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(57) Abstract: A method 1s disclosed for providing a medical device with antibacterial activity, comprising the steps of: providing
a substrate material coated with a hydrophilic polymer, said hydrophilic polymer exhibiting a low friction when wetted; providing
a colloidal solution comprising chemically reduced particles of an oligodynamic metal and a hydrophilic polymer, said hy-
drophilic polymer being the same as in the coating of the substrate material; and dipping said substrate material in the solution. A
medical device prepared accordingly is also disclosed. By means of this method, very advantageous properties of the antibacterial
coating are obtained. In particular, a relatively low release rate 1s obtained mn the wetting fluid, and a relatively high release rate 1s
obtained in the intended use situation, e.g. when inserted into the urethra.
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MEDICAL DEVICE FOR SHORT TIME USE WITH QUICKLY
RELEASABLE ANTIBACTERIAL AGENT

Field of the invention

The present invention relates to a medical device comprising a substrate
material and a hydrophilic surface coating arranged on at least a part of the surface of
said substrate material. The medical device further comprises an antibacterial agent,
and provides an etficient release of said antibacterial agent. Further, the invention

relates to a method for the production of such a medical device.

Background of the invention

It 1s known to coat medical devices, ¢.g. catheters for introduction into human
cavities such as blood vessels, digestive organs and the urmary system, with a
hydrophilic coating, at Icast on the surface of the msertable part which 1s introduced
or comcs 1nto contact with mucous membrancs, ctc., during imtroduction of the
device. An advantage with such a hydrophilic coating 1s that 1t becomes extremely
slippery when 1t 1s swelled with water, preferably immediately before mtroduction
into the human body and thus ensures a substantially painless introduction with a
minimum of damage on tissue.

A large number of methods are known for the production of hydrophilic
surface coatings. A known hydrophilic coating process 18 ¢.g. disclosed m EP 0 093
093, where 1socyanate 1s used to form a polyurca network for connecting hydrophilic
PVP to the substrate. Further, EP 0 217 771 describes a method of adding an
osmolality increasing compound to such a hydrophilic coating in order to improve the
water retention properties and low friction of the coating. Further, WO 98/58989
discloscs a hydrophilic coating which 1s cross-linkcd by mcans of 1irradiation, and
incorporating a water soluble osmolality increasing compound therein.

However, despite adherence to sterile guidelines etc, the use of medical
devices, and 1n particular introduction of medical devices into natural and artificial
body openings, implies a risk of bacterial contamination. For example, insertion and

maintenance of uriary catheters poses a problem 1n relation to catheter-associated
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infections. When medical devices such as a catheter 1s introduced into the human
cavity, the normal human defense barrier may be penetrated, which can result in
introduction of bacteria, fungi, vira, or tissue-like or multiple organized cells. Urmary
tract infection (UTI), for mstance, 18 a problem associated with the use of urinary
catheters, including hydrophilic catheters with hydrophilic coatings for intermittent
use. It 1s estimated that almost one-quarter of hospitalized spinal cord-injured patients
develop symptomatic UTI during therr hospital course. Gram-negative bacilli account
for almost 60-70%, cntcrococci for about 25% and Candida spccics for about 10% of
cascs of UTI. It 1s well known that persons practicing mtermittent urethral
catheterization as a daily routine often have problems with symptomatic UTT.

To this end, and 1n order to maintain sterility and cleanness ot the medical
deivice, medical devices, such as urinary catheters, may be coated with an
antimicrobial compound for prevention of bacterial mfection. US 2006/0240069, for
instance, discloses a use of at least one salt of organic acid(s), and preferably a
benzoate or a sorbate, as an antimicrobial agent. Further, WO 00/09173 discloses a
stabilized composition having antibacterial, antiviral and/or antifungal activity
characterized 1n that 1t comprises a silver compound. Light stabilized silver
composition can be introduced mto catheters or similar medical devices.

For many ycars silver and silver salts have been uscd as antimicrobial agents.
Silver salts, colloids, and complexes have also been used to prevent and to control
infection. For example, colloidal metallic silver has been used topically for
conjunctivitis, urethritis, and vaginitis. Other metals, such as gold, zinc, copper, and
cerium, have also been found to possess antimicrobial properties, both alone and in
combination with silver. These and other metals have been shown to provide
antimicrobial behavior even in minute quantities, a property referred to as
"oligodynamic."

Other examples of medical devices having a hydrophilic coating, and an
antimicrobial composition such as silver arranged as a separate layer or introduced
into the hydrophilic layer, are disclosed in US 7 378 156 and in EP 1 688 470.

Howcvcr, a problem with known mcthods of using oligodynamic mctals as
antimicrobial and antibacterial agent in medical devices 1s that 1t 1s difficult to control

the release of the oligodynamic metal 1ons. If the release rate 1s too low, the
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antibacterial properties would be mmadequate, and at the same time a too high release

rate may be uncomfortable and even harmful for the patient, and also results n a
more costly product. In addition, a too high release rate may result in a substantial
loss of oligodynaic compound 1n the wetting solution, again Ieading to inadequate
antibacterial properties m the intended use situation. Accordingly, there 1s a need for
an improved medical device of the above-discussed type, where the release rate of the

oligodynamic metal 1ons can be controlled more accurately.

Summary of the invention

It 1s therefore an object of the present mvention to provide a medical device
and a method for producing such a medical device, enabling an improved control of
the release rate of an antimicrobial or antibacterial agent, and thereby alleviating the
above-discussed problems of the previously known solutions.

This object 1s achieved with a medical device and a method according to the
appended claims.

According to a first aspect of the mmvention there 1s provided a method for
providing a medical device with antibacterial activity, comprising the steps of:

providing a substrate material coated with a hydrophilic polymer, said
hydrophilic polymer exhibiting a low friction when wetted;

providing a colloidal solution comprising chemically reduced particles of an
oligodynamic metal and a hydrophilic polymer, said hydrophilic polymer being the
same as in the coating of the substrate material; and

dipping said substrate material in the solution.

It has surprisingly been found by the present inventors that by dipping the
coated substrate 1n a colloidal solution comprising chemically reduced particles of an
oligodynamic metal and a hydrophilic polymer, wherein the hydrophilic polymer 1s
thc samc as 1n the coating of the substratc matcrial, a high concentration of colloidal
particles of the oligodynamic metal and the hydrophilic polymer 1s obtained 1n the
coating. Further, 1t has been found that the release of said particles when the coating
1s 1n a wetted state in subsequent use of the medical device, such as when a urinary

catheter 1s mserted mto the urethra, 1s very efficient, allowing a substantial part of the
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particles to be released 1n a relatively short time. Hereby, a substantial part of the

particles are released and actively working as antibacterial agents. The released
particles also continue to be active for a substantial time after the release. Hereby,
when used 1n ¢.g. urinary catheters for intermittent catheterization, the released
particles will remain 1n the urethra and the bladder even when the urinary catheter 1s
withdrawn, and consequently provide an antibacterial effect also between
catheterizations.

