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ANTI-FOULING AND/OR ANTI-THROMBOTIC MEDICAL DEVICES

PRIORITY CLAIM

[001]  This application claims priority to Australian provisional patent application
number 2016901008 filed on 17 March 2016, the content of which is hereby

incorporated by reference.

FIELD

[002] The present disclosure relates to anti-fouling and/or anti-thrombotic medical
devices, to methods for reducing fouling and/or and thrombosis associated with medical

devices, and to methods for coating substrates to reduce fouling and/or thrombosis.

BACKGROUND

[003] An important consideration in the use of some medical devices is how the
device is affected when it is used in vivo, and in particular, how the device is affected
when it comes into contact with tissue and fluids. Such considerations are not only
important to the performance and/or longevity of the device, but also for reasons of how

the use of the medical device may impact upon a patient with the device.

[004]  For example, stents are a commonly used medical device to treat a number of
conditions. Coronary stents are used during angioplasty to improve blood flow to
narrowed or blocked coronary arteries. Stents are also used for peripheral artery
angioplasty to treat atherosclerotic narrowing of the abdomen, leg and renal arteries
caused by peripheral artery disease, and to assist in the treatment of aneurysms.

Typically stents are made from flexible materials, such as flexible metal alloys.

[005] However, while stents are extremely effective as modes of treatment, they
suffer a number of disadvantages and/or risks. For example, the use of metal/metal alloy
stents carries a risk of stent thrombosis. In the case of the use of coronary stents, stent
thrombosis has a major clinical impact owing to a high risk of myocardial infarction and

death occurring.
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[006] Because metal/metal alloy stents induce platelet adhesion and activation, which
can lead to thrombus formation, anti-platelet therapy is usually prescribed after stent
implantation, and in some cases such therapy is maintained for the duration of the life of

the stent.

[007] In addition, the ability of stents and other medical devices to resist fouling,
protein accumulation and/or to reduce platelet attachment and/or activation may have
important effects on their usable lifespan, and in the case of stents, their ability to also

resist restenosis.

[008]  Other types of medical devices, such as cannulas and catheters, can also suffer
from the effects of fouling and/or thrombosis, which impacts on their efficacy,

longevity and risk of use.

[009]  Accordingly, there is a continuing need to provide medical devices with
improved properties, and in particular, to provide devices which have reduced

thrombotic properties and/or resist fouling.

SUMMARY

[0010] The present disclosure relates to anti-fouling and/or anti-thrombotic medical
devices, to methods for reducing fouling and/or and thrombosis products associated
with medical devices, and to methods for coating substrates to reduce fouling and/or

thrombosis.

[0011] Certain embodiments of the present disclosure provide an anti-fouling and/or
anti-thrombotic medical device, the device comprising a metallic substrate comprising a

hyperbranched polyglycerol coating.

[0012] Certain embodiments of the present disclosure provide an anti-fouling and/or
anti-thrombotic stent, the stent comprising a metallic substrate comprising a

hyperbranched polyglycerol coating.

[0013] Certain embodiments of the present disclosure provide a method of reducing

fouling and/or thrombosis associated with a medical device comprising a metallic
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substrate, the method comprising coating the metallic substrate with a hyperbranched

polyglycerol.

[0014] Certain embodiments of the present disclosure provide a method of producing
an anti-fouling and/or anti-thrombotic medical device, the method comprising using a
hyperbranched polyglycerol coated metallic substrate in the device to reduce fouling

and/or thrombosis associated with the medical device.

[0015] Certain embodiments of the present disclosure provide a method of coating a
metallic substrate with a hyperbranched polyglycerol, the method comprising
polymerisation of glycidol monomers to form a hyperbranched polyglycerol on the
metallic substrate and thereby coating the substrate with the hyperbranched

polyglycerol.

[0016] Certain embodiments of the present disclosure provide a method of forming a
hyperbranched polyglycerol coating on a metallic substrate, the method comprising
exposing the metallic substrate to polymerisation of glycidol monomers and thereby

forming a hyperbranched polyglycerol coating on the metallic substrate.

[0017] Other embodiments are described herein.

BRIEF DESCRIPTION OF THE FIGURES

[0018] Certain embodiments are illustrated by the following figures. It is to be
understood that the following description is for the purpose of describing particular

embodiments only and is not intended to be limiting with respect to the description.

[0019] Figure 1 shows the results using bare 316 stainless steel (SS) mesh with wire
diameter of 90 um (Panel A,) and HPG-grafted SS mesh (Panel B) cultured in platelet

rich plasma.

[0020] Figure 2 shows the results of a Medtronic Maris Plus Nickel-Titanium (Nitinol)
self-expanding stent that was not washed after taking it off the catheter (Panel A) and a

HPG-grafted version of the same stent (Panel B) cultured in platelet rich plasma

(“PRP”) .
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[0021] Figure 3 shows a Medtronic Complete SE Nickel-Titanium (Nitinol)
electropolished and self-expanding stent that was transferred directly from the catheter

into PRP (Panel A) and a HPG-grafted version of the same stent (Panel B).

[0022] Figure 4 shows a Medtronic Assurant Cobalt balloon expanded cobalt-
chromium alloy stent that was transferred directly from the catheter, following manual
expansion on the balloon catheter, into PRP (Panel A) and a HPG-grafted version of the

same stent (Panel B).

[0023] Figure 5 shows the results of a bare stainless steel (SS) plate incubated with
heparinised whole blood under static conditions (Panel A) and flowed at 2 dyne/cm2
(Panel B) for 10 minutes, compared to HPG-grafted SS plate incubated with heparinised
whole blood under static conditions (Panel C) and flowed at 2 dyne/cm?2 (Panel D) for

10 minutes.

[0024] Figure 6 shows an ex vivo chandler loop assay comparing the anti-thrombotic
potential of a) HPG-grafted nitinol stents with b) bare nitinol stents after flowing
heparinised blood for 2 hours at 37°C. The resulting blood clots retrieved from the bare
nitinol stents can be seen in c¢), while no substantial clots formed in the HPG-grafted

stents.

[0025] Figure 7 shows representative photographs of 7 mm long sections of Cook
Medical Zilver stents and HPG-grafted Zilver stents following 2.5 hours in heparinised
human whole blood (0.5 U/mL heparin) under flow at 37°C. Photograph a) was
captured immediately following removal of stent sections from the ex vivo chandler
loop assay with control stent on the left and the HPG-grafted stent on the right.
Photographs b) and c) were captured after the control stent was cut away from the blood
clot that extended outside the stent and both control and HPG-grafted stents were rinsed

lightly in PBS (phosphate buffered saline, pH 7.4) to remove liquid blood.

[0026] Figure 8 shows representative photographs of 40 mm long sections Cook
Medical Zilver stents and HPG-grafted Zilver stents following 1 hour in heparinised
human whole blood (0.5 U/mL heparin) under flow at 37°C. Photograph a) was

captured immediately following removal of stent sections from the ex vivo chandler
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loop assay with control stent on the left and the HPG-grafted stent on the right.
Photographs b), ¢) and d) were captured after both control and HPG-grafted stents were
rinsed lightly in PBS (phosphate buffered saline, pH 7.4) to remove liquid blood.

DETAILED DESCRIPTION

[0027] The present disclosure relates to anti-fouling and/or anti-thrombotic medical
devices, to methods for reducing fouling and/or and thrombosis products associated
with medical devices, and to methods for coating substrates to reduce fouling and/or

thrombosis.

[0028] Certain embodiments of the present disclosure provide a medical device having

reduced fouling and/or reduced thrombotic properties.

[0029] Certain embodiments of the present disclosure provide an anti-fouling and/or
anti-thrombotic medical device, the device comprising a metallic substrate comprising a

hyperbranched polyglycerol coating.

[0030] In certain embodiments, the device has reduced fouling properties. In certain

embodiments, the device is an anti-fouling device.

[0031] The term “anti-fouling” as used herein refers to a medical device that has
reduced binding of one or more of platelets, cells and/or other cellular material (such as

protein), as compared to an untreated medical device.

[0032] In certain embodiments, the coating of the metallic substrate with a
hyperbranched polyglycerol reduces platelet binding to the substrate, reduces
attachment of platelets to the substrate, and/or reduces activation of platelets by the

substrate.

[0033] In certain embodiments, the coating of the hyperbranched polyglycerol reduces
fouling of the substrate by at least 10%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80% or at least 90%, as compared to a medical

device that does not have a hyperbranched polyglycerol coating.
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[0034] In certain embodiments, the coating of the hyperbranched polyglycerol reduces
platelet binding/attachment by at least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80% or at least 90%, as compared to a

medical device that does not have a hyperbranched polyglycerol coating.

[0035] In certain embodiments, the device has reduced thrombotic properties. In

certain embodiments, the device is an anti-thrombotic device.

[0036] The term “anti-thrombotic” as used herein refers to a medical device that has
reduced ability to cause a clot and/or a reduced rated of clotting, as compared to an
untreated medical device. It will be appreciated that the reduced clotting associated with
the device is not to be limited to clots that form within the device, but also includes

other clots associated with the use of the device.

[0037] In certain embodiments, the coating of the hyperbranched polyglycerol reduces
clotting and/or thrombosis associated with the medical device by at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80% or
at least 90%, as compared to a medical device that does not have a hyperbranched

polyglycerol coating.

[0038] In certain embodiments, the medical device in use comprises one or more
characteristics selected from reduced thrombosis, reduced fouling, reduced attachment
of cells and/or proteins, reduced binding/attachment of platelets, reduced activation of
platelets, and reduced fibrin formation, as compared to an medical device that does not

have a hyperbranched polyglycerol coating.

[0039] In certain embodiments, the medical device comprises a stent, a cannula, a

catheter, a guide wire, a valve. Other types of medical devices are contemplated.

[0040] In certain embodiments, the medical device is a stent. In certain embodiments,

the medical device is a vascular stent, such as a coronary stent.

