one or more spacing elements can be
transferred to the connector. In some embodiments the lumen of the connector is
accessible from an end of the connector providing fluid communication between one or
more of the spacing elements and the end of the connector. Exemplary fluid
communication can provide for a negative pressure, or a suction, to remove exudate from
the wound. Additionally, the wound can be covered, for example, with an adhesive film,
such as a transparent dressing (TEGADERM ™ Dressing, available from 3M Company,
St. Paul, MN) to impart negative pressure over the entire aspect of the wound, and not
just on the wound exudate.

Other embodiments can include applying a gas-impermeable wound dressing
barrier over the wound and wound packing device. The method can further include
regulating the negative pressure applied to the wound bed via the connector(s) and/or
spacer(s) and for the degree of exudate removal achieved. The magnitude of negative
pressure applied can also be further optimized for a particular tissue response and wound
healing.

In yet other embodiments, the method can include putting a wound dressing that
is a gas-permeable sterile barrier over the wound and previously placed wound packing
device. The method can further include regulating the magnitude of vacuum or negative
pressure applied to the connector(s) and spacer(s). In this example, the resulting pressure
throughout the wound bed will be essentially atmospheric pressure or slightly less, and

the degree of exudate removal may be independently controlled and optimized.
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In some embodiments, the connector can include a core and a layer of a material
disposed over the core. Referring now to FIG. 14, a cross-sectional schematic view is
shown of a connector 1400 in accordance with various embodiments herein. The
connector 1400 can include a core 1436 and a layer 1402 disposed over the core 1436. In
some embodiments, layer 1402 is a porous sleeve. In some embodiments layer 1402 can
include a lubricious coating. In some embodiments layer 1402 can include a layer of
flashspun high-density polyethylene fibers. In some embodiments layer 1402 can include
a layer of polytetrafluoroethylene (PTFE).

It will be appreciated that spacing elements in accordance with embodiments
herein can take on various shapes and sizes. By way of example, the spacing elements
can be spherical, ovoid, toroidal, cubic, or the like. Referring now to FIG. 15, a
schematic view is shown of a spacing element 1502 in accordance with various
embodiments herein. The spacing element is shown attached to a connector 1504.
Referring now to FIG. 16, a schematic view is shown of a spacing element 1602 in
accordance with various embodiments herein. In this view, the spacing element 1602 is
shown attached to a connector 1604.

Referring now to FIG. 17, a schematic view is shown of a connector 1704 and
spacing element 1702 in accordance with various embodiments herein. The spacing
element can include an aperture 1738. An end portion 1740 of the connector 1704 can fit
within the aperture 1738 of an adjacent spacing element. In some embodiments, the end
portion of a connector segment can be retained within the aperture of an adjacent spacing
clement. By way of example, a friction-fit retention mechanism can be used to retain the
end portion of the connector segment within the aperture. In this manner, multiple
connector segment and spacing element pairs can be attached together to form a wound
packing device.

Referring now to FIG. 18, a schematic view is shown of connector segments and
spacing elements attached to one another to form a wound packing device 1800 in
accordance with various embodiments herein. This embodiment can allow for
customization of size of the wound packing device 1800. In specific, a first connector
segment and spacing element pair 1802 is attached to a second connector segment and

spacing element pair 1804, which it turn is attached to another connector segment and
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spacing element pair 1806. In actual use, any desired number of connector segment and
spacing element pairs can be attached together. For example, in some embodiments from
three to sixty pairs can be attached together.