Hcreby, 1t becomes possible to ctfectively tailor the antibacterial propertics of
the medical device for the intended use, and optimize the antibacterial effect and at
the same time effectively preventing any excessive release of antibacterial 1ons,
which may be harmful for the patient.

Without the intention to be bound to any theories, it 1s assumed that the reason
for the very efficient release of silver from the medical device according to the
present invention 1s at least partly due to the very large contact surface arca being
provided by the small colloidal particles, and relative loose bond holding the particles
to the coating of the medical device.

The hydrophilic polymer m the colloidal solution functions as a stabilization
agent, limiting the growth of the colloidal particles to a desired size. Further, the
rcsulting colloidal particlcs will comprisc the hydrophilic polymer. It 1s assumcd that
the hydrophilic polymer hereby forms an outer layer on the particles, 1.¢. like an
encapsulation of the metallic mner content. The inclusion of hydrophilic polymer
onto the colloidal particles also provides a very good adherence to the hydrophilic
coating of the medical device, at the same time providing a high concentration of
colloidal particles 1n the coating after dipping, and also a relatively loose connection
between the particles and the coating, enabling a fast a relhiable release of the particles

and 1ons durmg subsequent use.

By “colloidal solution” 1s in the context of this application understood a
solution 1n which the particles are present in such a small grain size that they
dispcrscd cvenly throughout the solvent and maintain a homogcencous appcarance.
However, the particles of the dispersed substance are only suspended 1n the mixture,

unlike 1 a solution, in which they are completely dissolved. The “colloidal solution™
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colloidal system”. The colloid particles preferably have

X194

may also be referred to as a
a diameter of between approximately 1 and 200 nanometers. Such particles are
normally mvisible to an optical microscope, though their presence can be confirmed
indirectly from light scattering or with the use of an ultramicroscope or an electron
miCroscope.

By "oligodynamic metals" are in this application meant any metal that has
antimicrobial or antibacterial behavior even in minute quantities. Examples of such
oligodynamic mctals arc silver, ¢.g. in the form of silver salts, colloids, and
complexes, and other metals, such as gold, zinc, copper, and cerrum.

The oligodynamic metal of the antibacterial layer preferably comprises silver.
Silver 1ons have a well-documented and effective antibacterial etfect, and have also
been found to be adequately controllable by means of an upper hydrophilic layer of a
suitable thickness. Since the particles comprise crystallized silver, the release of silver
ions from the particles will continue for a substantial time after the release of the

particles.

The hydrophilic polymer of the hydrophilic surface coating 1s preferably at
least one of: polyvinyl compounds, polylactames, 1n particular such as polyvinyl
pyrrolidoncs, polysaccharidcs, m particular heparin, dextran, xanthan gum,
derivatised polysaccharides, hydroxy propyl cellulose, methyl cellulose,
polyurethanes, polyacrylates, polyhydroxyacrylates, polymethacrylates,
polyacrylamides, polyalkylene oxides, in particular polyethylene oxides, polyvinyl
alcohols, polyamides, polyacrylic acid, copolymers of the previously mentioned
polymers, copolymers of vinyl compounds and acrylates or anhydrides, copolymers
of vinylpyrrolidone and hydroxy ethylmethyl acrylate, cationic copolymers of
polyvinyl pyrrolidone and copolymer of polymethylvinyl ether and maleinic acid
anyhydride. Preferably the hydrophilic surface coating comprises a hydrophilic
polymer which obtains a significantly lowered surface friction when wetted with a
wetting liquid. Most preferably, the hydrophilic surface coating comprises

polyvinylpyrrolidonc (PVP).

-----
QQQQQQ
444444444
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The provision of the colloidal solution preferably comprises mixing an
oligodynamic metal salt in a solvent together with a reducing agent and the
hydrophilic polymer.

When the oligodynamic metal is silver, the oligodynamic metal salt is
preferably selected from the group consisting of AgNOs;, CH3;CO,Ag,
CH;CH(OH)CO;Ag, AgCIO4, AgSO4, Ag,05, AgBF,4, AglOs, AgCI, Agl and AgBr.
Most preferably, the oligodynamic metal salt is silver nitrate.

The solvent 1s preferably watcer and/or cthanol. Most preferably, the solvent 1s
water, because 1t 1S easy to use and leaves no harmful residues etc, and 1s also very
cost efficient. However, alternative solvents are also feasible, such as methanol or
methylene chloride.

The reducing agent 1s preferably selected from the group consisting of
boranes, copper hydride, diborane, duisobutylaluminium hydride, ascorbic acid,
dimethylsulfide borane, formaldehyde, formic acid, hydrazine, 1sopropanol, lithium
aluminum hydride, lithium tetrahydridoaluminate, nickel, nickel borohydride, oxalyc
acid, polymethylhydrosiloxane, sodium bis(2-methoxyethoxy)aluminumhydride,
sodium borohydride, sodium cyanoborohydride, sodium hydrosulfite, sodium
tetrahydroborate, sodium triacetoxyborohydride, tributylstannane, tributyltin hydride,
trichlorosilanc, triphcnylphosphing, triphcnylphosphite, tricthylsilanc,
tris(trimethylsilyl)silane and sodium borohydride. Most preferably, the reducing agent
1S ascorbic acid.

The hydrophilic polymer 1s preferably at least one of: polyvinyl compounds,
polylactames, in particular such as polyvinyl pyrrolidones, polysaccharides, 1n
particular heparm, dextran, xanthan gum, derivatised polysaccharides, hydroxy propyl
cellulose, methyl cellulose, polyurethanes, polyacrylates, polyhydroxyacrylates,
polymethacrylates, polyacrylamides, polyalkylene oxides, in particular polyethylene
oxides, polyvinyl alcohols, polyamides, polyacrylic acid, copolymers of the
previously mentioned polymers, copolymers of vinyl compounds and acrylates or
anhydrides, copolymers of vinylpyrrolidone and hydroxy ethylmethyl acrylate,
cationic copolymcrs of polyvinyl pyrrolidonc and copolymcr of polymcthylvinyl
cther and maleinic acid anyhydride. Most preferably, the hydrophilic polymer 1s
polyvimyl pyrrolidone.

-----
QQQQQQ
444444444
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The hydrophilic coating preferably forms a polyurea network, and most

preferably the polyurea network 1s arranged to form a covalent bond to active
hydrogen groups in the substrate. Alternatively, the hydrophilic coating may form an
ester bond or an epoxy bond to active hydrogen groups 1n the substrate.