[0041] In certain embodiments, the medical device comprises a medical device for use
in a vascular setting. In certain embodiments, the medical device comprises a vascular

stent or a vascular cannula.
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[0042] In certain embodiments, the medical device is a stent and the stent is a self-

expanding stent or a balloon-expanding stent. Other types of stents are contemplated.

[0043] The term “metallic substrate” as used herein refers to a substrate comprising a
metallic material, such as a pure metal, a metal alloy, or a mixture of one or more metals
and/or other materials. For example, a metallic substrate may be composed entirely of a
metal or a metal alloy, or may be composed in part of a metallic material and one or

more other materials.

[0044] In certain embodiments, the metallic substrate comprises a substantially pure
metal. Examples of metals include titanium, nickel, cobalt, chromium, niobium and
tantalum. Other types of metals are contemplated. Methods for producing metals for use

in medical devices are known in the art.

[0045] In certain embodiments, the metallic substrate comprises a metal alloy.
Examples of metal alloys include a steel alloy, a nickel containing alloy, a titanium
containing alloy, a cobalt contain alloy, or a chromium containing alloy. In certain
embodiments, the metallic substrate comprises a steel alloy, a nickel titanium alloy or a
cobalt chromium alloy. Other types of alloys are contemplated. Methods for producing

metal alloys for use in medical devices are known in the art.

[0046] In certain embodiments, the medical device is a stent comprising a steel alloy,
a nitinol alloy or a cobalt chromium alloy. In certain embodiments, the medical device

is a stainless steel stent, a nitinol stent, or a cobalt chromium stent.

[0047] In certain embodiments, the metallic substrate comprises a substrate other than
an aluminium substrate. In certain embodiments, the metallic substrate comprises a

substrate other than a steel alloy substrate.

[0048] The term “hyperbranched polyglycerol” as used herein refers to a branched
aliphatic polyether with hydroxyl end groups. It will be appreciated that the term also
includes a branched polyether in which a proportion of the hydroxyl end groups have

been derivatised and/or replaced with a suitable group.

[0049] In certain embodiments, the metallic substrate comprises one or more other
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coatings, or a coating comprising a hyperbranched polyglycerol and one or more other

materials, such as another polymer.

[0050] In certain embodiments, the hyperbranched polyglycerol coating comprises a
coating formed by a reaction comprising polymerisation of glycidol monomers on the

metallic substrate.

[0051] In certain embodiments, the polymerisation of the glycidol monomers
comprises a ring opening reaction of the glycidol monomers. Other synthetic methods

for producing a hyperbranched polyglycerol are contemplated.

[0052] In certain embodiments, the coating is formed by a reaction comprising a
single (non-iterative) reaction synthesis of monomers. In certain embodiments, the
coating is formed by reactions comprising multiple (iterative) reaction syntheses of

monomers.

[0053] In certain embodiments, the hyperbranched polyglycerol coating is formed by a
reaction that does not comprise exposing the metallic substrate to glycidol monomers in
the presence of a solvent. In certain embodiments, the hyperbranched polyglycerol
coating is formed by a reaction that comprises exposing the metallic substrate to
glycidol monomers substantially in the absence of a solvent. In certain embodiments,
the hyperbranched polyglycerol coating is formed by exposing the metallic substrate to
substantially undiluted glycidol monomers. In certain embodiments, the hyperbranched
polyglycerol coating is formed by exposing the metallic substrate to substantially pure
glycidol. In certain embodiments, the hyperbranched polyglycerol coating is formed by
exposing the metallic substrate to glycidol substantially free of a solvent. In certain
embodiments, the hyperbranched polyglycerol coating is formed by exposing the
metallic substrate to a solution comprising at least 90% glycidol, at least 95% glycidol,
at least 96% glycidol, at least 97% glycidol, at least 98% glycidol, or at least 99%
glycidol. The term “solvent” as used herein refers to a substance that dissolves glycidol,

and may or may not be chemically inert.

[0054] In certain embodiments, the hyperbranched polyglycerol coating is formed by

exposing the metallic substrate to a solution comprising substantially pure glycidol or a
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[0055] In certain embodiments, the coating is formed on an activated metallic
substrate. Methods for activation of metallic substrates are known in the art. In certain
embodiments, the coating is formed on the metallic substrate activated by plasma
treatment. In certain embodiments, the coating is formed on a plasma activated metallic

substrate.

[0056] Methods for plasma treatment of substrates to form plasma modified surfaces
are known in the art. Examples of plasma treatment include radio frequency induced
plasma treatment, corona plasma treatment, glow discharge plasma treatment, plasma
immersion ion implantation, low pressure plasma treatment, and atmospheric pressure

plasma treatment. Other types of plasma treatment are contemplated.

[0057] In certain embodiments, the coating is formed on the metallic substrate
activated by plasma treatment in the presence of a gas. Examples of gases comprise one
of more of oxygen, argon, nitrous oxide, tetrafluoromethane, and air. Other gases are

contemplated.

[0058] In certain embodiments, the coating is formed on the metallic substrate
activated by plasma treatment in the presence of one or more non-depositing and/or
inert gases. Examples of non-depositing and/or inert gases include argon and other

noble gases such as helium or neon.

[0059] In certain embodiments, the coating is formed on the metallic substrate

activated by plasma treatment with a gas that does not chemically modify the substrate.

[0060] In certain embodiments, the coating is formed on the metallic substrate

activated by plasma treatment in the presence of oxygen.

[0061] In certain embodiments, the plasma treatment comprises radio frequency

induced plasma treatment.

[0062] In certain embodiments, the plasma treatment comprises treatment using a

power in the range of 10 W or greater, 20 W or greater, S0W or greater or 100 W or
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greater. In certain embodiments, the plasma treatment comprises treatment using a

power in the range of 10 W or greater.

[0063] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W to S00W, 10 to 100 W, 20 to 500 W, 20 to 100 W, 50 to 500
W, 50 to 100 W, or 100 to 500 W. In certain embodiments, the plasma treatment

comprises treatment using a power in the range of 100 W to 500 W.

[0064] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 102 bar or more, 5.0 x 107 bar or more, 8.0 x 107 bar or more, 1 x 10 bar or

more, 2.0 x 107 bar or more, or 5.0 x 107 bar.

[0065] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 10 bar or less, 5.0 x 10 bar or less, 8.0 x 107 bar or less, 1 x 107 bar or less, 2.0

x 107 bar or less, or 5.0 x 107 bar or less.

[0066] In certain embodiments, the coating comprises a thickness of at least 2 nm, at
least 3 nm, at least 4 nm, at least 5 nm, at least 6 nm, at least 7 nm, at least 8 nm, at least
9 nm, at least 10 nm, or at least 20 nm. Methods for determining the thickness of the
coating are known in the art, for example the use of ellipsometry to determine coating

thickness.

[0067] In certain embodiments, the coating comprises a thickness selected from 2 nm
to 20 nm, 3 nm to 20 nm, 4 nm to 20 nm, 5 nm to 20 nm, 6 nm to 20 nm, 7 nm to 20
nm, 8 nm to 20 nm, 9 nm to 20 nm, 10 nm to 20 nm, 11 nm to 20 nm, 12 nm to 20 nm,
13 nm to 20 nm, 14 nm to 20 nm, 15 nm to 20 nm, 16 nm to 20 nm, 17 nm to 20 nm, 18

nm to 20 nm, or 19 to 20 nm.

[0068] In certain embodiments, the coating comprises a thickness selected from 5 nm
to 10 nm, 6 nm to 10 nm, 7 nm to 10 nm, 8 nm to 10 nm, 9 nm to 10 nm, 5 nm to 9 nm,
6 nm to 9 nm, 7 nm to 9 nm, 8 nm to 9 nm, 5 nm to 8 nm, 6 nm to 8 nm, 7 nm to 8 nm,

5nm to 7 nm, 6 nm to 7 nm, or 5 to 6 nm.

[0069] In certain embodiments, the coating is formed directly on the metallic

substrate. In certain embodiments, the coating is formed directly on a plasma activated
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metallic substrate.

[0070] In certain embodiments, the metallic substrate is activated by plasma treatment

and the coating is formed on the activated metallic substrate.

[0071] In certain embodiments, the coating is formed indirectly on the metallic

substrate.

[0072] In certain embodiments, the coating is formed on a functionalised metallic
substrate. In certain embodiments, the metallic substrate is functionalised and the
coating is formed on the functionalised metallic substrate. Methods for functionalisation
of substrates/surfaces are known in the art. Methods for formation of polymers or other

materials on a functionalised substrate/surface are known in the art.

[0073] Certain embodiments of the present disclosure provide use of a medical device
as described herein, for example to prevent and/or treat a condition selected from
arterial or venous narrowing, angina, an aneurysm, or to repair or support an artery or

vein. Other conditions or uses of the medical device are contemplated.

[0074] As described herein, in certain embodiments the medical device is a stent.

[0075] Certain embodiments of the present disclosure provide an anti-fouling and/or
an anti-thrombotic stent, the stent comprising a metallic substrate comprising a

hyperbranched polyglycerol coating.

[0076] Examples of stents are described herein. In certain embodiments, the stent is a

coronary stent.

[0077] Certain embodiments of the present disclosure provide the use of a stent as

described herein, for example to treat a vascular condition.

[0078] Certain embodiments of the present disclosure provide a method of treating a
vascular condition in a subject that would benefit from the introduction of a stent, the

method comprising using a stent as described herein to treat the vascular condition.
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[0079] In certain embodiments, the vascular condition comprises arterial or venous
narrowing, angina, an aneurysm, or repair or support of an artery or vein. Other
conditions are contemplated. Methods for using a stent to treat such conditions are

known in the art.

[0080] Certain embodiments of the present disclosure provide a method of reducing

fouling and/or thrombosis associated with a medical device.