In some embodiments, indicia can be disposed on portions of the wound packing
device. By way of example, indicia, such as specific coloration, letters, numbers,
embossed surface characterizations, or combinations thereof can be disposed on spacing
elements. Such indicia can be useful for various purposes. The indicia can allow an end
user to more easily track the number of spacing elements being used, or to more quickly
identify a default number of spacing elements by sight and/or feel. For example, every
10™ spacing element can be a different color in some embodiments. In some
embodiments, a material can be used to form color on the spacing element that will
change with time so as to indicate to a user when the device should be exchanged for a
new device. In some embodiments, the color is configured to change with time. In some
embodiments, the color is configured to change with the amount of exudate absorbed.
Referring now to FIG. 19, a schematic view is shown of a wound packing device 1900 in
accordance with various embodiments herein. The wound packing device 1900 includes
a plurality of spacing elements 1902 attached together with a connector 1904. The
wound packing device 1900 can also include a first colored spacing element 1940 and a
second colored spacing element 1942. In some embodiments, the first colored spacing
element 1940, second colored spacing element 1942, and other spacing elements 1902 are
all different colors. In some embodiments, the first colored spacing element 1940 and the
second colored spacing element 1942 are the same color. In yet other embodiments the
first colored spacing element 1940 and second colored spacing element 1942 can have an
embossed surface, whereas other spacing elements 1902 can have a smooth surface.

In some embodiments, spacing elements can be disposed together within a
container, such as a bag, to form a wound packing device. Referring now to FIG. 20, a
schematic view is shown of wound packing device 2000 including a plurality of spacing
elements 2002 disposed within a container 2044. In some embodiments the container
2044 can be a water permeable bag. The container can enclose a space 2046 and the

spacing elements 2002 can be within the space 2046. In some embodiments, the spacing
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elements 2002 can be attached to one another with a connector. In other embodiments,
the connector can be absent.

In some embodiments, other materials can be packed along with the spacing
elements and/or connector. By way of example, in some embodiments, the spacing
elements can be packed with a paste inside of a bag or container. In some embodiments,
the spacing elements are removed from the container before insertion into a wound bed,
in other embodiments the spacing elements stay in the container and the combination is
inserted into the wound bed. Referring now to FIG. 21, a schematic view is shown of a
wound packing device 2100 including plurality of spacing elements 2102 disposed with a
packing material 2150 inside of a container 2148. In some embodiments, the container
2148 can include an egress neck 2152 which can be opened to form an orifice through
which the materials can be dispensed out of the container 2148 and into a wound bed. In
yet other embodiments the egress neck 2152 can be an extended cannula through which
the wound packing device 2100 can be delivered into a deep wound or fistula.

In some embodiments, wound packing kits are included. By way of example, kits
can include a plurality of spacing elements, the spacing elements comprising a surface
that resists colonization by microorganisms, the plurality of spacing elements configured
to absorb exudate. The kits can also include a connector for connecting the plurality of
spacing elements to one another. The connector comprising a fitting to allow for the
number of spacing elements connected to one another by the connector to be modified by

an end user.

Methods

In some embodiments, a method of making a wound packing device is included.
The method can include forming a plurality of spacing elements. It will be appreciated
that are many different techniques that can be used to form spacing elements in
accordance with embodiments herein. In some embodiments, the spacing elements can
be molded, sprayed, dipped, and the like. In some cases, depending on the polymers
used, the composition will also include a solvent. In other embodiments, the composition
can be solventless before forming into a spacing element. In some embodiments,

manufacturing can include a number of steps. For example, the inner region or core of
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the spacing element can be formed in a first operation and then a layer of material can be
disposed on top of the inner region. The method can also include an operation of
mounting a plurality of spacing elements on a connector. Mounting can include forming
the spacing elements in place on the connector. Mounting can also include threading the
spacing elements onto the connector. In some embodiments, an adhesive can be used to
retain the spacing elements in place on the connector. In other embodiments, spacing
elements can be retained in place through a friction fit. In some embodiments, the
method can include an operation of inflating the spacing elements.