5 According to one embodiment, coating of the substrate material may be made
by a process comprising the steps of: applying sequentially to the surface of the
substrate first a solution comprising between 0.05 to 40% (weight to volume) of an
1socyanatc compound and thercafter a solution containing between 0.5 and 50%
(weight to volume) of polyvinylpyrrolidone and curing at an elevated temperature.

10 However, other hydrophilic coatings are also feasible, such as a coating
comprising hydrophilic polymers cross-linked directly to the substrate. The cross-
linking may be effected by means of irradiation, ¢.g. by electron beams or UV light.

The present invention 1s particularly suitable for the catheters, and specifically
urinary catheters, and most preferably for urinary catheters for intermittent, short time

15  use. The term “short term use” indicates a use that 1s limited in time, and 1n particular
[imited to a time period of less than 15 minutes, and preferably less than 10 minutes,
and most preferably less than 5 minutes.

However, the production method 1s also useful for many other types of
mcdical devices having a hydrophilic coating. Accordingly, the mcthod according to

20  the present invention 18 not limited to urinary catheters. Examples of such other
medical devices for which the present invention 1s usetul are vascular catheters and
other types of catheters, endo and laryngoscopes, tubes for teeding, or drainage or
endotracheal use, condoms, wound dressings, contact lenses, implants, extracorporeal
blood conduits, membranes ¢.g. for dialysis, blood filters and devices for circulatory

25  assistance.

The present invention 1s useable for a large variety of different substrate
materials. However, preferably the substrate 18 made of a polymer material. The
substrate may ¢.g. comprise at least one of: polyurethanes, latex rubbers, silicon
rubbers, other rubbers, polyvinylchloride (PVC), other vinyl polymers, polyesters,

30  polyacrylatcs, polyamidcs, polyolcfincs, thermoplastic clastomers, styrene block

copolymers (SBS), or polyether block amid (PEBA).
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The coating solution may further comprise a dissolved osmolality increasing
compound, such as sodium chloride. Other osmolality increasing compounds, such as urea
and the omsolality increasing compounds discussed in EP 0 217 771 are also feasible.

Additionally or alternatively, it is also possible to provide the osmolality increasing compound

in the wetting fluid.

According to another aspect of the present invention, there is provided a medical
device with antibacterial activity, comprising a substrate material and a hydrophilic polymer
surface coating arranged on at least a part of the surface of said substrate material, said
hydrophilic polymer exhibiting a low friction when wetted, wherein said coating further
comprises colloidal particles of an oligodynamic metal and a hydrophilic polymer, said

hydrophilic polymer being the same as in the coating of the substrate material.

In an embodiment, the invention relates to a method for providing an intermittent
urinary catheter with antibacterial activity, comprising the steps of: providing a substrate
material coated with a hydrophilic polymer, said hydrophilic polymer exhibiting a low friction
when wetted; providing a colloidal solution comprising chemically reduced particles of an
oligodynamic metal and a hydrophilic polymer, said hydrophilic polymer being the same as in
the coating of the substrate material, and wherein the colloidal particles are of a size within

the range 1 — 200 nm; and dipping said substrate material in the solution.

In an embodiment, the invention relates to an intermittent urinary catheter with
antibacterial activity, comprising a substrate material and a hydrophilic polymer surface
coating arranged on at least a part of the surface of said substrate material, said hydrophilic
polymer exhibiting a low friction when wetted, wherein said coating further comprises

colloidal particles of an oligodynamic metal, wherein the colloidal particles are of a size

within the range 1 — 200 nm.

By means ot the latter aspects of the invention, similar advantages and specific

embodiments as discussed in respect of the first discussed aspect and embodiments are

obtainable.
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These and other aspects of the invention will be apparent from and elicidated with

reference to the embodiments described hereinafter.

Description of preferred embodiments

In the tollowing detailed description preferred embodiments of the invention will be
described. However, it 1s to be understood that features of the different embodiments are
exchangeable between the embodiments and may be combined in different ways, unless
anything else is specifically indicated. The hydrophilic medical devices may be used for many
different purposes, and for insertion into various types of body-cavities. However, the
following discussion is in particular concerned with the preferred field of use, urinary
catheters, even though the invention is not limited to this particular type of catheters or even
this particular type of medical device. It is to be appreciated by those skilled in the art that the

inventive concept is not limited to any certain type of devices, but could be used different

types of medical devices.
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In case of catheters, at least a part of an elongate tube forms an 1nsertable

length to be mserted through a body opening of the user, such as the urethra in case of
a urinary catheter. By msertable length 18 normally, 1n the context of a hydrophilic
catheter, meant that length of the elongate tube which 1s coated with a hydrophilic
material, for example PVP, and which 1s msertable ito the urethra of the patient.
Typically, this will be 80-140 mm for a female patient and 200-350 mm for a male
patient.

Thce clongatc shaft/tubc of the cathcter 1s madc of a substratc matcrial. The
substrates may be made from any polymer material, which are well-known 1n the
technical field and to which the said hydrophilic polymers adhere, such as
polyurethanes, latex rubbers, other rubbers, polyvinylchloride, other vinyl polymers,
polyesters and polyacrylates. However, preferably the substrate 1s made of a polymer
blend comprising a polyolefin and a composition having molecules with active
hydrogen groups, and preferably a composition having molecules with active
hydrogen groups. The polyolefin can comprise at Ieast one polymer selected from the
oroup: polyethene, polypropene, and styrene block copolymer (SBS). The
composition having molecules with active hydrogen groups can be a polymer having
active hydrogen groups bound to the polymer via nitrogen, such as polyamide or
polyurcthanc.

A hydrophilic coating 1s arranged on at least part of the substrate forming the
catheter shaft, and on top of the above-discussed antibacterial coating layer. The
hydrophilic polymer coating may comprise material selected from polyvinyl
compounds, polysaccharides, polyurethanes, polyacrylates or copolymers of vinyl
compounds and acrylates or anhydrides, especially polyethyleneoxide, polyvinyl-
pyrrolidone, heparin, dextran, xanthan gum, polyvinyl alcohol, hydroxy propyl
cellulose, methyl cellulose, copolymer of vinylpyrrolidone and hydroxy ethylmethyl
acrylate or copolymer of polymethylvinyl ether and maleinic acid anyhydride. The
preferred hydrophilic polymer 1s polyvinylpyrrolidone.

