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Description

BACKGROUND

Technical Field

[0001] The present disclosure relates to methods of making implantable medical devices having a coating that reduces
inflammatory response to the implantable medical device.

Background of Related Art

[0002] Implantable medical devices are formed from a variety of different biodegradable and non-biodegradable ma-
terials. Non-biodegradable devices offer increased strength and support however, the permanency of these devices can
induce inflammatory responses over the short and long term which affects the durability of the repair. Regarding long
term performances non-absorbable polymer devices can induce chronic inflammatory responses which increase the
risk of infection.
[0003] Accordingly, it would be beneficial to provide a medical device which includes a coating that reduces inflam-
matory response to the device.
[0004] Document US2005/0032081 discloses a method for covalently affixing a biomolecule to a solid surface com-
prising contacting a biomolecule having an azido group with a solid surface having an alkynyl group. Document WO
2008/000429 discloses a macromer linked to a carrier via hydrophilic groups. US 2003/0215801 discloses a method for
immobilizing a derivatized molecule to a derivatized support via a cycloaddition reaction. WO 2007/0142683 describes
polymer molecules comprising a polymeric core and endgroups that may be linked to the polymeric core via hydrophobic
chains. US 4326532 describes a process for rendering the surface of a polymer antithrombogenic using a chitosan coating.

SUMMARY

[0005] A first aspect of the invention is an implantable medical device comprising a non-bioabsorbable polymeric
substrate having a coating, the coating comprising an amphiphilic compound having a polymeric hydrophilic portion and
a polymeric hydrophobic portion, the polymeric hydrophobic portion of the amphiphilic compound being covalently bonded
to the non-bioabsorbable polymeric substrate, wherein the surface of the non-bioabsorbable substrate has a first reactive
member attached thereto and the polymeric hydrophobic portion of the amphiphilic compound has a second reactive
member attached thereto, said first reactive member and second reactive member being able to specifically interact
together to covalently bond the polymeric hydrophobic portion of the amphiphilic compound to the non-bioabsorbable
polymeric substrate, wherein said first and second reactive members are able to interact together according to a reaction
selected from the group consisting in Huisgen cycloaddition, Diels-Alder reactions, thiol-alkene reactions and maleimide-
thiol reactions, wherein the hydrophilic portion is derived from a chitosan oligomer having a low degree of acetylation,
ranging from 0 to 50 %, and the hydrophobic portion is derived from a chitosan oligomer having a higher degree of
acetylation, greater than 50%.
[0006] By "non bioabsorbable" material or substrate is meant, according to the present application a material or
substrate that is not substantially resorbed by biological tissues and surrounding fluids, after 2 years and more, keeping
in particular most (e.g., > 80 %) of its mechanical properties after such a time.
[0007] A further aspect of the invention is method of providing an implantable medical device comprising a non-
bioabsorbable polymeric substrate with an amphiphilic coating comprising functionalizing at least a portion of the non-
bioabsorbable polymeric substrate with a first reactive member and reacting the functionalized portion of the non-
bioabsorbable polymeric substrate with an amphiphilic compound having a polymeric hydrophobic portion and a polymeric
hydrophilic portion, the polymeric hydrophobic portion including a second reactive member that is complementary to the
first reactive member, wherein said first and second reactive members are able to interact together according to a
reaction selected from the group consisting in Huisgen cycloaddition, Diels-Alder reactions, thiol-alkene reactions and
maleimide-thiol reactions, wherein the hydrophilic portion is derived from a chitosan oligomer having a low degree of
acetylation, ranging from 0 to 50 %, and the hydrophobic portion is derived from a chitosan oligomer having a higher
degree of acetylation, greater than 50%.
[0008] The surface of the non-bioabsorbable substrate has a first reactive member attached thereto and the hydro-
phobic portion of the amphiphilic compound has a second reactive member attached thereto, said first reactive member
and second reactive member being able to specifically interact together to covalently bond the hydrophobic portion of
the amphiphilic compound to the non-bioabsorbable polymeric substrate.
[0009] In the present application, the expressions "has attached thereto", "is functionalized", "includes" applied to the
polymeric non-bioabsorbable device or the amphiphilic compound, in particular its hydrophobic portion, in relation with
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a reactive member or a functionality are used interchangeably to mean that the polymeric non-bioabsorbable device,
the amphiphilic compound, in particular its hydrophobic portion, include said reactive member or functionality.
[0010] In embodiments, the first reactive member is a nucleophilic functional member and the second reactive member
is an electrophilic functional member.
[0011] The first and second reactive members are able to interact together according to a reaction selected from the
group consisting in Huisgen cycloaddition, Diels-Alder reactions, thiol-alkene reactions and maleimide-thiol reactions.
[0012] For example, the first reactive member maybe an alkyne and the second reactive member may be an azide.
Alternatively, the first reactive member may be an azide and the second reactive member may be an alkyne.
[0013] The hydrophilic portion is derived from a chitosan oligomer having a low degree of acetylation, ranging from
about 0 to about 50 %, and the hydrophobic portion is derived from a chitosan oligomer having a higher degree of
acetylation, greater than about 50%.
[0014] In an alternative example, the hydrophobic portion is derived from a chitosan oligomer having a low degree of
acetylation, ranging from about 0 to about 50%, and the hydrophilic portion is derived from a hyaluronic acid oligomer
or alginate oligomer which under pH>7.5 conditions displays a negative charge.
[0015] Also described is a method of reducing an inflammatory response to a non-bioabsorbable medical device, the
method comprising:

providing a coating on the medical device by reacting 1) a non-bioabsorbable polymeric substrate functionalized
with a first reactive member with 2) an amphiphilic compound having a hydrophobic portion and a hydrophilic portion,
the hydrophobic portion including a second, complementary reactive member.

[0016] Implantable medical devices are described herein which include a non-bioabsorbable polymeric substrate
having a surface to which a inflammatory response-reducing coating is attached. The inflammatory response-reducing
coating includes an amphiphilic compound - - that is, a compound having a hydrophilic portion and a hydrophobic portion.
The hydrophobic portion of the amphiphilic compound is functionalized with a reactive member that reacts with a reactive
member on a functionalized surface of the non-bioabsorbable polymeric substrate. In this manner, the hydrophobic
portion of the amphiphilic compound is covalently bound to a surface of the implantable medical device.
[0017] Methods of making such medical devices are described herein which include reacting a functionalized surface
of the non-bioabsorbable polymeric substrate with an amphiphilic compound having a functionalized hydrophobic portion.
In embodiments, the surface of the non-bioabsorbable polymeric substrate and the hydrophobic portion of the amphiphilic
compound are functionalized with reactive members involved in click chemistry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Figure 1 schematically illustrates a medical device in accordance with an embodiment described herein.

Figure 2 schematically illustrates the effect of implantation on the embodiment of Figure 1.

Figure 3 schematically illustrates a medical device having an activated surface and an activated amphiphilic com-
pound.