In some embodiments, a method of treating wounds is included. The method can
include dispensing a wound packing device from a sterile package. In some
embodiments, dispensing can include removing a portion of spacing elements from a
multi-segment package, such that other portions remain unopened and sterile. In some
embodiments, dispensing can include counting the number of spacing elements. In some
embodiments dispensing can include cutting the connector, or otherwise separating a
portion of the connector, in order to prepare a desired number of spacing elements for
insertion into a wound bed. The method can further include inserting the wound packing
device into a wound bed. In some embodiments, the method can further include putting a
wound dressing over the wound packing device. In some embodiments, the method can
also include attaching a vacuum system (or another device that can generate a negative
air pressure) to the wound packing device. By way of example, a vacuum system can be
put in fluid communication with the connector, which can transfer exudate away from the
spacing devices.

It should be noted that, as used in this specification and the appended claims, the

singular forms "a," "an," and "the" include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to a composition containing "a
compound" includes a mixture of two or more compounds. It should also be noted that
the term “or” is generally employed in its sense including “and/or” unless the content
clearly dictates otherwise.

It should also be noted that, as used in this specification and the appended claims,
the phrase “configured” describes a system, apparatus, or other structure that is

constructed or configured to perform a particular task or adopt a particular configuration
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to. The phrase "configured" can be used interchangeably with other similar phrases such
as arranged and configured, constructed and arranged, constructed, manufactured and
arranged, and the like.

All publications and patent applications in this specification are indicative of the
level of ordinary skill in the art to which this invention pertains. All publications and
patent applications are herein incorporated by reference to the same extent as if each
individual publication or patent application was specifically and individually indicated by
reference.

The invention has been described with reference to various specific and preferred
embodiments and techniques. However, it should be understood that many variations and

modifications may be made while remaining within the spirit and scope of the invention.
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The Claims Are:

1. A wound packing device comprising:

a plurality of spacing elements, wherein the surface of the spacing elements resist
colonization by microorganisms;

a connector connecting the plurality of spacing elements to one another; and

wherein the plurality of spacing elements are capable of absorbing exudate.

2. The wound packing device of any of claims 1 and 3-68, the surface of the spacing

elements exhibiting antimicrobial activity.

3. The wound packing device of any of claims 1-2 and 4-68, the surface of the

spacing elements comprising silver ions.

4. The wound packing device of any of claims 1-3 and 5-68, the surface of the

spacing elements comprising quaternary amines.

5. The wound packing device of any of claims 1-4 and 6-68, the surface of the

spacing elements comprising tobramycin.

6. The wound packing device of any of claims 1-5 and 7-68, comprising from 4 to

50 spacing elements.

7. The wound packing device of any of claims 1-6 and 8-68, wherein the distance
between adjacent spacing elements along the connector is at least equal to the largest

dimension of the spacing elements.

8. The wound packing device of any of claims 1-7 and 9-68, wherein the distance
between adjacent spacing elements along the connector is at least equal to the diameter of

the spacing elements.
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9. The wound packing device of any of claims 1-8 and 10-68, the spacing elements

disposed along the connector in series with one another.

10. The wound packing device of any of claims 1-9 and 11-68, the spacing elements
disposed along the connector such that one or more spacing elements are disposed in

parallel with one or more other spacing elements.

11. The wound packing device of any of claims 1-10 and 12-68, the spacing elements

comprising a substantially spherical shape.

12. The wound packing device of any of claims 1-11 and 13-68, the spacing elements

comprising a substantially ovoid shape.

13. The wound packing device of any of claims 1-12 and 14-68, the spacing elements

comprising an irregular shape.

14. The wound packing device of any of claims 1-13 and 15-68, the spacing elements

comprising a grooved surface.

15. The wound packing device of any of claims 1-14 and 16-68, the spacing elements

comprising a deformable surface.

16. The wound packing device of any of claims 1-15 and 17-68, each spacing element

having a diameter of about 0.5 mm to about 25 mm.
17. The wound packing device of any of claims 1-16 and 18-68, each spacing element

capable of absorbing an amount of exudate equal to at least the weight of the spacing

element.

49



WO 2014/062839 PCT/US2013/065297

18. The wound packing device of any of claims 1-17 and 19-68, wherein the spacing

elements are swellable.

19. The wound packing device of any of claims 1-18 and 20-68, wherein the spacing

elements are hollow.