[0081] Certain embodiments of the present disclosure provide a method of reducing
fouling and/or thrombosis associated with a medical device comprising a metallic
substrate, the method comprising coating the metallic substrate with a hyperbranched

polyglycerol.

[0082] In certain embodiments, the reduction of fouling and/or thrombosis comprises
one or more of a reduction in attachment of cells and/or proteins to the substrate, a
reduction in attachment of platelets to the substrate, a reduction in the activation of

platelets by the substrate and a reduction in fibrin formation on the substrate.

[0083] In certain embodiments, the method results in a reduction of fouling by at least
10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at
least 80% or at least 90%, as compared to a medical device that does not have a

hyperbranched polyglycerol coating.

[0084] In certain embodiments, the method results in a reduction of fouling of the
metallic substrate by at least 10%, at least 20%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80% or at least 90%, as compared to uncoated

metallic substrate.

[0085] In certain embodiments, the method results in a reduction of clotting and/or
thrombosis associated with the medical device by at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80% or at least 90%,
as compared to a medical device that does not have a hyperbranched polyglycerol

coating.

[0086] In certain embodiments, the method results in a reduction of clotting and/or
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thrombosis associated with the metallic substrate by at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80% or at least 90%,

as compared to uncoated metallic substrate.

[0087] Medical devices are as described herein. In certain embodiments, the medical
device comprises a stent, a cannula, a catheter, a guide wire, a valve. Other types of

medical devices are contemplated.

[0088] In certain embodiments, the medical device comprises a medical device for use
in a vascular setting. In certain embodiments, the medical device comprises a vascular
stent or a vascular cannula. In certain embodiments, the medical device is a stent, such

as a coronary stent.

[0089] Metallic substrates are as described herein. In certain embodiments, the
metallic substrate comprises a substantially pure metal. Examples of metals include
titanium, nickel, cobalt, chromium, niobium and tantalum. Other types of metals are
contemplated. Methods for producing metals for use in medical devices are known in

the art.

[0090] In certain embodiments, the metallic substrate comprises a metal alloy.
Examples of metal alloys include a steel alloy, a nickel containing alloy, a titanium
containing alloy, a cobalt contain alloy, or a chromium containing alloy. In certain
embodiments, the metallic substrate comprises a steel alloy, a nickel titanium alloy or a
cobalt chromium alloy. Other types of alloys are contemplated. Methods for producing

metal alloys for use in medical devices are known in the art.

[0091] In certain embodiments, the medical device is a steel alloy stent, a nickel

titanium alloy stent or a cobalt chromium alloy stent.

[0092] In certain embodiments, the metallic substrate comprises a substrate other than
an aluminium substrate. In certain embodiments, the metallic substrate comprises a

substrate other than a steel alloy substrate.

[0093] Examples of coatings, and methods for forming coatings, include those

described herein.
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[0094] In certain embodiments, the method comprises coating the metallic substrate
with one or more other coatings, or coating with the hyperbranched polyglycerol and

one or more other materials, such as another polymer.

[0095] In certain embodiments, the coating of the metallic substrate comprises

polymerisation of glycidol monomers on the metallic substrate.

[0096] In certain embodiments, the polymerisation of the glycidol monomers
comprises a ring opening reaction of the glycidol monomers. Other synthetic methods

are contemplated.

[0097] In certain embodiments, the coating of the metallic substrate comprises
activation of the metallic substrate. In certain embodiments, the coating of the metallic

substrate comprises activation of the metallic substrate by plasma treatment.

[0098] In certain embodiments, the coating of the metallic substrate comprises
activation of the metallic substrate by plasma treatment in the presence of a gas.
Examples of gases comprise one of more of oxygen, argon, nitrous oxide,

tetrafluoromethane, and air.

[0099] In certain embodiments, the coating of the metallic substrate comprises
activation of the metallic substrate by plasma treatment in the presence of one or more

non-depositing and/or inert gases.

[00100] In certain embodiments, the coating of the metallic substrate comprises

activation of the metallic substrate by plasma treatment in the presence of oxygen.

[00101] In certain embodiments, the plasma treatment comprises radio frequency

induced plasma treatment. Other types of plasma treatment are contemplated.

[00102] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W or greater, 20 W or greater, S0W or greater or 100 W or
greater. In certain embodiments, the plasma treatment comprises treatment using a

power in the range of 10 W or greater.
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[00103] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W to S00W, 10 to 100 W, 20 to 500 W, 20 to 100 W, 50 to 500
W, 50 to 100 W, or 100 to 500 W. In certain embodiments, the plasma treatment

comprises treatment using a power in the range of 100 W to 500 W.

[00104] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 102 bar or more, 5.0 x 107 bar or more, 8.0 x 107 bar or more, 1 x 10 bar or

more, 2.0 x 107 bar or more, or 5.0 x 10 bar or more.

[00105] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 10 bar or less, 5.0 x 10 bar or less, 8.0 x 107 bar or less, 1 x 107 bar or less, 2.0

x 107 bar or less, or 5.0 x 107 bar or less.

[00106] In certain embodiments, the coating of the metallic substrate comprises
formation of the coating directly on the metallic substrate. In certain embodiments, the

coating is formed directly on plasma activated substrates.

[00107] In certain embodiments, the metallic substrate is activated by plasma treatment

and the coating is formed on the activated substrate.

[00108] In certain embodiments, the metallic substrate is activated by plasma treatment

in the presence of an inert and/or non-depositing gas, such as argon.

[00109] In certain embodiments, the metallic substrate is activated by plasma treatment

with a gas that does not chemically modify the substrate.
[00110] In certain embodiments, the coating is formed indirectly on the substrate.

[00111] In certain embodiments, the coating is formed on a functionalised substrate. In
certain embodiments, the substrate is functionalised and the coating is formed on the
functionalised substrate. Methods for functionalisation of substrates are known in the
art. Methods for formation of polymers or other materials on a functionalised substrate

are known in the art.

[00112] In certain embodiments, the method does not comprise exposing the metallic
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substrate to the glycidol monomers in the presence of a solvent. In certain embodiments,
the hyperbranched polyglycerol coating is formed by a reaction that comprise exposing
the metallic substrate to glycidol monomers substantially in the absence of a solvent. In
certain embodiments, the method comprises exposing the metallic substrate to undiluted
glycidol monomers. In certain embodiments, the method comprises exposing the
metallic substrate to substantially pure glycidol. In certain embodiments, the method
comprises exposing the metallic substrate to glycidol substantially free of a solvent. In
certain embodiments, the method comprises exposing the metallic substrate to a
solution comprising at least 90% glycidol, at least 95% glycidol, at least 96% glycidol,
at least 97% glycidol, at least 98% glycidol, or at least 99% glycidol.

[00113] In certain embodiments, the method comprises exposing the metallic substrate
to a solution comprising substantially pure glycidol or a solution comprising at least

96% glycidol.

[00114] In certain embodiments, the method comprises forming a coating having a
thickness of at least 2 nm, at Ieast 3 nm, at least 4 nm, at least 5 nm, at least 6 nm, at
least 7 nm, at least 8 nm, at least 9 nm, at Ieast 10 nm, or at least 20 nm. Methods for
determining the thickness of the coating are known in the art, for example the use of

ellipsometry to determine coating thickness.

[00115] In certain embodiments, the method comprises forming a coating having a
thickness selected from 2 nm to 20 nm, 3 nm to 20 nm, 4 nm to 20 nm, 5 nm to 20 nm,
6 nm to 20 nm, 7 nm to 20 nm, 8§ nm to 20 nm, 9 nm to 20 nm, 10 nm to 20 nm, 11 nm
to 20 nm, 12 nm to 20 nm, 13 nm to 20 nm, 14 nm to 20 nm, 15 nm to 20 nm, 16 nm to

20 nm, 17 nm to 20 nm, 18 nm to 20 nm, or 19 to 20 nm.

[00116] In certain embodiments, the method comprises forming a coating having a
thickness selected from 5 nm to 10 nm, 6 nm to 10 nm, 7 nm to 10 nm, 8 nm to 10 nm,
9nm to 10 nm, 5 nm to 9 nm, 6 nm to 9 nm, 7 nm to 9 nm, 8 nm to 9 nm, 5 nm to 8 nm,

6 nm to 8 nm, 7 nm to 8 nm, 5 nm to 7 nm, 6 nm to 7 nm, or 5 to 6 nm.

[00117] Certain embodiments of the present disclosure provide a medical device with

reduced fouling and/or thrombosis produced by coating the device using a method as
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described herein.

[00118] Certain embodiments of the present disclosure provide a medical device

comprising a metallic substrate coated with a hyperbranched polyglycerol.

[00119] Certain embodiments of the present disclosure provide a method of coating a

metallic substrate with a hyperbranched polyglycerol.

[00120] Certain embodiments of the present disclosure provide a method of coating a
metallic substrate with a hyperbranched polyglycerol, the method comprising
polymerisation of glycidol monomers to form a hyperbranched polyglycerol on the
metallic substrate and thereby coating the metallic substrate with the hyperbranched

polyglycerol.

[00121] In certain embodiments, the coating of the metallic substrate results in the
substrate in use in an in vivo setting, such as a vascular setting, comprising one or more
characteristics selected from reduced fouling of the substrate, reduced thrombosis
associated with the substrate, reduced attachment of cells and/or proteins to the
substrate coated, reduced attachment of platelets to the substrate, reduced activation of
platelets by the substrate, and reduced fibrin formation on the substrate, and low level

complement activation.

[00122] In certain embodiments, the metallic substrate forms part of a medical device.
Medical devices are as described herein. Other uses of the coated metallic substrate are

contemplated.

[00123] In certain embodiments, the coated metallic substrate is used in a medical
device for use in a vascular setting. In certain embodiments, the medical device is a

stent, such as a coronary stent.

[00124] Metallic substrates are described herein.