Figure 4 schematically illustrates the medical device shown in Figure 3 having the amphiphilic compound covalently
bonded thereto.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0019] Implantable medical devices in accordance with the present disclosure include a non-bioabsorbable polymeric
substrate having a surface to which a inflammatory response-reducing coating containing an amphiphilic compound is
covalently bound. At least a portion of a surface of the non-bioabsorbable polymeric substrate is functionalized with a
first reactive member and the hydrophobic portion of the amphiphilic compound is functionalized with a second reactive
member that is reactive with the first reactive member on the surface of the non-bioabsorbable polymeric substrate. The
first and second reactive members react to covalently bond the hydrophobic portion of the amphiphilic compound to the
surface of the non-bioabsorbable polymeric substrate.
[0020] Turning now to Figure 1, medical device 10, has a non-bioabsorbable polymeric substrate shown as a single
fiber or monofilament 15 having coating 20 that includes an amphiphilic compound having hydrophilic portion 30 and
hydrophobic portion 40 wherein hydrophobic portion 40 is covalently attached to substrate 15. Hydrophilic portion 30 of
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amphiphilic coating 20 is positioned away from substrate 15 and provides an environment favorable for cellular attachment
and infiltration. Hydrophobic portion 40 is positioned nearest substrate 15and provides a barrier preventing water diffusion
and also cell attraction to substrate 15, thereby retarding the degradation of medical device 10 and increasing the in
vivo persistence of medical device 10.
[0021] As shown in Figure 2, hydrophobic portion 40 of amphiphilic compound 20 collapses along the surface of
substrate 15following implantation and prevents cellular migration during the early stages of the healing process and
thereby reducing any inflammatory response. By limiting the inflammatory response during the early phases of the
healing process, the long term performance of the implant is improved.

The Polymeric Substrate

[0022] The substrate of the medical devices described herein may be made from any non-bioabsorbable polymer.
The non-bioabsorbable polymer may be a homopolymer or a copolymer, including random copolymer, block copolymer,
or graft copolymer. The non-bioabsorbable polymer may be a linear polymer, a branched polymer, or a dendrimer. The
non-bioabsorbable polymers may be of natural or synthetic origin. Examples of suitable non-bioabsorbable polymers
include, but are not limited to fluorinated polymers (e.g.fluoroethylenes, propylenes, fluoroPEGs), polyolefins such as
polyethylene, polyesters such as poly ethylene terepththalate (PET), polypropylene, cellulose, polytetrafluoroethylene
(PTFE), nylons, polyamides, polyurethanes, silicones, ultra high molecular weight polyethylene (UHMWPE), polybut-
esters, polyaryletherketone, copolymers and combinations thereof.
[0023] The non-bioabsorbable polymeric substrate may be fabricated into any desired physical form. The polymeric
substrate may be fabricated for example, by spinning, casting, molding or any other fabrication technique known to those
skilled in the art. The polymeric substrate may be made into any shape, such as, for example, a fiber, sheet, rod, staple,
clip, needle, tube, foam, or any other configuration suitable for a medical device. Where the polymeric substrate is in
the form of a fiber, the fiber may be formed into a textile using any known technique including, but not limited to, knitting,
weaving, tatting and the like. It is further contemplated that the polymeric substrate may be a non-woven fibrous structure.
[0024] The present non-bioabsorbable polymeric substrate having a coating containing an amphiphilic compound may
be used as any medical device suitable for implantation. Some nonlimiting examples include monofilaments, multifila-
ments, surgical meshes, ligatures, sutures, staples, patches, slings, foams, pellicles, films, barriers, and the like.

The Amphiphilic Compound

[0025] The amphiphilic compound includes at least one portion which is hydrophilic and at least one portion which is
hydrophobic. The terms "hydrophilic" and "hydrophobic" are generally defined in terms of a partition coefficient P, which
is the ratio of the equilibrium concentration of a compound in an organic phase to that in an aqueous phase. A hydrophilic
compound has a log P value less than 1.0, typically less than about -0.5, where P is the partition coefficient of the
compound between octanol and water, while hydrophobic compounds will generally have a log P greater than about
3.0, typically greater than about 5.0.
[0026] Chitosan is a natural polysaccharide comprising copolymers of glucosamine and N-acetylglucosamine, and
can be obtained by the partial de-acetylation of chitin, from crustacean shells, the second most abundant natural polymer
after cellulose. The process of deacetylation involves the removal of acetyl members from the molecular chain of chitin,
leaving behind a complete amino member (-NH2) and chitosan versatility depends mainly on this high degree chemical
reactive amino members. As the degree of acetylation increases, the more hydrophobic the chitosan becomes. Con-
versely, as the degree of acetylation decreases, the more hydrophilic the chitosan becomes. Thus, chitosan oligmers
displaying different degrees of acetylation are combined to form an amphiphilic compound. Moreover, in some embod-
iments in which more than one oligosaccharide may be utilized to form the amphiphilic compound, the degree of acetylation
of the chitosan oligomers may be altered depending ion the hydrophilicity of the other oligosaccharides. For instance,
the amphiphilic compound includes a hydrophilic portion derived from a chitosan oligomer having a low degree of
acetylation, ranging from about 0 to about 50 %, and a hydrophobic portion derived from a chitosan oligomer having a
higher degree of acetylation, greater than about 50%.