20. The wound packing device of any of claims 1-19 and 21-68, the spacing element

comprising a polymer.

21. The wound packing device of any of claims 1-20 and 22-68, the polymer selected

from the group consisting of polyacrylic acid and polysaccharides.

22. The wound packing device of any of claims 1-21 and 23-68, the spacing elements
defining a central lumen, the connector passing through the lumen of the spacing

clements.
23. The wound packing device of any of claims 1-22 and 24-68, the spacing elements
comprising a core and an outer layer disposed on the outside surface of the core, the outer

layer comprising a water permeable material.

24. The wound packing device of any of claims 1-23 and 25-68, the spacing element

comprising a plurality of pores.

25. The wound packing device of any of claims 1-24 and 26-68, the spacing element

comprising a fluid sequestering agent.

26. The wound packing device of any of claims 1-25 and 27-68, the connector

comprising a flexible material.

27. The wound packing device of any of claims 1-26 and 28-68, further comprising a

porous sleeve disposed over the connector.
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28. The wound packing device of any of claims 1-27 and 29-68, the connector

configured to directly absorb exudate.

29. The wound packing device of any of claims 1-28 and 30-68, the connector

comprising a diameter of about 0.1 mm to about 2 mm.

30. The wound packing device of any of claims 1-29 and 31-68, the connector

comprising a length of about 5 cm to about 200 cm.

31. The wound packing device of any of claims 1-30 and 32-68, wherein the wound

packing device is sufficiently flexible to be bent into a U-shape.

32. The wound packing device of any of claims 1-31 and 33-68, the connector
comprising a polymer selected from the group consisting of polyamide and poly(methyl

methacrylate).

33. The wound packing device of any of claims 1-32 and 34-68, wherein the
connector is in fluid communication with one or more of the spacing elements such that

fluid from the one or more spacing elements can be transferred to the connector.

34. The wound packing device of any of claims 1-33 and 35-68, the connector

comprising a lumen.

35. The wound packing device of any of claims 1-34 and 36-68, wherein the lumen of
the connector is in fluid communication with one or more of the spacing elements such
that fluid from the one or more spacing elements can be transferred to the lumen of the

connector.
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36. The wound packing device of any of claims 1-35 and 37-68, wherein the lumen of
the connector is accessible from an end of the connector providing fluid communication

between one or more of the spacing elements and the end of the connector.

37. The wound packing device of any of claims 1-36 and 38-68, further comprising

calcium chloride disposed within the connector.

38. The wound packing device of any of claims 1-37 and 39-68, the end of the

connector comprising a fitting to facilitate connection with another structure.

39. The wound packing device of any of claims 1-38 and 40-68, an end of the

connector comprising a loop to fit over a spacing element.

40. The wound packing device of any of claims 1-39 and 41-68, the fitting

comprising a compression tube fitting, a luer fitting or taper fitting.

41. The wound packing device of any of claims 1-40 and 42-68, further comprising a

fluid reservoir in fluid communication with one or more spacing elements.

42. The wound packing device of any of claims 1-41 and 43-68, the fluid reservoir

disposed inside of a spacing element.

43. The wound packing device of any of claims 1-42 and 44-68, the fluid reservoir

disposed outside of the spacing elements.

44. The wound packing device of any of claims 1-43 and 45-68, further comprising a

fluid reservoir in fluid communication with the connector.

45. The wound packing device of any of claims 1-44 and 46-68, further comprising a

lubricious coating disposed on the spacing elements.
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46. The wound packing device of any of claims 1-45 and 47-68, further comprising a

lubricious coating disposed on the connector.

47. The wound packing device of any of claims 1-46 and 48-68, further comprising a
layer of flashspun high-density polyethylene fibers disposed over the spacing elements

and connector.

48. The wound packing device of any of claims 1-47 and 49-68, further comprising a

polytetrafluoroethylene layer disposed over the spacing elements and connector.