A preferred method for coating of the substrate will now be disclosed in more
dctail. Thc outcr surface of the clongatc shaft 1s preferably coated with a stable
hydrophilic coating by applying sequentially to the surface of the substrate first a

solution comprising between 0.05 to 40% (weight to volume) of an 1socyanate

-----
QQQQQQ
444444444
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compound and thereafter a solution containing between 0.5 and 50% (weight to

volume) of polyvinylpyrrolidone and curing at an elevated temperature. The
1socyanate solution may advantageously contain between 0.5 to 10% (weight to
volume) of the 1socyanate compound, and may preferably contain between 1 to 6%
5  (weight to volume) of the 1socyanate compound. Generally, the 1sSocyanate solution
only needs to be in contact with the surface briefly, for example 5 to 60 sec.
Application of the 1socyanate solution to the substrate surface results in a
coating having unrcactcd 1socyanatc groups being formed on the substratc surfacc.
Application of the polyvinylpyrrolidone solution to the substrate surface then results

10 1 a hydrophilic polyvinylpyrrolidone-polyurea interpolymer coating being formed.
Curing of this hydrophilic coating binds the 1socyanate compounds together to form a
stable non-reactive network that binds the hydrophilic polyvinylpyrrolidone. To
advantage, curing takes place in the presence of a water-containing gas, for example
ambient air, to enable the 1socyanate groups to react with the water to yield an amine

15  which rapidly reacts with other isocyanate groups to form a urea cross-link. Further,
the method may comprise the steps of evaporating the solvent of the 1socyanate
solution prior to application of the polyvinylpyrrolidone solution and evaporating the
solvent of the polyvinylpyrrolidone solution prior to curing of the hydrophilic
coating. This may for cxamplc bc donc by air drying.

20 The 1socyanate compound preferably comprises at least two unreacted
1socyanate groups per molecule. The 1socyanate may be selected from 2,4-toluene
duisocyanate and 4,4'-diphenylmethane diisocyanate, or a pentamer of hexamethylene
diisocyanate and toluene diisocyanate of cyanurate type, or trimerized hexamethylene
dusocyanate biuret or mixtures thereof.

25 The solvent for the 1Socyanate compound 18 preferably one which does not
react with 1socyanate groups. The preferred solvent 1s methylene chloride but 1t 1s also
possible to use ethyl acetate, acetone, chloroform, methyl ethyl ketone and ethylene
dichloride, for example.

In order to shorten the necessary reaction times and curing times suitable

30  catalysts for 1socyanatc curing may bc added. Thesc catalysts may be dissolved 1n

either the 1socyanate solution or the polyvinylpyrrolidone solution but are preferably

dissolved 1n the latter. Different types of amines are especially useful, for example
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diamines, but also for example triethylenediamine. Preferably, an aliphatic amine 1s
employed which 1s volatisable at the drying and curing temperatures used for the
coating, and which furthermore 1s non-toxic. Examples of suitable amines are N,N'
dicthylethylendiamine, hexamethylendiamine, ethylendiarnine, paradiaminobenzene,
5  1,3-propandiol-para-aminobenzoic acid diester and diaminobicyclo-octane.
The polyvinylpyrrolidone used preferably has a mean molecular weight of
between 104 to 107 with the most preferred mean molecular weight being about 105.
Polyvinylpyrrolidonc¢ having such a molccular wcight 1s commcreially available, for
example under the trademark Kollidon® (BASF). Examples of suitable solvents for

10 polyvinylpyrrolidone that may be used are methylene chloride (preferred), ethyl
acetate, acetone, chloroform, methyl ethyl ketone and ethylene dichloride. The
proportion of polyvinylpyrrolidone in the solution 1s preferably between 0.5 to 10%
(weight to volume) and most preferred between 2 to 8% (weight to volume). The
polyvinylpyrrolidone in the solvent 1s applied by dipping, spraying or the like for a

15  short period of time, €.g. during 5 to 50 sec.

Curing of the coating is preferably performed at a temperature of 50 to 130
deg. C., in for example an oven, for a duration of between 5 to 300 min.

However, 1t 18 also feasible to use other types of hydrophilic coatings, such as
coatings cross-linkcd by mcans of UV or c-bcam radiation.

20 Colloidal particles mncluding an oligodynamic metal, preterably silver, and the
same hydrophilic polymer as 1n the coating are further incorporated 1nto the coating.
Pretferably, these colloidal particles are introduced after forming of the coating on the
substrate, and most preferably by means of dipping the coated medical device in a
colloidal solution.

25 The colloidal solution 1s preferably prepared by mixing an oligodynamic
metal salt in a solvent together with a reducing agent and the hydrophilic polymer.

When the oligodynamic metal is silver, the oligodynamic metal salt 1s
preferably selected from the group consisting of AgNOs;, CH;CO,Ag,
CH;CH(OH)CO,Ag, AgCIO4, AgS0O4, Ag,03, AgBF,4, AglOz, AgCI, Agl and AgBr.

30  Most preferably, the oligodynamic mctal salt 18 silver nitratc. The solvent 1s

preterably water and/or ethanol. The reducing agent 1s preferably ascorbic acid
(CsHgOg).

-----
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Preterably, the colloidal solution, when it comprises 100 parts by weight of

oligodynamic metal, such as silver, and in particular silver nitrate, further comprises
the corresponding relative amounts, i.e. relative to the oligodynamic metal, of 20 —
100 parts by weight of the hydrophilic polymer, and in particular PVP, and more
preferably 50 — 100 parts by weight, and most preferably 75 — 85 parts by weight.
Still turther, the colloidal solution preferably comprises the corresponding relative
amounts ot 0.01 — 10 parts by weight of the reducing agent, and in particular ascorbic
acid, and more preferably 0.1 — 1.0 parts by weight, and most preferably 0.3 — 0.7.
The coating may also comprise an osmolality-increasing compound, as is e.g.
taught in EP 0 217 771. For example, the hydrophilic coating may contain an
osmolality-increasing compound, for instance an inorganic salt selected from sodium
and potassium chlorides, iodides, citrates and benzoates. Additionally or alternatively,

it 18 also possible to provide the osmolality increasing compound in the wetting fluid.

Experimental results |

In a first line of experiments, catheters were prepared using a substrate
material of a combination of the materials Polypropene, Polyethen Polyamide and
Styren-ethen/buten-styren co-polymer, generally sold under the trade name Meliflex.

The substrates were coated with a hydrophilic coating. More specifically, a per
s¢ known coating process was used, in which isocyanate is used to form a polyurea
network for binding PVP. More specifically, the coating according to the comparative

example was prepared by dipping the substrates in a primer solution comprising a
duisocyanate (named Desmodl’lﬁ[ IL), which 1s dissolved in methylene chloride to a
concentration of 2% (weight/volume), for 15 seconds. The catheters were thereafter
dried at ambient temperature for 60 seconds, and are then dipped for 3 seconds in a
solution containing 7% (wetght/volume) of polyvinylpyrrolidone (PVP K90)
dissolved in methylene chloride. The catheters were then allowed to flush off at 35

deg. C for 30 minutes, and then cured for 60 minutes at 80 deg. C, and were finally
allowed to cool to room temperature and rinsed in water.