Coating the Polymer Substrate with the Amphiphilic Compound

[0027] In order to covalently bond the amphiphilic compound to the surface of the non-bioabsorbable polymeric sub-
strate, the surface of the non-bioabsorbable polymeric substrate is functionalized with a first reactive member and the
hydrophobic portion of the amphiphilic compound is functionalized with a second reactive member. The first and second
reactive members are complementary. By "complementary" it is meant that the first and second reactive members are
able to specifically interact together to covalently bond the amphiphilic compound to the functionalized polymer substrate.
[0028] The surface of the non-bioabsorbable polymeric substrate is functionalized with a first click-reactive member
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and the hydrophobic portion of the amphiphilic compound is functionalized with a second click-reactive member com-
plementary to the first click-reactive member. The "click-reactive members" are meant to include those reactive members
used in the processes known to those skilled in the art as Click chemistry.
[0029] Click chemistry refers to a collection of reactive members having a high chemical potential energy capable of
producing highly selective, high yield reactions. The reactive members react to form extremely reliable molecular con-
nections in most solvents, including physiologic fluids, and often do not interfere with other reagents and reactions.
Examples of click chemistry reactions include Huisgen cycloaddition, Diels-Alder reactions, thiol-alkene reactions, and
maleimide-thiol reactions.
[0030] Huisgen cycloaddition is the reaction of a dipolarophile with a 1,3-dipolar compound that leads to 5-membered
(hetero)cycles. Examples of dipolarophiles are alkenes and alkynes and molecules that possess related heteroatom
functional groups (such as carbonyls and nitriles). 1,3-Dipolar compounds contain one or more heteroatoms and can
be described as having at least one mesomeric structure that represents a charged dipole. They include nitril oxides,
azides, and diazoalkanes. Metal catalyzed click chemistry is an extremely efficient variant of the Huisgen 1,3-dipolar
cycloaddition reaction between alkyl-aryly-sulfonyl azides, C-N triple bonds and C-C triple bonds which is well-suited
herein. The results of these reactions are 1,2 oxazoles, 1,2,3 triazoles or tetrazoles. For example, 1,2,3 triazoles are
formed by a copper catalyzed Huisgen reaction between alkynes and alkyl/aryl azides. Metal catalyzed Huisgen reactions
proceed at ambient temperature, are not sensitive to solvents, i.e., nonpolar, polar, semipolar, and are highly tolerant
of functional groups. Non-metal Huisgen reactions (also referred to as strain promoted cycloaddition) involving use of
a substituted cyclooctyne, which possesses ring strain and electron-withdrawing substituents such as fluorine, that
together promote a [3+ 2] dipolar cycloaddition with azides are especially well-suited for use herein due to low toxicity
as compared to the metal catalyzed reactions. Examples include DIFO (difluorinated cyclooctyne) and DIMAC(6,7-
dimethoxyazacyclooct-4-yne). Reaction of the alkynes and azides is very specific and essentially inert against the chem-
ical environment of biological tissues. One reaction scheme may be represented as:

where R and R’ are a polymeric substrate or a amphiphilic compound.
[0031] The Diels-Alder reaction combines a diene (a molecule with two alternating double bonds) and a dienophile
(an alkene) to make rings and bicyclic compounds. Examples include:

[0032] The thiol-alkene (thiol-ene) reaction is a hydrothiolation, i.e., addition of RS-H across a C=C bond. The thiol-
ene reaction proceeds via a free-radical chain mechanism. Initiation occurs by radical formation upon UV excitation of
a photoinitiator or the thiol itself. Thiol-ene systems form ground state charge transfer complexes and therefore pho-
topolymerize even in the absence of initiators in reasonable polymerization times. However, the addition of UV light
increases the speed at which the reaction proceeds. The wavelength of the light can be modulated as needed, depending
upon the size and nature of the constituents attached to the thiol or alkene. A general thiol-ene coupling reaction
mechanism is represented below:
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[0033] In embodiments, the surface of the non-bioabsorbable polymeric substrate and the hydrophobic portion of the
amphiphilic compound are functionalized to include a first click-reactive member which is an alkyne and a second click-
reactive member which is an azide, respectively. In embodiments, the surface of the non-bioabsorbable polymeric
substrate and the hydrophobic portion of the amphiphilic compound are functionalized to include a first click-reactive
member which is an azide and a second click-reactive member which is an alkyne, respectively.
[0034] The first and second click-reactive members are intended to react and covalently bond the amphiphilic compound
to the functionalized surface of the non-bioabsorbable polymeric substrate at a physiologic pH. However, the first and
second click-reactive members may react quicker or more completely following the addition of a catalyst, such as a pH
modifier, a metal ion catalyst or the introduction of heat or radiation. In embodiments, the addition of UV radiation may
enhance the formation of a covalent bond between the first and second click-reactive members. The addition of a metal
catalyst, e.g., transition metal ions such as copper ions, may assist with the formation of a covalent bond between the
first and second click-reactive members.
[0035] As shown in Figure 3, non-bioabsorbable polymeric substrate 15 includes first reactive functional members, in
this case azide members 12. An amphiphilic compound having hydrophilic portion 30 and hydrophobic portion 40 wherein
hydrophobic portion 40 includes second reactive members, in this case alkyne members 42 are contacted with substrate
15 in solution under suitable reaction conditions. As those skilled in the art will recognize, reaction times between the
azide and alkyne members can be reduced from about 24 hours at room temperature to mere seconds at room temper-
ature by the presence of transition metal ions, such as copper ions.
[0036] As shown in Figure 4, after reaction non-bioabsorbable polymeric substrate 15 includes a coating of the am-
phiphilic compound having hydrophilic portion 30 extending away from substrate 15 and hydrophobic portion 40 covalently
bound to substrate 15 via a triazole linkage 50.