[00125] In certain embodiments, the metallic substrate comprises a substantially pure
metal. Examples of metals include titanium, nickel, cobalt, chromium, niobium and

tantalum. Other types of metals are contemplated. Methods for producing metals for use



WO 2017/156592 PCT/AU2017/050242
18

in medical devices are known in the art.

[00126] In certain embodiments, the metallic substrate comprises a metal alloy.
Examples of metal alloys include a steel alloy, a nickel containing alloy, a titanium
containing alloy, a cobalt contain alloy, or a chromium containing alloy. In certain
embodiments, the metallic substrate comprises a steel alloy, a nickel titanium alloy or a
cobalt chromium alloy. Other types of alloys are contemplated. Methods for producing

metal alloys for use in medical devices are known in the art.

[00127] In certain embodiments, the metallic substrate comprises a substrate other than
an aluminium substrate. In certain embodiments, the metallic substrate comprises a

substrate other than a steel alloy substrate.

[00128] Coatings, and methods for forming coatings on metallic substrates, are as

described herein.

[00129] In certain embodiments, the method comprises forming one or more other
coatings on the metallic substrate, or forming a coating on the metallic substrate with
the hyperbranched polyglycerol and one or more other materials, such as another

polymer.

[00130] In certain embodiments, the polymerisation of the glycidol monomers
comprises a ring opening reaction of the glycidol monomers. Other synthetic methods

are contemplated.

[00131] In certain embodiments, the method comprises activation of the metallic
substrate. Methods for activating metallic substrates are known in the art. In certain
embodiments, the method comprises activation of the metallic substrate by plasma
treatment. Methods for plasma treatment of substrates to form plasma modified surfaces

are known in the art.

[00132] In certain embodiments, the method comprises activation of the metallic
substrate by plasma treatment in the presence of a gas. Examples of gases comprise one

of more of oxygen, argon, nitrous oxide, tetrafluoromethane, and air.
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[00133] In certain embodiments, the method comprises activation of the metallic
substrate by plasma treatment in the presence of one or more inert and/or non-
depositing gases. Examples of non-depositing and/or inert gases include argon and other

noble gases such as helium or neon.

[00134] In certain embodiments, the metallic substrate is activated by plasma treatment

with a gas that does not chemically modify the substrate.

[00135] In certain embodiments, the method comprises activation of the metallic

substrate by plasma treatment in the presence of oxygen.

[00136] In certain embodiments, the plasma treatment comprises radio frequency

induced plasma treatment. Other types of plasma treatment are contemplated.

[00137] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W or greater, 20 W or greater, S0W or greater or 100 W or
greater. In certain embodiments, the plasma treatment comprises treatment using a

power in the range of 10 W or greater.

[00138] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W to S00W, 10 to 100 W, 20 to 500 W, 20 to 100 W, 50 to 500
W, 50 to 100 W, or 100 to 500 W. In certain embodiments, the plasma treatment

comprises treatment using a power in the range of 100 W to 500 W.

[00139] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 102 bar or more, 5.0 x 107 bar or more, 8.0 x 107 bar or more, 1 x 10 bar or

more, 2.0 x 107 bar or more, or 5.0 x 107 bar.

[00140] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 10 bar or less, 5.0 x 10 bar or less, 8.0 x 107 bar or less, 1 x 107 bar or less, 2.0

x 107 bar or less, or 5.0 x 107 bar or less.

[00141] In certain embodiments, the method comprises polymerisation of the glycidol
monomers directly on the metallic substrate. In certain embodiments, the method

comprises formation of the coating directly on plasma activated metallic substrate.
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[00142] In certain embodiments, method comprises polymerisation of the glycidol

monomers on the metallic substrate activated by plasma treatment.

[00143] In certain embodiments, the method comprises polymerisation of the glycidol

monomers indirectly on the metallic substrate.

[00144] In certain embodiments, the method comprises polymerisation of the glycidol

monomers on functionalised metallic substrate.

[00145] Methods for functionalisation of substrates are known in the art. Methods for
formation of polymers or other materials on a functionalised substrate are known in the

art.

[00146] In certain embodiments, the method does not comprise exposing the metallic
substrate to the glycidol monomers in the presence of a solvent. In certain embodiments,
the hyperbranched polyglycerol coating is formed by a reaction that comprise exposing
the metallic substrate to glycidol monomers substantially in the absence of a solvent. In
certain embodiments, the method comprises exposing the metallic substrate to undiluted
glycidol monomers. In certain embodiments, the method comprises exposing the
metallic substrate to substantially pure glycidol. In certain embodiments, the method
comprises exposing the metallic substrate to glycidol substantially free of a solvent. In
certain embodiments, the method comprises exposing the metallic substrate to a
solution comprising at least 90% glycidol, at least 95% glycidol, at least 96% glycidol,
at least 97% glycidol, at least 98% glycidol, or at least 99% glycidol.

[00147] In certain embodiments, the method comprises exposing the metallic substrate
to a solution comprising substantially pure glycidol or a solution comprising at least

96% glycidol.

[00148] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W or greater, 20 W or greater, S0W or greater or 100 W or
greater. In certain embodiments, the plasma treatment comprises treatment using a

power in the range of 10 W or greater.

[00149] In certain embodiments, the plasma treatment comprises treatment using a
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power in the range of 10 W to S00W, 10 to 100 W, 20 to 500 W, 20 to 100 W, 50 to 500
W, 50 to 100 W, or 100 to 500 W. In certain embodiments, the plasma treatment

comprises treatment using a power in the range of 100 W to 500 W.

[00150] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W or greater. In certain embodiments, the plasma treatment

comprises treatment using a power in the range of 100 W to 500 W.

[00151] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 102 bar or more, 5.0 x 107 bar or more, 8.0 x 107 bar or more, 1 x 10 bar or

more, 2.0 x 10 bar or more, or 5.0 x 10 bar. Other pressures are contemplated.

[00152] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 10 bar or less, 5.0 x 10 bar or less, 8.0 x 107 bar or less, 1 x 107 bar or less, 2.0

x 107 bar or less, or 5.0 x 107 bar or less.

[00153] In certain embodiments, the method comprises forming a coating having a
thickness of at least 2 nm, at Ieast 3 nm, at least 4 nm, at least 5 nm, at least 6 nm, at
least 7 nm, at least 8 nm, at least 9 nm, at Ieast 10 nm, or at least 20 nm. Methods for
determining the thickness of the coating are known in the art, for example the use of

ellipsometry to determine coating thickness.

[00154] In certain embodiments, the method comprises forming a coating having a
thickness selected from 2 nm to 20 nm, 3 nm to 20 nm, 4 nm to 20 nm, 5 nm to 20 nm,
6 nm to 20 nm, 7 nm to 20 nm, 8§ nm to 20 nm, 9 nm to 20 nm, 10 nm to 20 nm, 11 nm
to 20 nm, 12 nm to 20 nm, 13 nm to 20 nm, 14 nm to 20 nm, 15 nm to 20 nm, 16 nm to

20 nm, 17 nm to 20 nm, 18 nm to 20 nm, or 19 to 20 nm.

[00155] In certain embodiments, the method comprises forming a coating having a
thickness selected from 5 nm to 10 nm, 6 nm to 10 nm, 7 nm to 10 nm, 8 nm to 10 nm,
9nm to 10 nm, 5 nm to 9 nm, 6 nm to 9 nm, 7 nm to 9 nm, 8 nm to 9 nm, 5 nm to 8§ nm,

6 nm to 8 nm, 7 nm to 8 nm, 5 nm to 7 nm, 6 nm to 7 nm, or 5 to 6 nm.

[00156] Certain embodiments of the present disclosure provide a metallic substrate

coated by a method as described herein.
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[00157] Certain embodiments of the present disclosure provide a medical device

comprising a coated metallic substrate as described herein.

[00158] Certain embodiments of the present disclosure provide a method of forming a

hyperbranched polyglycerol coating on a metallic substrate.

[00159] Certain embodiments of the present disclosure provide a method of forming a
hyperbranched polyglycerol coating on a metallic substrate, the method comprising
exposing the metallic substrate to polymerisation of glycidol monomers and thereby

form a hyperbranched polyglycerol coating on the metallic substrate.

[00160] In certain embodiments, the formation of the coating on the metallic substrate
results in the substrate in use in vivo, such as in a vascular setting, comprising one or
more characteristics selected from reduced fouling of the substrate, reduced thrombosis
associated with the substrate, reduced attachment of cells and/or proteins to the
substrate coated, reduced attachment of platelets to the substrate, reduced activation of

platelets by the substrate, and reduced fibrin formation on the substrate.

[00161] In certain embodiments, the metallic substrate forms part of a medical device.
Medical devices are as described herein. In certain embodiments, the medical device
comprises a medical device for use in a vascular setting. In certain embodiments, the

medical device is a stent, such as a coronary stent.

[00162] Metallic substrates are described herein. In certain embodiments, the metallic
substrate comprises a substantially pure metal. Examples of metals include titanium,
nickel, cobalt, chromium, niobium and tantalum. Other types of metals are
contemplated. Methods for producing metals for use in medical devices are known in

the art.

[00163] In certain embodiments, the metallic substrate comprises a steel alloy, a nickel
containing alloy, a titanium containing alloy, a cobalt contain alloy, or a chromium
containing alloy. In certain embodiments, the metallic substrate comprises a steel alloy,
a nickel titanium alloy (eg nitinol) or a cobalt chromium alloy. Other types of metallic

substrates are contemplated.
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[00164] In certain embodiments, the metallic substrate comprises a substrate other than
an aluminium substrate. In certain embodiments, the metallic substrate comprises a

substrate other than a steel alloy substrate.

[00165] Examples of coatings, and methods for forming coatings, are included herein.

[00166] In certain embodiments, the method comprises forming one or more other
coatings on the metallic substrate and/or forming a coating on the metallic substrate
with the hyperbranched polyglycerol and one or more other materials, such as another

polymer.