Thereafter, the coated catheters were dipped in colloidal solutions comprising
colloidal silver particles. For this purpose, difterent colloidal solutions were used,

having different concentrations of silver, colloidal silver particles of various sizes,
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etc. The catheters were dipped 1n the colloidal solution for 5 minutes, and were

subsequently dried for 5 hours at 85 degrees C.
Subsequently, the catheter were packed and sterilized by radiation with a

product dose of minimum 25 kGy.

The colloidal solution was prepared using different amounts of three different
solutions, where said solutions were:
e Solution 1: 0.009 g ascorbic acid m 500 ml demineralized water (0.1 mM)
e Solution 2: 0.198 g AgNO3 1 580.5 ml demineralized water (2mM)
e Solution 3: 0.162 g PVP (K30) in 292.5 ml demineralized water (5 mM).

Solution 3 and solution 2 wcrce first mixcd togcther, and stirrcd and heated.
When the combined solution reaches a certain temperature, a specified amount of
solution 1 1s added. For the preparation of the various colloidal solutions, solution 1
(0.1 mM) was added at different temperatures and with different quantities.

The concentration of colloidal silver particles and the size of the colloidal
particles of the resulting colloidal solutions were calculated based on measurements
with Ultraviolet-visible spectroscopy. The degree of silver from the silver nitrate
being transformed into colloidal particles were also calculated.

Antibacterial activity was tested with a method simulating a real use situation
for urinary catheters. Hereby, the catheters were first wetted for 30 seconds 1n wetting
liquid. Then, the catheters were dipped 1n a bacteria containing solution, simulating
urinc containing bactcria. Morc spccifically, the solution containcd Escherichia coli
(E.coli) at a concentration of 10° CEU/ml. CFU here stands for Colony Forming
Units. Subsequently, the solutions in which catheters were dipped were 1ncubated at
37 degrees C for four hours, simulating the interval between catheterizations. The
concentration of bacteria was then measured as CFU/ml and compared with the

starting concentration.

In a first series of experiments, the colloidal solution was prepared using all
(580.5 ml) of Solution 2, all (292.5 ml) of Solution 3, and 50 ml of Solution 1. As 18

presented 1in Table 1 below, Solution 1 was added at various temperatures:
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Solution | Temperature Colloidal Number of Degree of silver
Example particle size colloidal forming colloidal
(diameter) particles particles

Al Room tcmpcraturc | - - -
A2 Room temperature, | 60 nm 1.2 E+11 20%

and subsequent

heatng to 95 °C
A3 60 °C 90 nm 1.2 E+11 60%
A4 80 °C 70 nm 4.0 E+11 90%
AS 90 °C 60 nm 6.5 E+11 80%
A6 95 °C 60 nm 6.5 E+11 85%

Table 1: Variation of temperature when ascorbic acid is added

From the measurements presented 1in Table 1, the following observations can

be made:

No colloidal silver particles are formed at room temperature.

However, mixing of the solutions at room temperature and subsequent heating
resulted 1 formation of colloidal particles.

The si1z¢ of the colloidal particles were essentially the same for the solutions
heated to 90 and 95 degrees C, regardless of whether the heating occurred
prior to or subsequent to adding of the reducing agent (ascorbic acid).

Heating to 80 degrees C resulted 1n larger colloidal particles, and heating to 60
degrees C resulted in still larger particles.

Accordingly, 1t 1s concluded that lower temperatures generates larger particles,
and that the resulting particle size may be controlled by controlling the
tempcerature.

Larger quantities of colloidal particles are formed at higher temperature than at
lower temperatures.

A significantly higher degree of the available silver forms colloidal particles
when the heating occurs prior to addition of the reducing agent (ascorbic

acid) than when heating occurs after the mixing.
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e Higher mixing temperatures provide a higher degree of the available silver

being formed into colloidal particles.

The antibacterial effect of all the solutions A2-A6 were tested on E.coli, and
were found to have excellent antibacterial activity.

The solutions A3 and A5 were further used for preparation of catheters, 1 the
process discussed above.

The water retention of the catheters were also tested after 1 minute and 6
minutes, respectively. The water retention was compared to catheters prepared in the
above-discussed way, but without the additional step of dipping the catheters into any
antibacterial solution. The result of these measurements were that all the catheters had
sufficient water retention capacity. The water retention of the catheters dipped in
Solution A3 was ¢ssentially equal to the reference catheters which had not been
dipped 1n any antibacterial solution. The water retention of the catheters dipped 1n
Solution AS was slightly lower, but still sufficient for use as urinary catheters.

The antibacterial activity of the catheters were tested on E.coli. As a
comparison, rcference catheters which had not been dipped 1 antibactcrial solution
were tested. When the reference catheters were used, the concentration of bacteria
increased from the initial about 1*¥10° CFU/ml to 3.9%10” in the solution (synthetic
urine). When the catheters according to the invention, here the catheters dipped in
Solution A3 and Solution A5, were used, the concentration of bacteria in the solution
decreased from the initial about 10° log CFU/ml to less than 10' log CFU/ml (below
detection limit). Accordingly, a significant antibacterial activity was obtained in the
catheters prepared 1n accordance with the invention. Further, no difference 1n this
respect was seen between the catheters prepared with Solution A3 and the catheters
prepared with Solution AS.

Further, the total amount of silver 1 the catheters prepared with Solution A3
and AS, rcspectively, and the amount of silver relcascd 1in synthetic urine and a
phosphate butter, respectively were analyzed. Here, the same catheters were first
dipped 1 the phosphate bufter, simulating an nitial activation/wetting step for the
catheters, and thereafter dipped in synthetic urine, simulating the subsequent use of

the catheters, when they are mntroduced into the urethra of the patient. The quantity of
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silver remaining on the catheter after use corresponds to the total quantity of silver

before use, reduced with the amount of silver released 1n the phosphate buffer and the
amount of silver released 1n the synthetic urine. The catheters were first dipped for 30
seconds 1 the phosphate buffer, which corresponds to a typical recommended
wetting time for hydrophilic urinary catheters, and thereafter dipped 1n synthetic urine
for 5 minutes, which corresponds to a typical duration of catheterization for

intermittent urmary catheters. The results are presented m Table 2 below:

Catheter Average total Average amount of | Average amount of
quantity of silver silver released n silver released n
[ug/cm?2] phosphate buffer synthetic urine
[ug/cm?2] [ng/cm?2]
Solution A3 | 1.40 £0.04 0.30+0.14 0.25+0.11
Solution AS | 1.12£0.19 0.45+0.10 0.32+£0.10

Table2: Release of silver from catheters

From the measurements presented in Table 2, the following observations can

be made:

e Thc total amount of silvcer 1n the cathceters 1s higher for the cathceters preparcd

with Solution A3.
o The release rate of silver 1s higher for the catheters prepared with Solution AS.

e A very high release rate of silver m both synthetic urine and phosphate buffer

1S obtained for both catheters.