49. The wound packing device of any of claims 1-48 and 50-68, further comprising a

layer of graphene disposed over the spacing elements.
50. The wound packing device of any of claims 1-49 and 51-68, further comprising a
layer of graphene disposed over the spacing elements, further comprising a modifying

agent covalently bonded to the graphene.

51. The wound packing device of any of claims 1-50 and 52-68, further comprising
an RFID device.

52. The wound packing device of any of claims 1-51 and 53-68, the connector

comprising a plurality of segments that are interconnected to one another.

53. The wound packing device of any of claims 1-52 and 54-68, the plurality of

segments interconnected to one another through a friction fit mechanism.

54. The wound packing device of any of claims 1-53 and 55-68, wherein the spacing

elements are inflatable.

55. The wound packing device of any of claims 1-54 and 56-68, wherein an

antimicrobial agent is disposed within the inflatable spacing elements.
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56. The wound packing device of any of claims 1-55 and 57-68, further comprising

hollow fibers disposed within the spacing elements.

57. The wound packing device of any of claims 1-56 and 58-68, the hollow fibers

comprising a polysulfone polymer.

58. The wound packing device of any of claims 1-57 and 59-68, the spacing elements

comprising a polyurethane foam.

59. The wound packing device of any of claims 1-58 and 60-68, further comprising

an inflatable balloon.

60. The wound packing device of any of claims 1-59 and 61-68, further comprising a

paste, the paste disposed around the spacing elements.

61. The wound packing device of any of claims 1-60 and 62-68, the paste, spacing

elements, and connector disposed together within a container.

62. The wound packing device of any of claims 1-61 and 63-68, further comprising a

metal within the spacing elements or the connector.

63. The wound packing device of any of claims 1-62 and 64-68, the metal comprising

a ferrous metal.

64. The wound packing device of any of claims 1-63 and 65-68, wherein the spacing

elements are colored, including at least two different colors amongst the beads.

65. The wound packing device of any of claims 1-64 and 66-68, wherein the color of

the spacing elements changes according to the amount of exudate absorbed.
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66. The wound packing device of any of claims 1-65 and 67-68, further comprising

indicia on the spacing elements to distinguish one from another.

67. The wound packing device of any of claims 1-66 and 68, further comprising a

modifying agent covalently bonded to the surface of the spacing elements.

68. The wound packing device of any of claims 1-67, further comprising a radiopaque

material.

69. A wound packing device comprising:
a plurality of spacing elements, wherein the surface of the spacing elements resist
colonization by microorganisms; and

a container, the plurality of spacing element disposed within the container.

70. The wound packing device of any of claims 69 and 71, the container comprising a

bag.

71. The wound packing device of any of claims 69-70, wherein the bag is fluid

permeable.

72. A method of making a wound packing device comprising:
forming a plurality of spacing elements, the spacing elements comprising a surface
that resists colonization by microorganisms; and

mounting a plurality of spacing elements on a connector.

73. The method of any of claims 72 and 74, wherein the steps of forming and

mounting comprise molding the plurality of spacing elements onto the connector.

74. The method of any of claims 72-73, further comprising inflating the spacing

elements.
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75. A wound packing kit comprising:

a plurality of spacing elements, the spacing elements comprising a surface that resists
colonization by microorganisms, the plurality of spacing elements configured to absorb
exudate;

a connector connecting the plurality of spacing elements to one another; the connector
comprising a fitting to allow for the number of spacing elements connected to one

another by the connector to be modified by an end user.

76. A method of treating wounds comprising:

dispensing a wound packing device from a sterile package, the wound packing device
comprising a plurality of spacing elements, the spacing elements comprising a surface
that resists colonization by microorganisms, the plurality of spacing elements configured
to absorb exudate, and a connector connecting the plurality of spacing elements to one
another; and

inserting the wound packing device into a wound bed.

77. The method of any of claims 76 and 78, further comprising counting the number

of spacing elements put in a wound bed.

78. The method of any of claims 76-77, further comprising inflating the spacing

elements.
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