[00167] In certain embodiments, the polymerisation of the glycidol monomers
comprises a ring opening reaction of the glycidol monomers. Other synthetic methods

are contemplated.

[00168] In certain embodiments, the method comprises activation of the metallic
substrate. In certain embodiments, the method comprises activation of the metallic
substrate by plasma treatment. Methods for plasma treatment of substrates to form

plasma modified surfaces are known in the art.

[00169] In certain embodiments, the method comprises activation of the metallic
substrate by plasma treatment in the presence of a gas. Examples of gases comprise one

of more of oxygen, argon, nitrous oxide, tetrafluoromethane, and air.

[00170] In certain embodiments, the method comprises activation of the metallic
substrate by plasma treatment in the present of an inert and/or non-depositing gas, such

as argon.

[00171] In certain embodiments, the method comprises activation of the metallic
substrate by plasma treatment with a gas that does not chemically modify the substrate.
For example, plasma polymerisation in the presence of an inert gas such as argon
modifies the substrate by producing charged and free radical species which can initiate
polymerisation, while plasma polymerisation in the presence of oxygen produces

charged oxygen species in the substrate that can initiate polymerisation.



WO 2017/156592 PCT/AU2017/050242
24

[00172] In certain embodiments, the method comprises activation of the metallic

substrate by plasma treatment in the presence of oxygen.

[00173] In certain embodiments, the plasma treatment comprises radio frequency

induced plasma treatment. Other types of plasma treatment are contemplated.

[00174] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W or greater, 20 W or greater, S0W or greater or 100 W or
greater. In certain embodiments, the plasma treatment comprises treatment using a

power in the range of 10 W or greater.

[00175] In certain embodiments, the plasma treatment comprises treatment using a
power in the range of 10 W to S00W, 10 to 100 W, 20 to 500 W, 20 to 100 W, 50 to 500
W, 50 to 100 W, or 100 to 500 W. In certain embodiments, the plasma treatment

comprises treatment using a power in the range of 100 W to 500 W.

[00176] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 102 bar or more, 5.0 x 107 bar or more, 8.0 x 107 bar or more, 1 x 10 bar or

more, 2.0 x 107 bar or more, or 5.0 x 107 bar.

[00177] In certain embodiments, the plasma treatment comprises use of a pressure of
1.0 x 10 bar or less, 5.0 x 10 bar or less, 8.0 x 107 bar or less, 1 x 107 bar or less, 2.0

x 107 bar or less, or 5.0 x 107 bar or less.

[00178] In certain embodiments, the method comprises polymerisation of the glycidol
monomers directly on the metallic substrate. In certain embodiments, the method

comprises formation of the coating directly on the plasma activated metallic substrate.

[00179] In certain embodiments, method comprises polymerisation of the glycidol

monomers on the metallic substrate activated by plasma treatment.

[00180] In certain embodiments, the method comprises polymerisation of the glycidol

monomers indirectly on the metallic substrate.

[00181] In certain embodiments, the method comprises polymerisation of the glycidol
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monomers on functionalised metallic substrate.

[00182] Methods for functionalisation of substrates are known in the art. Methods for
formation of polymers or other materials on a functionalised substrate are known in the

art.

[00183] In certain embodiments, the method does not comprise exposing the metallic
substrate to the glycidol monomers in the presence of a solvent. In certain embodiments,
the hyperbranched polyglycerol coating is formed by a reaction that comprises exposing
the metallic substrate to glycidol monomers substantially in the absence of a solvent. In
certain embodiments, the method comprises exposing the metallic substrate to undiluted
glycidol monomers. In certain embodiments, the method comprises exposing the
metallic substrate to substantially pure glycidol. In certain embodiments, the method
comprises exposing the metallic substrate to glycidol substantially free of a solvent. In
certain embodiments, the method comprises exposing the metallic substrate to a
solution comprising at least 90% glycidol, at least 95% glycidol, at least 96% glycidol,
at least 97% glycidol, at least 98% glycidol, or at least 99% glycidol.

[00184] In certain embodiments, the method comprises exposing the exposing the
metallic substrate to a solution comprising substantially pure glycidol or a solution

comprising at least 96% glycidol.

[00185] Certain embodiments of the present disclosure provide a hyperbranched

polyglycerol coated metallic substrate produced by a method as described herein.

[00186] Certain embodiments of the present disclosure provide a method of producing

an anti-fouling and/or anti-thrombotic medical device/

[00187] Certain embodiments of the present disclosure provide a method of producing
an anti-fouling and/or anti-thrombotic medical device, the method comprising using a
hyperbranched polyglycerol coated metallic substrate in the device to reduce fouling

and/or thrombosis associated with the medical device.

[00188] Certain embodiments of the present disclosure provide a method of producing

an anti-fouling and/or anti-thrombotic medical device, the method comprising coating a
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medical device comprising a metallic substrate with a hyperbranched polyglycerol.

[00189] Methods for assessing fouling are known in the art, and include for example,
visualisation of the material for attached matter (eg proteins, cells, platelets) by light

microscopy.

[00190] Methods for assessing clotting or thrombosis are known in the art, and include
for example, assessment of implanted materials for the presence of a clot/thrombus

and/or in vitro studies as described herein.

[00191] The present disclosure is further described by the following examples. It is to
be understood that the following description is for the purpose of describing particular
embodiments only and is not intended to be limiting with respect to the above

description.

EXAMPLE 1 — Grafting of hyperbranched polyglvcerol onto metallic substrates

[00192] Methodology

[00193] Glycidol (Sigma, 96%) was distilled at 60°C under vacuum and stored in
sealed 1.5 mL eppendorf tubes at -20°C until required.

[00194] Metallic substrates (Stainless steel 316, Nitinol and Cobalt-Chromium alloys)
were sonicated in dichloromethane (DCM) for 10 minutes and then a further 5 minutes

in fresh DCM to remove organic contaminants.

[00195] The clean substrates were dried under a stream of nitrogen gas and placed at
the centre of the vacuum chamber of a plasma cleaner fitted with an oxygen gas line-in.
Substrates were either placed directly on a quartz crystal shelf or suspended from a
stainless steel wire frame purpose built for positioning stents at the centre of the
chamber. The vacuum chamber was pumped down to a pressure < 2.0 X 107 mbar with
intermittent purging with pure oxygen to ensure minimal atmospheric contamination in

the chamber.

[00196] Upon reaching the desired pressure, radio frequency (RF) induced plasma was
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ignited at maximum power (18 W RF output) for 20 minutes.

[00197] Following plasma treatment the chamber was backfilled with pure oxygen and
the samples transferred directly into distilled glycidol. The samples were then incubated

at 100°C for up to 24 hours.

[00198] Following incubation the unreacted glycidol was removed and samples washed

x3 with 100% ethanol and then soaked in 100% ethanol for at least 24 hours.

[00199] The process described above resulted in coating of stainless steel 316, Nitinol
and Cobalt-Chromium alloys with a hyperbranched polyglycerol. The substrates were
activated through a radio frequency (RF) induced plasma process free of organic
solvents. Immediate immersion of the activated substrates in neat (solvent free) glycidol

initiated ring-opening polymerisation of the monomer directly from the surface.

[00200] XPS data obtained indicated that the coating formed had a thickness of less

than 10 nm.

[00201] The process of grafting hyperbranched polyglycerol (HPG) onto the substrate
using undiluted glycidol has also been found to provide additional improvements in the
rate of coating of the substrate. For example, the method as described herein using
undiluted glycidol results in growth of the coating on stainless steel to greater than 10
nm in 3 hours at 100°C. This data demonstrates that diluting of glycidol is detrimental
to the coating process. Improvements in the rate of growth of the coating provide,

amongst other benefits, benefits in commercial production.

[00202] The process of grafting hyperbranched polyglycerol (HPG) from any metallic
substrate provides a green chemistry process that can be readily implemented on an
industrial scale and inserted into existing production lines for processing relevant
medical devices. The use of undiluted glycidol also removes the need to remove any
organic solvent waste, and any unreacted glycidol can be reused (for example re-

purified by re-distillation) resulting in reduced wastage of the monomer.
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EXAMPLE 2 - Grafting of hyperbranched polvglycerol onto metallic substrates results

in anti-fouling and anti-thrombotic properties

[00203] Methodology

[00204] Platelet rich plasma (PRP) was isolated from human whole blood donated by a
healthy non-smoker adult. Whole blood was collected into BD Vacutainer containing 1
mL of ACD (Acid citrate dextrose) solution B then transferred into plastic centrifuge
tubes. The whole blood was spun at 250 g for 15 minutes with no brake. PRP was taken
from the top portion of the supernatant (platelet count = 193 million cells/mL, white

blood cells = 1.32 million cells/mL).

[00205] HPG-grafted stainless steel, nitinol and cobalt chromium stents, along with the
controls, were washed x3 with sterile PBS (pH 7.4) then incubated in freshly isolated
PRP for 2 hours at 37°C and 5% CO,.

[00206] Following incubation, stents were washed lightly x3 with warm PBS and fixed
with paraformaldehyde solution (4% in PBS) for 20 minutes. Fixed stents were washed
x3 with PBS and stained with CESE (Carboxyfluorescein succinimidyl ester) and DAPI
(4',6-diamidino-2-phenylindole) (1:2000 in PBS pH 7.4) for 20 minutes at 37°C, then

washed x3 with PBS and x3 with deionised water.

[00207] Substrates were imaged on a Zeiss 710 confocal microscope.

[00208] Results

[00209] The effect of HPG coating on a bare stainless steel mesh was initially

investigated.

[00210] Figure 1 shows the results using a bare 316 stainless steel (SS) mesh with wire
diameter of 90 um (Panel A) and HPG-grafted SS mesh (Panel B).

[00211] Platelets could clearly be observed to attach in high numbers to the bare SS
while the HPG-grafted SS remained almost completely platelet free. These studies

indicated that the HPG modified stainless steel mesh had a greatly reduced platelet
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attachment.