In a sccond scrics of cxperiments, the colloidal solution was preparcd using
580.5 ml of Solution 2, 292.5 ml of Solution 3, and various amounts of Solution 1 (se

Table 3 below). Solution 1 was added at a temperature of 95 °C.



CA 02780694 2012-05-11

WO 2011/073403 PCT/EP2010/070105

10

15

20

17
Solution | Quantity of Colloidal Number of
Example | Solution 1 (ml) particle size colloidal
(diameter) particles
(nm)
Bl 10 60 Very few
B2 30 60 0.5 E+11
B3 50 60 6.5 E+11
B4 70 70 6.5 E+11
B3 90 30 6.5 E+11

Table 3: Variation of quantity of reducing agent (ascorbic acid) used

The calculation of the number of colloidal particles was made 1n accordance
with the method proposed in the article “Light-Scattering Submicroscopic Particles as
Highly Fluorscent Analogs and Their Use as Tracer Labels in Clinical and Biological
Applications of J. Yguerabide and E. Yguerabide, in Analytical Biochemistry 262,
157-176 (1988).

From the measurements presented in Table 3, the following observations can
be made:

o Use of larger quantities of ascorbic acid resulted i larger colloidal particles.

e Accordingly, 1t 18 concluded that the resulting particle size may be controlled
by controlling the amount of reducing agent (ascorbic acid) used.

e Larger quantities of reducing agent (ascorbic acid) provide a higher degree of
the available silver being formed into colloidal particles.

e A significantly higher degree of the available silver forms colloidal particles

when 50 ml or more of Solution 1 15 used.

In conclusion, these experiments show that the size of the colloidal particles
may be controlled by controlling the temperature of the synthesis procedure, and/or
the amount of reducing agent being added. Further, it 1s clear that synthesis 1s

possible even at relatively low temperatures. It 1s assumed that even lower

-----
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temperatures than 60 degrees C may be used. Lower temperatures provide a faster

synthesis, which renders the production more cost-efficient.

Experimental results 2

In a second line of experiments, the stabilization agent used above, 1.¢. PVP,
which 1s the same hydrophilic polymer as used n the hydrophilic coating of the
catheter, was tested against another commonly used stabilization agent, viz. poly
acrylic acid (PAA).

The catheters were again prepared 1n the same way as discussed above under
heading Experimental results 1.

Thereafter, the coated catheters were dipped 1n colloidal solutions comprising
colloidal silver particles. For this purpose, different colloidal solutions were used,
having been prepared using PVP and PAA, respectively.

Subsequently, the catheter were packed and sterilized by radiation with a

product dose of mimnimum 25 kGy.

The colloidal solution C with PVP was prepared using:
e Solution 1C: 0.0009 g ascorbic acid in 50 ml demineralized water (0.1 mM)
e Solution 2C: 0.198 g AgNO3 1n 580.5 ml demmeralized water (2mM)
e Solution 3C: 0.162 g PVP (K30) in 292.5 ml demineralized water (5 mM).

Solution 3C and solution 2C were first mixed together, and stirred and heated.
When the combined solution had reached a temperature of 95 deg. C, the 50 ml of
Solution 1C was addcd.

The colloidal solution D with PAA was prepared slightly difterently, in order
to be better suited for PAA, using:
e Solution 1D: 0.0352 g ascorbic acid 1n 1000 ml demineralized water (0.2 mM)
e Solution 2D: 0.034 ¢ AgNO3 1n 40 ml demineralized water (SmM)
e Solution 3D: 0.206 g PAA 1 20 ml demieralized water (0.05M).

Solution 3D and solution 2D were first mixed together, and stirred and heated.
When the combined solution had reached a temperature of 97 deg. C, Solution 1D
was added slowly, drop by drop.

-----
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With both the dipping in Solution C and Solution D, dipping times of both 5

minutes and 30 minutes were used.

As a reference, catheters prepared in the same way as discussed above, but

without having been dipped 1 any antibacterial solution were used.

For the catheters prepared as discussed above, the antibacterial effect was

tested, 1 the same way as discusscd above under hcading Expcerimental results 1. The

results are presented n Table 4 below:

Catheter End concentration Growth from start
log CFU/ml concentration

Reference 5.71 £0.10 1.89

Solution D (5 min) 5.60 £0.21 1.77

Solution D (30 min) 5.40 £ 0.01 1.58

Solution C (5 min) 1.08 £0.15 -2.85

Solution C (30 min) 1.00 = 0.00 -2.92

Table 4: Antibacterial activity with different stabilizing agents

Further, for the same catheters, the total amount of silver and the amount of

stlver relcascd 1 synthctic urine and a phosphatc buffcr, respectively were analyzed.

Here, the same catheters were first dipped 1n the phosphate buffer, ssmulating an

nitial activation/wetting step for the catheters, and thercatter dipped 1n synthetic

urine, simulating the subsequent use of the catheters, when they are introduced 1nto

the urethra of the patient. The quantity of silver remaming on the catheter after use

corresponds to the total quantity of silver before use, reduced with the amount of

silver released 1n the phosphate buffer and the amount of silver released 1n the

synthetic urine. The catheters were first dipped for 30 seconds 1n the phosphate

bufter, which corresponds to a typical recommended wetting time for hydrophilic

urinary catheters, and thereafter dipped 1n synthetic urine for 5 minutes, which

corresponds to a typical duration of catheterization for intermittent urinary catheters.

The results are presented in Table 5 below:
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Catheter Average total Average amount | Average amount
quantity of silver | of silver released | of silver released
[ug/cm2] in phosphate in synthetic uring
buffer [ug/cm?2]
[ng/em2]
Solution D (5 min) 0.03 0.01 0.01
Solution D (30 min) | 0.03 0.01 0.01
Solution C (5 min) 3.33 1.16 0.87
Solution C (30 min) | 2,96 1,00 0.80

Table5: Release of silver from catheters

From the results presented 1n Tables 4 and 5, the following can be deduced:
S e The catheters prepared by use of Solution D, containing PAA, had very low
amount of silver. Consequently, the release rate of silver from said catheters
wcre also very low, and the antibactcrial ctfcct was hardly noticcablc.
e On the contrary, the solutions prepared in accordance with the invention,
where the same hydrophilic polymer as used in the coating of the catheters
10 was used as a stabilizing agent 1n the antibacterial solution, the amount of
silver 1n the catheters were significantly better. Further, the release rate of

silver from said catheters, as well as the antibacterial effect, was also

significantly improved.

15 In addition, the catheters discussed above where tested 1n respect of water

retention, and where found to have about equally good water retention capacity.

Experimental results 3

In a third line of experiments, another type of coating was used. Here, the
20  catheters were provided with a covalently crosslinked PVP coating.