Functionalizing the Substrate and Amphiphilic Compound

[0037] The first and second reactive members may be positioned on the non-bioabsorbable polymeric substrate and
amphiphilic compound using any variety of suitable chemical processes. With respect to the first reactive members on
the non-bioabsorbable polymeric substrate, it is contemplated that a plurality of first reactive members may be present
and may be terminally located, or alternatively located along the length of the polymer chain.
[0038] For example, the monomers from which the non-bioabsorbable polymeric substrate is made can be function-
alized so that the reactive members appear along the length of the non-bioabsorbable polymer. In such embodiments,
the monomers can be initially functionalized with a member such as a halogen to provide a reactive site at which the
desired first reactive member can be attached after polymerization. For example, the halogenated polymer can be
reacted with sodium azide to provide azide groups along the polymer chain or with propagyl alcohol to provide alkyne
groups along the polymer chain. Alternatively, a pre-formed non-bioabsorbable polyester can be halogenated by reaction
with a non-nucleophilic strong base, such as lithium diisopropylamide, followed by electrophilic substitution with iodine
chloride. The halogenated polyester is then reacted with sodium azide or propagyl alcohol to provide azide or alkyne
groups, respectively.
[0039] In other embodiments, the non-bioabsorbable polymeric substrate is functionalized after it has been fabricated
into the desired form. For example, non-bioabsorbable polymeric fibers can be functionalized after the spinning process.
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In embodiments, the fibers are surface treated and then activated with the first reactive member (optionally with a coupling
agent (e.g., a silane coupling agent) being used). Surface activation of non-bioabsorbable and biocompatible aliphatic
polyesters can be achieved by acid or base hydrolysis, treatment by means of cold plasma, by chemical reactions or
electromagnetic radiations. It is contemplated that such surface activation can be performed before or after the fibers
are made into a textile structure.
[0040] Hydrolysis can be conducted in the presence of an aqueous solution of a base or an acid to accelerate surface
reaction, inasmuch as excessively long processes of activation can induce a reduction in molecular weight and thus in
the mechanical properties of the material. Suitable bases for obtaining watery solutions suited to the aim are, for example,
strong alkalis, such as LiOH, Ba(OH)2, Mg(OH)2, NaOH, KOH, Na2 CO3, Ca(OH)2 and the weak bases, such as for
example NH4 OH and the ammines such as methylamine, ethylamine, diethylamine and dimethylamine. Acids suitable
for surface hydrolysis treatments can be chosen, for example, from among HCl, HClO3, HClO4 H2 SO3, H2 SO4 H3 PO3,
H3 PO4 HI, HIO3, HBr, lactic acid, glicolic acid. Surface activation by means of hydrolysis can be conducted at temperatures
preferably comprised between 0 degrees Celsius and the material softening temperature. Plasma treatment can be
carried out both in the presence of a reactive gas, for example air, Ar, O2 with the formation of surface activation of
oxygenate type, such as -OH, -CHO, -COOH.
[0041] Surface treatment, whether hydrolytic or with plasma, can remain unaltered or can be followed by further
chemical modifications to provide the first reactive members on the non-bioabsorbable polymeric substrate. Thus, for
example, the COONa members generated by a base hydrolysis can be subsequently converted into COOH members
by treatment with strong mineral acids. Further, the surface freeing of alcoholic members by means of a hydrolysis
process can be followed by reaction by means of the addition of a compound provided with functional member or members
able to react with surface alcoholic members, such as for example by means of the addition of an anhydride such as
succinic anhydride, with the conversion of -OH members into-O-CO-CH2-CH2-COOH members. Suitable surface acti-
vation techniques are disclosed in U.S. Patent No. 6,107,453.
[0042] With respect to the hydrophobic portion of the amphiphilic compound, it is contemplated that one or more than
one second reactive members can be provided thereon. The process used to incorporate the second reactive members
on the hydrophobic portion of the amphiphilic compound will be chosen based upon the nature of the hydrophobic portion.
[0043] The second reactive members can be attached using the following reaction scheme as described in detail in
Zhang et al., Helvetica Chimica Acta - Vol. 91 pages 608-617(2008):

[0044] In embodiments, a plurality of different reactive members may be positioned on each of the non-bioabsorbable
polymeric substrate and amphiphilic compound.
[0045] Various modifications and variations of the polymers, amphiphilic compounds, medical devices, click-reactive
members and processes described herein will be apparent to those skilled in the art from the foregoing detailed description.
Such modifications and variations are intended to come within the scope of the following claims.

Claims

1. An implantable medical device comprising
a non-bioabsorbable polymeric substrate having a coating, the coating comprising an amphiphilic compound having
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a polymeric hydrophilic portion and a polymeric hydrophobic portion, the polymeric hydrophobic portion of the
amphiphilic compound being covalently bonded to the non-bioabsorbable polymeric substrate, wherein the surface
of the non-bioabsorbable substrate has a first reactive member attached thereto and the polymeric hydrophobic
portion of the amphiphilic compound has a second reactive member attached thereto, said first reactive member
and second reactive member being able to specifically interact together to covalently bond the polymeric hydrophobic
portion of the amphiphilic compound to the non-bioabsorbable polymeric substrate, wherein said first and second
reactive members are able to interact together according to a reaction selected from the group consisting in Huisgen
cycloaddition, Diels-Alder reactions, thiol-alkene reactions and maleimide-thiol reactions, wherein the hydrophilic
portion is derived from a chitosan oligomer having a low degree of acetylation, ranging from 0 to 50 %, and the
hydrophobic portion is derived from a chitosan oligomer having a higher degree of acetylation, greater than 50%.