[00212] The effect of HPG on a Nitinol expanding stent was next investigated.

[00213] Figure 2 shows a Medtronic Maris Plus Nickel-Titanium (Nitinol) self-
expanding stent that was not washed after taking it off the catheter (Panel A) and a

HPG-grafted version of the same stent (Panel B).

[00214] The unmodified commercially available stent clearly exhibited significant
platelet attachment and activation. This was made evident by the formation of “fibres”
on the surface, which as discussed above is the result of fibrin recruitment by activated

platelets through the coagulation cascade.

[00215] As can be seen, the HPG-grafted nitinol stent exhibited greatly reduced platelet

attachment with no signs of platelet activation.

[00216] Figure 3 shows a Medtronic Complete SE Nickel-Titanium (Nitinol)

electropolished and self-expanding stent that was transferred directly from the catheter

into PRP (Panel A) and a HPG-grafted version of the same stent (Panel B).

[00217] The unmodified commercially available stent clearly exhibited platelet
attachment and activation. Similar to the Maris Plus stent, this was evident by the
spreading of the platelets and formation of “fibres” on the surface, which is the result of

fibrin recruitment by activated platelets through the coagulation cascade.

[00218] The HPG-grafted stent exhibited greatly reduced platelet attachment with no

signs of platelet activation.

[00219] The effect of HPG on a cobalt chromium expanded stent was next investigated.

[00220] Figure 4 shows a Medtronic Assurant Cobalt balloon expanded cobalt-
chromium alloy stent that was transferred directly from the catheter, following manual
expansion on the balloon catheter, into PRP (Panel A) and a HPG-grafted version of the

same stent (Panel B).
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[00221] The unmodified commercially available cobalt-chromium alloy stent clearly
exhibited platelet attachment and activation. Similar to the Maris Plus and Complete SE
nitinol stents, this was made evident by the spreading of the platelets and formation of
“fibres” on the surface, which is the result of fibrin recruitment by activated platelets

through the coagulation cascade.

[00222] The HPG-grafted cobalt-chromium stent exhibited greatly reduced platelet

attachment with no signs of platelet activation.

[00223] These results demonstrate that HPG coating of a variety of different metal alloy
substrates provides a marked reduction in platelet attachment and activation associated

with the substrates.

EXAMPLE 3 - Grafting of hyperbranched polyglycerol onto a stainless steel substrate

results in reduced blood cell attachment under static and flow conditions

[00224] We next investigated the effect of grafting HPG onto a stainless steel substrate

on blood cell attachment under static conditions or flow conditions.

[00225] Figure 5 shows the results of a bare stainless steel (SS) plate incubated with
heparinised whole blood under static conditions (Panel A) and flowed at 2 dyne/crn2
(Panel B) for 10 minutes, compared to HPG-grafted SS plate incubated with heparinised
whole blood under static conditions (Panel C) and flowed at 2 dyne/crn2 (Panel D) for

10 minutes.

[00226] Attachment of blood cells appeared to be greatly increased on the bare SS

when blood was flowed across the surface.

[00227] Conversely, the HPG-grafted substrates exhibited greatly reduced blood cell

attachment under both static and flow conditions.
[00228] Discussion

[00229] The process of applying HPG to the surface of metal alloy surfaces of medical

devices provided significant improvements to the biocompatibility of the material when



WO 2017/156592 PCT/AU2017/050242
31

exposed to blood products. The HPG coated substrates demonstrated greatly reduced

fouling, and greatly reduced platelet attachment and activation.

[00230] By preventing the attachment and activation of platelets the risk of thrombus
formation is greatly reduced. Coatings that provide such a property with reduced side
effects and that display long-term stability have long been sought after yet never
realised. The technology described herein is applicable to a wide variety of medical
devices which have exposed metal/metal alloy surfaces, such as stents, cannulas,

catheters, guide wires and valves.

[00231] The use of HPG to increase the biocompatibility of clinically relevant

metals/metal alloys also provides a number of other benefits.

[00232] Firstly, the ease of application and broad compatibility of the technique is
highly advantgeous from a commercial point of view where the grafting process would
be incorporated into existing manufacturing processes. The removal of organic solvents

from the activation and grafting steps is also highly advantageous.

[00233] In addition, the oxidative and thermal stability of HPG has the potential to

provide the extra stability required for long-term performance in vivo.

EXAMPLE 4 - Chandler loop experiment comparing off the catheter electropolished

nitinol stents with HPG-grafted versions of the same nitinol stent using argon

[00234] A Medtronic Complete SE Iliac self-expanding stent with 6 mm diameter was
removed from the catheter and cut into 4 strut sections. The sections were sonicated in
DCM for 10 minutes and then fresh DCM for a further 5 minutes. Dried sections were
treated with argon plasma for 20 mins at < 2.0 x 10 mbar. The vacuum chamber was
then backfilled with argon and the stent sections placed directly into distilled glycidol
and incubated for 3 h at 100°C. Excess glycidol was removed and the samples washed
three times with 100% ethanol. The stent sections were then stored in 100% ethanol for

4 weeks.

[00235] Two HPG-grafted stent sections were washed 3 x 5 mins in MilliQ water and
then inserted at either end of a 76 cm length of Tygon ND-100-65 tubing with 6.35 mm
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inner diameter. Stents were pushed 15 mm from each end of the tube. Control stent
sections cut from a second Medtronic Complete SE Iliac self-expanding stent with 7
mm diameter were washed 3 x 5 mins in MilliQ water and then inserted into a second

length of tube.

[00236] 60 mL of whole blood was collected into a syringe primed with 28.3 uL of
heparin in PBS (5 mg/mL, 0.5 units/mL). The quantity of heparin used here was
designed to slow down but not completely prevent blood coagulation over the course of
the experiment, so as to be able to compare the stents ability to resist or prevent

thrombosis.

[00237] 20 mL of the heparinized blood was quickly injected into the tubes containing
the stents along with a third tube containing no stents. The tubes were formed into loops
using Luer connectors made from polypropylene (Harvard Apparatus) and rotated at 4

rpm (~80 mL/min flow rate) for 2 hours at 37 °C.

[00238] The tubes were opened and the blood drained. The sections of tube containing
stents were cut away with a scalpel and imaged. Thrombi were removed from inside
both of the control off the catheter stents and from inside the connector of the same

tube.

[00239] No thrombus formed in the HPG-grafted stents or anywhere in the loop
containing those stents. Thrombus formed in the connector of the control loop
containing no stents, which may have been due to a lower volume of blood as compared
to the other two containing stents and therefore a higher air to blood ratio. Thrombi
from the two tubes were imaged. Following thrombus removal, the tube around the
stents was cut lengthwise and the stents removed, washed lightly in PBS and fixed in

4% paraformaldehyde in PBS.

[00240] The results are shown in Figure 6. Panel a) depicts the lumen on the HPG-
grafted nitinol stents following the Chandler loop assay. No measurable quantity of
thrombus could be removed from the lumen. Panel b) depicts the bare nitinol stent
controls following the same Chandler loop assay, and shows that the lumen of one stent

was completely blocked by thrombus while the other stent contained a lower yet
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measurable quantity of thrombus. Panel c¢) depicts the thrombus removed from the

control stents in panel b).

[00241] This data demonstrates the improved patency of HPG-grafted nitinol stents
when compared to unmodified nitinol stents under induced thrombosis formation
conditions. This data support the fact that coating of the stents leads to a reduction in
thrombosis associated with the stents, and a reduced formation of occlusive thrombi in

the stents.

EXAMPLE 5 — Chandler loop, and neutrophil and complement activation for coated

stents

[00242] Stent preparation and Chandler loop assay

[00243] HPG-grafted stents were modified first by activation in argon plasma for 20
minutes and then incubation in neat distilled glycidol for 24 hours at 100°C, washed in
methanol three times and stored in methanol until use. HPG-grafted stents were stored

up to 1 month in methanol before use.

[00244] HPG-grafted Cook Medical Zilver stent sections and control Cook medical
Zilver (nitinol) stent sections were washed in sterile water three times over a period of
one hour. Stent sections were then washed in sterile PBS (phosphate buffered saline, pH

7.4) three times over a period of 30 minutes.

[00245] Tygon ND-100-65 tubing with internal diameter of 6.35 mm was cut into two
lengths under sterile conditions such that the volume of each tube was 10 mL. HPG-
grafted and control Zilver stent sections were loaded into separate tubes and labelled
appropriately. Each tube was formed into a loop and closed shut using an external
sleeve at the joint so as to maintain the internal diameter throughout the entire loop.
This was important for preventing turbulence as the blood moved through the tube. 20
mL of whole blood was taken from healthy male and female donors of various ages.
Blood was drawn directly into a 20 mL syringe pre-loaded with 0.5 U/mL of heparin in
1 mL of sterile PBS. Blood in the syringe was gently mixed by repeated inversion to

ensure complete dispersion of heparin. Within 2 minutes of the blood being taken, 10
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mL was injected into each loop containing the stent sections through a 19 gauge needle
with a 26 gauge needle used as a vent to let the air escape. The tubes filled with blood
were then rotated at a shear rate of either 70/s or 125/s for between 1 hour and 3 hours
at 37°C. The tubes were then cut open and the contents poured into petri dishes for
assessment. Stents and clots were removed from liquid blood, weighed, rinsed in PBS

and photographed.

[00246] Complement and Neutrophil Assays

[00247] For complement and neutrophil assays, the following modifications were
applied to the Chandler loop assay: Whole blood was drawn into 9 mL Vacuette Tubes
containing Lithium Heparin. One of these tubes was kept as a native blood control and
was maintained at room temperature with slow rocking. The remaining tubes were
combined and syringed into the loops containing the stents sections. One loop
containing no stent was also filled with blood to measure any effect the tubing itself had
on the blood. The loops were rotated at 37°C for 1 hour then the liquid blood removed

from each loop and tested within 1 hour of being removed from the Chandler loop.