The same catheter substrates as discussed above where used.

The coating of the catheters were provided by first dipping the catheter

substrates 1n a solution comprising 1.5 % urethane acrylate, 3 % PVP and 0.18 %
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irigacure, dissolved 1n 99.7% cethanol. The catheters were then dried and 1rradiated

with UV radiation. The catheters were then dipped 1n a second solution, in which the
colloidal silver particles were provided. The second solution comprised to 1/2 the
antibacterial colloidal solution, and to 1/2 a coating forming solution. The coating
5  forming solution comprised 5% PVP and 0.1 % bensofenon, dissolved in 99.7%
cthanol. The colloidal solution E was prepared with a solution comprising 0.3 mM
ascorbic acid, a second solution comprising 1 mM AgNQOs, and a third solution
comprising 1.3 mM PVP (K30). The prceparation of the colloidal solution was madc
1n the same way as discussed under Experimental results 2, with the only difference
10 that ethanol was used as a solvent instead of water. After dipping 1n the second
solution, the catheters were again dried and UV-1rradiated. This resulted 1n a
covalently crosslinked coating.
Subsequently, the catheter were packed and sterilized by radiation with a
product dose of minimum 25 kGy.
15 As a reference, catheters prepared in the same way was used, but where the

second dipping solution only contained the coating forming solution.

For the catheters prepared as discussed above, the antibacterial effect was
tested, 1n the same way as discusscd above undcer hecading Experimental results 1. The

20  results are presented 1n Table 6 below:

Catheter End concentration Growth from start
log CFU/ml concentration

Reference 4.93 + 0.05 1.24

Solution E 2.71 £0.18 -0.98

Table 6: Covalently crosslinked coating

Further, for the same catheters, the total amount of silver was analyzed. The

25  results are presented m Table 7 below:
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Catheter Average total quantity of silver
[ug/cm2]
Solution E 1.18 £ 0.36

Table7: Release of silver from catheters

From the results presented 1n Tables 6 and 7, the following can be deduced:

e An adequate antibacterial effect 1s obtained also for catheters provided with a

covalcently crosslinked coating.

Experimental results 4

For a fourth line of experiments, the antibacterial coating of the present
invention was compared to two other types of antibacterial hydrophilic coatings.
For these experiments, all the catheters were prepared using the same substrate

material as discussed above 1n relation to the previously discussed experiments.

As a comparative example (Comparative Example 1), the catheter substrates
were first coated with an antibacterial coating. The coating was applied essentially as
disclosed m US 5 395 651 and US 5 747 178. Accordingly, the substrates were first
prc-trcatcd with a chromic acid, and then activated by dipping the substrates 1in a
dilute activation solution containing 0.01 — 0.2 grams per liter of a salt containing tin
1ons, dissolved 1n acidified demineralized water. After this treatment the substrates
were rinsed 1in demineralized water. Thereafter, the substrates were dipped 1n a
deposition solution comprising silver-containing salt, and more specifically silver
nitrate, 1n an effective amount of no more than 0.10 grams per liter, a reduction agent
and a deposition control agent. After deposition, the coated substrates were removed
from the deposition solution and rinsed in demineralized water. Finally, the substrates
were dipped in a stabilization solution comprising 0.001 — 0.1 grams per liter of salts
of platinum and gold 1n a dilute acid. After stabilization treatment, the substrates were

again rinsed in demineralized water, and subsequently dried.
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On top of the antibacterial coating, a hydrophilic coating was applied, in the
same way as discussed above under heading Experimental results 1, where 1socyanate

1s used to form a polyurea network for binding PVP.

S These catheters, prepared in accordance with Comparative Example 1, are
here compared to the inventive examples prepared using Solutions C (5 min), C (30

min) and E, as discussed above.

For the catheters prepared as discussed above, the antibacterial eftect was
10 tested, in the same way as discussed above under heading Experimental results 1. The

results are presented 1in Table 8 below:

Catheter Growth from start concentration
Comparative Example 1 -2.34
Solution C (5 min) -2.85
Solution C (30min) -2.92
Solution E -0.98

Table 8: Comparison between different types of antibacterial coatings

135 Further, for the same catheters, and also catheters prepared with Solutions A3
and AS, the total amount of silver and the amount of silver released 1n synthetic urine
and a phosphatc buffcr, respectively were analyzed. As betfore, the samc catheters
were first dipped 1n the phosphate butter, simulating an initial activation/wetting step
for the catheters, and thereafter dipped in synthetic urine, simulating the subsequent

20  use of the catheters, when they are introduced into the urethra of the patient. The
quantity of silver remaining on the catheter after use corresponds to the total quantity
of silver before use, reduced with the amount of silver released in the phosphate
buffer and the amount of silver released in the synthetic urine. The catheters were
first dipped for 30 seconds in the phosphate buffer, which corresponds to a typical

25 recommended wetting time for hydrophilic urinary catheters, and thereafter dipped in

synthetic urine for 5 mimutes, which corresponds to a typical duration of
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catheterization for intermittent urinary catheters. The results are presented in Table 9

below:

Catheter Average total Average amount | Average amount
quantity of silver | of silver released | of silver released
|lng/cm?2 | 1n phosphate in synthetic uring

buftcr [ug/cm?2]
[ng/em?2]

Comparative 1.28 0.44 0.093

Example 1

Solution C (5 min) 3.33 1.16 0.87

Solution C (30 min) | 1.56 0.56 0.58

Solution E 1.12

Solution A3 1.40 0.30 0.25

Solution AS 1.12 0.45 0.32

Table 9: Further comparison between different types of antibacterial coatings

Based on the data presented in Table 9, the following relative amounts of
silver 1n the catheters before dipping, amount of silver released in the phosphate
buffer, amount of silver released in the synthetic urine and amount of silver remaining

1n the catheters after dipping were calculated (Table 10 below):
10
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Catheter Relative Relative Relative Relative
quantity of quantity of quantity of quantity of
silver 1n silver released | silver released | silver in
catheters in phosphate In synthetic catheters
before dipping | buffer urine after
dipping
Comparative 100 % 34 % 7 % 58 %
Example 1
Solution C (5 100 % 35% 26 % 39 %
min)
Solution C (30 100 % 36% 37 % 27T %
min)
Solution E 100 % - - -
Solution A3 100 % 21 % 18 % 61 %
Solution AS 100 % 40% 29 % 31 %

Table 10: Further comparison between different types of antibacterial coatings

From the results presented 1n Tables 8, 9 and 10, the following can be

concluded:

e The antibacterial activity of the catheters are sufficiently good for all the

discussed alternatives.

e However, the mmventive examples prepared using a hydrophilic coating which

forms a polyurca network show signiticantly better antibacterial activity than

all the other examples.