2. The medical device according to claim 1, wherein the first reactive member is an alkyne and the second reactive
member is an azide.

3. The medical device according to claim 1, wherein the first reactive member is an azide and the second reactive
member is an alkyne.

4. A method of providing an implantable medical device comprising a non-bioabsorbable polymeric substrate with an
amphiphilic coating comprising functionalizing at least a portion of the non-bioabsorbable polymeric substrate with
a first reactive member and reacting the functionalized portion of the non-bioabsorbable polymeric substrate with
an amphiphilic compound having a polymeric hydrophobic portion and a polymeric hydrophilic portion, the polymeric
hydrophobic portion including a second reactive member that is complementary to the first reactive member, wherein
said first and second reactive members are able to interact together according to a reaction selected from the group
consisting in Huisgen cycloaddition, Diels-Alder reactions, thiol-alkene reactions and maleimide-thiol reactions,
wherein the hydrophilic portion is derived from a chitosan oligomer having a low degree of acetylation, ranging from
0 to 50 %, and the hydrophobic portion is derived from a chitosan oligomer having a higher degree of acetylation,
greater than 50%.

Patentansprüche

1. Implantierbare medizinische Vorrichtung, die Folgendes umfasst
ein nicht bioresorbierbares polymerisches Substrat, das eine Beschichtung hat, wobei die Beschichtung eine am-
phiphile Verbindung umfasst, die einen polymerischen hydrophilen Abschnitt und einen polymerischen hydrophobem
Abschnitt hat, wobei der polymerische hydrophobe Abschnitt der amphiphilen Verbindung kovalent mit dem nicht
bioresorbierbaren polymerischen Substrat verbunden ist, wobei die Oberfläche des nicht bioresorbierbaren Subst-
rats ein erstes reaktives Element hat, das an ihm angebracht ist, und der polymerische hydrophobe Abschnitt der
amphiphilen Verbindung ein zweites reaktives Element hat, das an ihm angebracht ist, wobei das erste reaktive
Element und das zweite reaktive Element fähig sind, spezifisch miteinander zu interagieren, um kovalent den po-
lymerischen hydrophoben Abschnitt der amphiphilen Verbindung mit dem nicht bioresorbierbaren polymerischen
Substrat zu verbinden, wobei das erste und das zweite reaktive Element fähig sind, miteinander gemäß einer
Reaktion zu interagieren, die aus der Gruppe ausgewählt ist, die aus Huisgen-Cycloaddition, Diels-Alder-Reaktionen,
Thiol-Alken-Reaktionen und Maleimid-Thiol-Reaktionen besteht, wobei der hydrophile Abschnitt aus einem Chito-
sanoligomer abgeleitet ist, der einen niedrigen Acetylierungsgrad hat, der von 0 bis 50 % reicht, und der hydrophobe
Abschnitt aus einem Chitosanoligomer abgeleitet ist, der einen höheren Acetylierungsgrad, größer als 50 % hat.

2. Medizinische Vorrichtung nach Anspruch 1, wobei das erste reaktive Element einen Alkyn ist und das zweite reaktive
Element ein Azid ist.

3. Medizinische Vorrichtung nach Anspruch 1, wobei das erste reaktive Element ein Azid ist und das zweite reaktive
Element ein Alkyn ist.