[00248]  The data is shown in Figure 7, which shows representative photographs of 7
mm long sections of the Cook Medical Zilver nitinol stents and HPG-grafted Zilver
stents following 2.5 hours in heparinised human whole blood (0.5 U/mL heparin) under

flow at 37°C.

[00249]  Control stents consistently formed large clots that would completely occlude
the stent and often protrude outside the stent. HPG-grafted stents consistently exhibited
little to no clot formation under the same conditions as the controls. The results
demonstrated in Figure 7 indicate that HPG-grafted nitinol stents have much lower

thrombotic potential when compared to the bare nitinol Zilver stents.

[00250]  Photograph a) was captured immediately following removal of stent
sections from the ex vivo chandler loop assay with control stent on the left and the HPG-
grafted stent on the right. Photographs b) and c¢) were captured after the control stent

was cut away from the blood clot that extended outside the stent and both control and
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HPG-grafted stents were rinsed lightly in PBS (phosphate buffered saline, pH 7.4) to

remove liquid blood.

[00251] Figure 8 shows representative photographs of 40 mm long sections Cook
Medical Zilver stents and HPG-grafted Zilver stents following 1 hour in heparinised
human whole blood (0.5 U/mL heparin) under flow at 37°C. Photograph a) was
captured immediately following removal of stent sections from the ex vivo chandler
loop assay with control stent on the left and the HPG-grafted stent on the right.
Photographs b), ¢) and d) were captured after both control and HPG-grafted stents were
rinsed lightly in PBS (phosphate buffered saline, pH 7.4) to remove liquid blood.

[00252] Control stents of clinically relevant length consistently formed large clots that
would completely occlude the stent and often protrude outside the stent. HPG-grafted
stents of clinically relevant length consistently exhibited little to no clot formation under
the same conditions as the controls. The results demonstrated in Figure 8 indicate that
HPG-grafted nitinol stents have much lower thrombotic potential when compared to the

bare nitinol Zilver stents.

[00253] Table 1 summarizes the results from DHR and CHS50 assays along with platelet

counts on Cook Medical Zilver nitinol stents.

[00254] Donor blood was collected into 9 mL Vacuette Tubes containing Lithium
Heparin. One tube (native blood) was left at room temperature with slow rocking
motion, the remaining tubes were combined then used to fill three loops of plastic
tubing. One loop (control blood) contained just blood with no stent, the two other loops
contained either a bare control stent or a HPG-coated stent. The loops where rotated at

37°C for 1 hour then the liquid blood removed from each loop and tested.

[00255] The dihydrorhodamine (DHR)-123 oxidative burst assay is a flow
cytometric test to measure the oxidative burst in neutrophils. The DHR assay for
neutrophil activation is measured in mean fluorescence intensity (MFI) and uses an
artificially activated control using phorbol myristate acetate (PMA), which represents
level of activation from an extreme inflammatory event. This assay was commissioned

through SA Pathology and run per their accredited diagnostic procedure. Results
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indicate there was no significant neutrophil activation for either bare nitinol Zilver

stents or HPG-grafted Zilver stents.

[00256]  The CHS50 assay can be considered as a screening assay for complement
activation, it is sensitive to the reduction, absence and/or inactivity of the components of
the classical pathway and membrane attack pathways. The CHS50 assay measures
complement activation through reduction in complement components. This assay was
commissioned through SA Pathology and run as per their accredited diagnostic
procedure. Results indicate there was no complement activation observed for either bare

nitinol Zilver stents or HPG-grafted Zilver stents.

[00257] DHR — Test for neutrophil activation measured in mean fluorescence intensity
(MFI); Ctl = DHR + PMA which represents level of activation from an extreme

inflammatory event.

[00258] CHS50 — Measure of complement activation through reduction in complement
components; there was no neutrophil or complement activation observed for either

uncoated or HPG-coated Zilver stents.

[00259] Table 1 summarizes the results from DHR and CHS50 assays along with platelet

counts from blood flow over Cook Medical Zilver nitinol stents.

[00260]  Results from these assays indicate there is no difference in neutrophil or
complement activation between the clinical grade bare nitinol Zilver stents and the
HPG-grafted Zilver stents. Therefore, it can be concluded that the addition of the HPG
coating does not trigger neutrophil or complement activation when applied to nitinol
stents. The platelet counts also indicate that the HPG coating does not result in greatly
reduced platelet numbers in the blood, and therefore platelets are not attaching to the

stent surface.
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EXAMPLE 6 — Manufacture of HPG coated stents

[00261] For the production of a HPG alloy stent, initially rounded wire of the selected
metal/metal alloy (for example made from nitinol, or cobalt chromium alloy) may be
provided. The wire may be formed into sinusoids before being wrapped onto a mandrel
with crown to crown alignment, to square up the ends of the stent. Fusion points in the
stent may then be laser fused. The stent may then be electropolished to provide a

polished surface area of the round struts and wrap-crimped for a low profile.

[00262] The stent may then be subject to sonication in dichloromethane for 10 minutes
and a subsequent round of further sonication in 5 minutes in fresh dichloromethane

undertaken.

[00263] The clean stent may then be dried under a stream of nitrogen gas and placed at
the centre of the vacuum chamber of a plasma cleaner fitted with an oxygen gas line-in.
The vacuum chamber is pumped down to a pressure < 2.0 X 107 mbar with intermittent
purging with pure argon to ensure minimal atmospheric contamination in the chamber.

Upon reaching the desired pressure, radio frequency (RF) induced plasma may be used
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at maximum power (18 W RF output) for 20 minutes.

[00264] Following plasma treatment the chamber may then be backfilled with pure
argon and the stent transferred directly into distilled glycidol and then incubated at

100°C for up to 24 hours to coat the stent with HPG.

[00265] Following incubation, the stent may be washed x3 with 100% ethanol and then

soaked in 100% ethanol for at least 24 hours, prior to use or storage.

EXAMPLE 7 — Use of a HPG coated stent for coronary angioplasty

[00266] A metal alloy stent may be coated with HPG as described in Examples 1 or 4,

or a HPG coated stent may be manufactured as described in Example 6.

[00267] Procedures for the use of a stent in an angioplastic procedure are known in the

art. An example of a procedure for use of a HPG coated stent is described below.

[00268] Prior to the procedure, the medical practitioner may place a patient on aspirin
and/or other medication for several days prior to the procedure to assist with reducing

blood clots forming during the stent procedure.

[00269] To perform coronary angioplasty, the coated stent may be inserted into a
coronary artery through a catheter. The stent procedure will typically begin with an
angiography test to determine the number and exact location of any blockages. After the
medical practitioner has determined which blockages need treatment, the medical

practitioner will implant the coated stent:

[00270] With x-ray guidance, the medical practitioner will advance a thin wire through
the catheter to the treatment site in the coronary artery to penetrate the blockage and

provide support for the stent delivery system.

[00271] A tiny deflated balloon will be advanced to the blockage along the wire that is
already in place. Once the balloon is inside the blockage, the balloon will be inflated to
squeeze the plaque against the wall of the coronary artery and to widen the arterial

opening.
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[00272] Next, another deflated balloon with the coated stent mounted on it will be
advanced to the blockage. Once the coated stent is inside the blockage, the balloon is
inflated, thereby expanding the stent that surrounds it. The coated stent locks in place

against the artery wall, forming a scaffold to help keep the artery open.

[00273] After the stent has been fully expanded, additional X-ray imaging is taken to
determine if the stent is fully open and how much blood flow has been improved. The
medical practitioner may inflate the balloon additional times to be certain the stent is

firmly pressed against the vessel wall.

[00274] Once the medical practitioner is satisfied that the coated stent is fully open and
adequate blood flow has been restored, the balloon catheter, guidewire, and guide

catheter are removed.

[00275] It is anticipated that the HPG coated stent will provide an improvement to

thrombosis associated with the introduction of the stent.

[00276] The use of a HPG coated stent may also result in a reduction in the dose,
timing and/or duration of anti-clotting agent(s) required to be administered to a patient
after the procedure as compared to bare metal/metal alloy stents. A coated stent may

also provide improvements in the efficacy of stent action and/or longevity.

[00277] Although the present disclosure has been described with reference to particular
embodiments, it will be appreciated that the disclosure may be embodied in many other
forms. It will also be appreciated that the disclosure described herein is susceptible to
variations and modifications other than those specifically described. It is to be
understood that the disclosure includes all such variations and modifications. The
disclosure also includes all of the steps, features, compositions and compounds referred
to, or indicated in this specification, individually or collectively, and any and all

combinations of any two or more of the steps or features.

(TS L T

[00278] Also, it is to be noted that, as used herein, the singular forms “a”, “an” and

“the” include plural aspects unless the context already dictates otherwise.

[00279] Throughout this specification, unless the context requires otherwise, the word
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“comprise”, or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated element or integer or group of elements or integers but

not the exclusion of any other element or integer or group of elements or integers.

[00280] Reference to any prior art in this specification is not, and should not be taken
as, an acknowledgment or any form of suggestion that this prior art forms part of the

common general knowledge in any country.

[00281] The subject headings used herein are included only for the ease of reference of
the reader and should not be used to limit the subject matter found throughout the
disclosure or the claims. The subject headings should not be used in construing the

scope of the claims or the claim limitations.

[00282] The description provided herein is in relation to several embodiments which
may share common characteristics and features. It is to be understood that one or more
features of one embodiment may be combinable with one or more features of the other
embodiments. In addition, a single feature or combination of features of the

embodiments may constitute additional embodiments.

[00283] All methods described herein can be performed in any suitable order unless
indicated otherwise herein or clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., "such as") provided herein, is intended merely
to better illuminate the example embodiments and does not pose a limitation on the
scope of the claimed invention unless otherwise claimed. No language in the

specification should be construed as indicating any non-claimed element as essential.