e The total amount of silver in the catheters prepared according to the invention

arc relatively low

e [tis generally desired to have a low release of silver in the phosphate buffer,

since this corresponds to the wetting step before use of the catheter. The

rclcasc rate of silver 1n the phosphatc buffer 1s cssentially the same for all the
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tested catheters, except the catheter prepared with solution A3, which exhibits

an exceptionally good (low) release rate in phosphate buffer.

e Further, 1t is generally desired to have a high release rate of silver in the
synthetic urine, since this corresponds to the release of silver in urine when

S the catheter 1s used for catheterization. All the catheters prepared in

accordance with the invention have a significantly improved release rate of
silver 1n the synthetic urine compared to the comparative example.

e Consequently, the catheters prepared in accordance with the mnvention have
the ability to release a substantial part of the oligodynamic metal where it 1s

10 most useful and best needed — 1.¢. during the catheterization.

e Further, 1t 1s generally desirable to have a low quantity of silver remaining
thc cathctcer after usc. Silver remaining 1n the catheters corrcsponds to silver
not actively used for any usetful antibacterial purpose. The catheters prepared
n accordance with the present invention generally have a relatively low

135 amount of silver remaining in the catheters after use (1.e. after the two dipping
steps). This effect 1s particularly noticeable in the catheters prepared with
solutions C and A (5 mun).

e Thus, the catheters prepared 1n accordance with the present invention have a
release of silver from the catheter which 1s relatively high for all the inventive

20 cxamples, and where the silver 1s also to a very large extent released where 1t
18 most uscful.

e Further, the inventive examples release a very high degree of the total amount
of silver present 1n the catheters, which enables a catheter with good
antibacterial effect and a relatively low production cost. The product hereby

25 also becomes more environment friendly.

Accordingly, 1t can be concluded that the method of the present invention,
which 1s comparatively simple and cost-etfective compared to ¢.g. the methods of
Comparative Examplc 1, still cxhibits corrcsponding or cven better propertics in term

30  of antibacteral activity, release rate and active use of the applied antibacterial metal.
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Conclusion and summary

The mvention has now been discussed 1n relation to different embodiments.
However, 1t should be appreciated by those versed in the art that several further
alternatives are possible. For example, many other types of antibacterial coatings
comprising oligodynamical metals may be used, as well as other types of hydrophilic
coatings. It 1s further possible to use the invention for other types of catheters than
urinary catheters, such as vascular catheters or the like, or for other types of medical
dcvices having a hydrophilic coating.

It will be appreciated by those versed in the art that several such alternatives
similar to those described above could be used without departing from the spirit of the
invention, and all such modifications should be regarded as a part ot the present

invention, as defined in the appended claims.

4444444
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CLAIMS:
1. A method for providing an intermittent urinary catheter with antibacterial activity,

comprising the steps of:

providing a substrate material coated with a hydrophilic polymer, said hydrophilic

polymer exhibiting a low friction when wetted;

providing a colloidal solution comprising chemically reduced particles of an

oligodynamic metal and a hydrophilic polymer, said hydrophilic polymer being the same as in

the coating of the substrate material, and wherein the colloidal particles are of a size within

the range 1 — 200 nm; and

dipping said substrate material in the solution.

- 2. The method of claim 1, wherein the oligodynamic metal is silver.

3. The method of claim 1 or 2, wherein provision of the colloidal solution comprises
mixing an oligodynamic metal salt in a solvent together with a reducing agent and the

hydrophilic polymer.

4, The method of claim 3, wherein the oligodynamic metal is silver and the oligodynamic
metal salt 1s selected from the group consisting of AgNO;, CH3CO,Ag, CH;CH(OH)CO,Ag,
AgClOy4, AgS0y4, Ag0O3, AgBLy, AglO;, AgCl, Agl and AgBr.

5. The method of claim 4, wherein the oligodynamic metal salt is silver nitrate.
6. The method of any one of claims 3-5, wherein the solvent is water and/or ethanol.
7. The method of any one of claims 3-6, wherein the reducing agent is selected from the

group consisting of boranes, copper hydride, diborane, diisobutylaluminium hydride, ascorbic
acid, dimethylsulfide borane, formaldehyde, formic acid, hydrazine, isopropanol, lithium

aluminum hydride, lithium tetrahydridoaluminate, nickel, nickel borohydride, oxalic acid,
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polymethylhydrosiloxane, sodium bis(2-methoxyethoxy)aluminumhydride, sodium

borohydride, sodium cyanoborohydride, sodium hydrosulfite, sodium tetrahydroborate,
sodium triacetoxyborohydride, tributylstannane, tributyltin hydride, trichlorosilane,
triphenylphosphine, triphenylphosphite, triethylsilane, tris(trimethylsilyl)silane and sodium
borohydride.

8. The method of claim 7, wherein the reducing agent is ascorbic acid.

9. T'he method of any one of claims 1 to 8, wherein the hydrophilic polymer is at least
one compound selected from the group consisting of: polyvinyl compounds, polylactames,
polyvinyl pyrrolidones, polysaccharides, heparin, dextran, xanthan gum, derivatised
polysaccharides, hydroxy propyl cellulose, methyl cellulose, polyurethanes, polyacrylates,
polyhydroxyacrylates, polymethacrylates, polyacrylamides, polyalkylene oxides, polyethylene
oxides, polyvinyl alcohols, polyamides, polyacrylic acid, copolymers of the previously
mentioned polymers, copolymers of vinyl compounds and acrylates or anhydrides,
copolymers of vinylpyrrolidone and hydroxy ethylmethyl acrylate, cationic copolymers of

polyvinyl pyrrolidone and copolymer of polymethylvinyl ether and maleinic acid anyhydride.

10.  The method of any one of claims 1 to 9, wherein the hydrophilic polymer is polyvinyl

pyrrolidone.

11.  The method of any one of claims 1 to 10, wherein the hydrophilic polymer coating

forms a polyurea network.

12. The method of any one of claims 1 to 11, wherein the substrate material coated with a
hydrophilic polymer 1s provided comprises the sub-steps of: applying sequentially to the
surface of the substrate first a solution comprising between 0.05 to 40%, weight to volume, of
an 1socyanate compound and thereafter a solution containing between 0.5 and 50%, weight to

volume, of polyvinylpyrrolidone and curing at an elevated temperature.

13.  The method of any one of claims 1-10, wherein the hydrophilic polymer coating is

cross-linked to said substrate by means of 1rradiation.
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14, An intermittent urinary catheter with antibacterial activity, comprising a substrate
material and a hydrophilic polymer surface coating arranged on at least a part of the surface of
sald substrate material, said hydrophilic polymer exhibiting a low friction when wetted,
wherein said coating further comprises colloidal particles of an oligodynamic metal, wherein

the colloidal particles are of a size within the range 1 — 200 nm.
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