4. Verfahren zum Bereitstellen einer implantierbaren medizinischen Vorrichtung, die ein nicht bioresorbierbares poly-
merisches Substrat umfasst, mit einer amphiphilen Beschichtung, das das Funktionalisierung mindestens eines
Abschnitts des nicht bioresorbierbaren polymerischen Substrats mit einem ersten reaktiven Element umfasst, und
Reagieren des funktionalisierten Abschnitts des nicht bioresorbierbaren polymerischen Substrats mit einer amphip-
hilen Verbindung, die einen polymerischen hydrophobem Abschnitt und einen polymerischen hydrophilen Abschnitt
hat, wobei der polymerische hydrophobe Abschnitt ein zweites reaktives Element umfasst, das zu dem ersten
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reaktiven Element komplementär ist, wobei das erste und das zweite reaktive Element fähig sind, miteinander
gemäß einer Reaktion zu interagieren, die aus der Gruppe ausgewählt ist, die aus Huisgen-Cycloaddition, Diels-
Alder-Reaktionen, Thiol-Alken-Reaktionen und Maleimid-Thiol-Reaktionen besteht, wobei der hydrophile Abschnitt
aus einem Chitosanoligomer abgeleitet ist, der einen niedrigen Acetylierungsgrad hat, der von 0 bis 50 % reicht,
und der hydrophobe Abschnitt aus einem Chitosanoligomer abgeleitet ist, der einen höheren Acetylierungsgrad,
höher als 50 % hat.

Revendications

1. Dispositif médical implantable comprenant
un substrat polymère non-biorésorbable ayant un revêtement, le revêtement comprenant un composé amphiphile
ayant une partie hydrophile polymère et une partie hydrophobe polymère, la partie hydrophobe polymère du composé
amphiphile étant liée de manière covalente au substrat polymère non-biorésorbable, où la surface du substrat non-
biorésorbable a un premier élément réactif fixé à celle-ci et la partie hydrophobe polymère du composé amphiphile
a un deuxième élément réactif fixé à celle-ci, ledit premier élément réactif et ledit deuxième élément réactif étant
capables d’interagir spécifiquement ensemble pour lier de manière covalente la partie hydrophobe polymère du
composé amphiphile au substrat polymère non-biorésorbable, où lesdits premier et deuxième éléments réactifs
sont capables d’interagir ensemble selon une réaction choisie dans le groupe constitué par la cycloaddition de
Huisgen, les réactions de Diels-Alder, les réactions thiol-alcène et les réactions maléimide-thiol, où la partie hydro-
phile est dérivée d’un oligomère de chitosane ayant un faible degré d’acétylation, se trouvant dans la plage allant
de 0 à 50%, et la partie hydrophobe est dérivée d’un oligomère de chitosane ayant un degré d’acétylation plus
élevé, supérieur à 50%.

2. Dispositif médical selon la revendication 1, dans lequel le premier élément réactif est un alcyne et le deuxième
élément réactif est un azide.

3. Dispositif médical selon la revendication 1, dans lequel le premier élément réactif est un azide et le deuxième
élément réactif est un alcyne.

4. Procédé de fourniture d’un dispositif médical implantable comprenant un substrat polymère non-biorésorbable ayant
un revêtement amphiphile comprenant la fonctionnalisation d’au moins une partie du substrat polymère non-bioré-
sorbable avec un premier élément réactif et la réaction de la partie fonctionnalisée du substrat polymère non-
biorésorbable avec un composé amphiphile ayant une partie hydrophobe polymère et une partie hydrophile polymère,
la partie hydrophobe polymère comportant un deuxième élément réactif qui est complémentaire au premier élément
réactif, où lesdits premier et deuxième éléments réactifs sont capables d’interagir ensemble selon une réaction
choisie dans le groupe constitué par la cycloaddition de Huisgen, les réactions de Diels-Alder, les réactions thiol-
alcène et les réactions maléimide-thiol,
où la partie hydrophile est dérivée d’un oligomère de chitosane ayant un faible degré d’acétylation, se trouvant dans
la plage allant de 0 à 50%, et la partie hydrophobe est dérivée d’un oligomère de chitosane ayant un degré d’acé-
tylation plus élevé, supérieur à 50%.
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