[00284] Future patent applications may be filed on the basis of the present application,
for example by claiming priority from the present application, by claiming a divisional
status and/or by claiming a continuation status. It is to be understood that the following
claims are provided by way of example only, and are not intended to limit the scope of
what may be claimed in any such future application. Nor should the claims be
considered to limit the understanding of (or exclude other understandings of) the present

disclosure. Features may be added to or omitted from the example claims at a later date.
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CLAIMS

L. An anti-fouling and/or anti-thrombotic medical device, the device comprising a
raetallic substrate comprising a hyperbranched polyglycerol coating.

2. The medical device according to claim 1, wherein the hyperbranched
polyglycerol coating comprises a coating formed by a reaction comprising
polymerisation of glycidol monomers on the metallic substrate.

3. The medical device according to claims 1 or 2, wherein the hyperbranched
polyglycerol coating is formed by exposing the metallic substrate to a solution

comprising substantially pure glycidol or a solution comprising at least 96% glycidol.

4. The medical device according to any one of claims 1 to 3, wherein the
polymerisation of the glycidol monomers comprises a ring opening reaction of the

glycidol monomers.

S. The medical device according to any one of claims 2 to 4, wherein the coating
is formed on the metallic substrate activated by plasma treatment.

&. The medical device according to claim 5, wherein the coating 1s formed on the
retallic substrate activated by plasma treatment in the presence of an inert and/or non-
depositing gas.

7. The medical device according to claims 5 or 6, wherein the plasma treatment

comprises radio frequency induced plasma treatment.

8. The medical device according to any one of claims 1 to 7, wherein the coating

is formed directly on the metallic substrate.

9. The medical device according to any one of claims 1 to 8, wherein the metallic

substrate comprises a steel alloy, a nickel titanium alloy or a cobalt chromium alloy.

10. The medical device according to any one of claims 1 to 9, wherein the medical
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device comprises a vascular stent or a vascular cannula.

11 The medical device according to claim 10, wherein the vascular stent is a

coronary stent.

12, The medical device according to any one of claims 1 to 11, wherein in use the
medical device comprises one or more characteristics selected from reduced attachment
of cells and/or proteins to the medical device, reduced attachment of platelets to the
medical device, reduced activation of platelets by the medical device, and reduced fibrin

formation on the medical device.

13. Use of a medical device according to any one of claims 1 to 11 to prevent
and/or treat a condition selected from arterial or venous narrowing, angina, an

aneurysim, of to repair or support an artery or vein.

14. A method of treating a vascular condition in a subject, the method comprising
using a medical device according to any one of claims 1 to 12 to treat the vascular

condition.

15, The method according to claim 14, wherein the vascular condition comprises
arterial or venous narrowing, angina, an aneurysm, or repair or support of an artery or

vein,

16. A roethod of reducing fouling and/or thrombosis associated with a medical
device comprising a metallic substrate, the method comprising coating the metallic

substrate with a hyperbranched polyglycerol.

17 The method according to claim 16, wherein the coating of the metallic

substrate comprises polymerisation of glycidol monomers on the metallic substrate.

8. The method according to claim 17, wherein the coating of the metallic
substrate comprises exposing the metallic substrate to a solution comprising

substantially pure glycidol or a solution comprising at least 96% glycidol.
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19, The method according to claims 17 or 18, wherein the polymernisation of the

glycidol monomers comprises a ring opening reaction of the glycidol monomers.

20. The method according to any one of claims 16 to 19, wherein the coating

comprises activation of the metallic substrate by plasma treatment.

21 The method according to claim 20, wherein the coating comprises activation of
the metallic substrate by plasma treatment in the presence of an inert and/or non-

depositing gas.

22. The method according to claims 20 or 21, wherein the plasma treatment
comprises radio frequency induced plasma treatment.

23. The method according to any one of claims 16 to 22, wherein the coating

7

comprises formation of the coating directly on the metallic substrate.

24, The method according to any one of claims 16 to 23, wherein the medical

device comprises a vascular stent or a vascular cannula.

25. The method according to claim 24, wherein the vascular stent is a steel alloy

stent, a nickel titantum alloy stent or a cobalt chromium alloy stent.

26. The method according to any one of claims 16 to 25, wherein the reduction of
fouling and/or thrombosis comprises one or more of a reduction in attachment of cells
and/or proteins to the one or more surfaces, a reduction in attachment of platelets to the
one or more surfaces, a reduction in the activation of platelets by the one or more

surfaces and a reduction in fibrin formation on the one or more surfaces.

27. A method of coating a metallic substrate with a hyperbranched polyglycerol,
the method comprising polymerisation of glycidol monomers to form a hyperbranched
polyglycerol on the metallic substrate and thereby coating the substrate with the

hyperbranched polyglycerol.

28. The method according to claim 27, wherein the method comprises exposing the
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metallic substrate to a solution comprising substantially pure glycidol or a solution

comprising at least 96% glycidol.

29. The method according to claims 27 or 28, wherein the polymerisation of the

glycidol monomers comprises a ring opening reaction of the glycidol monomers.

30. The method according to any one of claims 27 to 29, wherein the method

comprises activation of the metallic substrate by plasma treatment.

31 The method according to claim 30, wherein the method comprises activation of
the metallic substrate by plasma treatment in the presence of an inert and/or non-

depositing gas.

32 The method according to claims 30 or 31, wherein the plasma treatment
comprises radio frequency induced plasma treatment.
wherein the method

33 The method according to any one of claims 30 to 32

3

comprises formation of the coating directly on the plasma activated metallic substrate.

34 The method according to any one of claims 30 to 33, wherein the plasma

treatment comprises treatment using a power in the range of 10 W or greater.

35. The method according to any one of claims 30 to 34, wherein the plasma

treatment comprises treatment using a power in the range of 100 W to S00 W,

36. A metallic subsirate coated by the method according to any one of claims 27 to
35

37. A medical device comprising a coated metallic substrate according to claim 36,
38. A method of forming a hyperbranched polyglycerol coating on a metallic

substrate, the method comprising exposing the metallic substrate to polymerisation of
glycidol roonomers and thereby form a hyperbranched polyglycerol coating on the

metallic subsirate.
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39. The method according to claim 38, wherein the method comprises exposing the
metallic substrate to a solution substantially pure glycidol or a solution comprising at

ieast 96% glycidol.

40. The method according to claims 38 or 39, wherein the polymernsation of the

glycidol monomers comprises a ring opening reaction of the glycidol monomers.

41 The method according to any one of claims 38 to 40, wherein the method

comprises activation of the metallic substrate by plasma treatment.

42. The method according to claim 41, wherein the method comprises activation of
the metallic substrate by plasma treatment in the presence of an inert and/or non-

depositing gas.

43. The method according to claims 41 or 42, wherein the plasma treatment

comprises radio frequency induced plasma treatment.

44. The method according to any one of claims 38 to 43, wherein the method

comprises formation of the coating directly on the metallic substrate.

45, The method according to any one of claims 41 to 44, wherein the plasma
treatment comprises treatment using a power of 10W or greater.

46. The method according to any one of claims 41 to 45, wherein the plasma

2

treatment comprises treatment using a power in the range of 100 W t0 300 W,

47. A hyperbranched polyglycerol coated metal and/or metal alloy substrate

produced according to the method of any one of claims 38 to 46

48, A method of producing an anti-fouling and/or anti-~thrombotic medical device,
the method comprising using a hyperbranched polyglycerol coated metallic substrate in

the device to reduce fouling and/or thrombosis associated with the medical device.
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like terms Applicant/Inventor search was conducted in CAplus, BIOSIS and MEDLINE.
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Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents;
"A"  document defining the general state of the art whichisnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or  "Y"  document of particular relevance; the claimed invention cannot be considered to
which 1s cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"o" document referring to an oral disclosure, use, exhibition o .
or other means & document member of the same patent family
"pY document published prior to the international filing date
but later than the priority date claimed
Date of the actnal completion of the international search Date of mailing of the international search report
10 April 2017 10 April 2017
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Andrew Davis
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Telephone No. 0262104067
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Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

WEBER, T. et al., 'Direct grafting of anti-fouling polyglycerol layers to steel and other
technically relevant materials', Colloids and Surfaces B: Biointerfaces, 2013, vol. 111,
pages 360-366

X see Materials and methods; § 2.2 Substrates; § 2.3 Film formation; Figure 5 1-9, 12, 16-23, 26-27, 29-38,
40-48
JP 2009061021 A (UNIV KANSAI; TERUMO CORP) 26 March 2009
X see Working Examples; Figure 7 1, 9-16, 24-26, 48
RU 2542919 C1 (FEDERAL NOE G BJUDZHETNOE OBRAZOVATEL NOE
UCHREZHDENIE VYSSHEGO PROFESSIONAL NOGO OBRAZOVANIJA VOLG)
27 February 2015
X see Example 27-30, 32-34, 36, 38-41, 43-
45,47
A see Example 3,18
US 2007/0281117 A1 (KAPLAN et al.} 06 December 2007
A see [0045] 6,21,31,42
WO 2013/037008 A1 (UNIVERSITY OF SOUTH AUSTRALIA) 21 March 2013
A see page 4, paragraphs 2 & 5; page 7, paragraph 2 35,46
HARRICK Basic Plasma Cleaner PDC-32G [retrieved from the internet on 15
November 2016] <URL: http://harrickplasma.com/products/basic-plasma-cleaner>
published on 09 July 2014 as per the Wayback Machine
L Provides evidence of the Harrick PDC-32G power range disclosed in D1
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IP 2009061021 A 26 March 2009 JP 2009061021 A 26 Mar 2009
RU 2542919 C1 27 February 2015
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CA 2653984 Al 13 Dec 2007
EP 2026855 A2 25 Feb 2009
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AU 2011224068 Al 04 Apr 2013
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