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Description

FIELD OF THE INVENTION

[0001] Generally, the present invention relates to hy-
drophilic, lubricious coatings for substrates. Particularly,
it relates to hydrophilic, lubricious coating compositions
including a first, lubricious base layer and a second, lu-
bricious top layer. Methods for applying such hydrophilic,
lubricious coatings, and medical devices so coated, are
provided. Exemplary devices which may be coated with
the hydrophilic, lubricious coatings of the present inven-
tion include catheters, balloon catheters, and the like.

BACKGROUND OF THE INVENTION

[0002] It is known in the art to provide hydrophilic coat-
ings with low friction (coefficient of friction of 0.3 or less)
for medical devices such as catheters, balloon catheters,
catheter introducers, and the like. When such low friction
surfaces are used, devices having such surfaces slide
easily within passageways such as arteries, veins, can-
nulae and other body orifices. A variety of methods are
known for providing desirable low friction surfaces for
medical devices.
[0003] For example, an outer portion of the medical
device may be fabricated of a material having desirable
low-friction properties such as TEFLON or other such
materials. Unfortunately, combining particular low-fric-
tion materials with other desired properties for the med-
ical device, such as flexibility, is often not possible.
[0004] For that reason, hydrophilic, lubricious coatings
are known for medical devices to provide the desired
anti-friction properties. One such coating may be formed
from combinations of isocyanate, polyurethane, and pol-
yvinylpyrrolidone (PVP). Other such coatings have been
provided with combination of isocyanate and/or poly-
urethane in with poly(ethylene oxide) (PEO). Still further,
combinations of isocyanate, polyols or polyamines, and
PVP or PEO are known to provide the desired low-friction
properties for medical device surfaces. As examples,
such PVP and PEO-based coatings are disclosed in U.S.
Patent Nos. 5,160,790 and 5,179,174 to Elton. Another
coating for silicone substrates and other difficult to coat
medical devices is that described in WO 00/27897 A2.
More specifically, this document describes lubricious
coatings comprising a silane copolymer made up of three
components: (i) one or more polyisocyanates; (ii) one or
more lubricious polymers having at least two functional
groups; and (iii) an organofunctional silane having at
least two functional groups, one of which is capable of
reacting with a silicone rubber substrate. A preferred pol-
ymeric diol for the lubricious polymer is PEG. When the
silane copolymer is used as a primer coat (i.e. the base
coat of a two-coat system), a PEG having a lower mo-
lecular weight, such as Carbowax 1450 is used.
[0005] While effective for their intended purpose, im-
provements in such coatings are possible. For example,

polyvinylpyrrolidone-based coatings, while suitably flex-
ible and lubricious, may abrade during use, exposing por-
tions of the coated medical device and reducing the over-
all anti-friction properties of the coated device. Poly(eth-
ylene oxide)-based coatings, while providing superior
abrasion resistance, are not as soft and generally not as
lubricious as polyvinylpyrrolidone-based coatings.
[0006] The present disclosure addresses a need in the
art by providing hydrophilic, lubricious coatings for med-
ical devices which, while providing the desired anti-fric-
tion properties, retain those anti-friction properties even
in the event a portion of the coatings abrade during use.
In particular, hydrophilic, lubricious coatings including a
first layer comprising PEO and a second layer comprising
PVP are disclosed. In the event the second, PVP-based
layer abrades, the coated device retains its anti-friction
properties due to the more durable, PEO-based first lay-
er.

SUMMARY OF THE INVENTION

[0007] The above-mentioned and other problems be-
come solved by applying the principles and teachings
associated with the hereinafter-described methods for
providing hydrophilic, lubricious coatings to an exterior
surface of a medical device such as a catheter, a balloon
catheter, or other such device, and compositions of such
coatings. Broadly, the present disclosure provides hy-
drophilic, lubricious coating compositions comprising a
first, poly(ethylene oxide)-based layer and a second, pol-
yvinylpyrrolidone-based layer. In a first aspect the inven-
tion is directed to a coated substrate, obtainable by a
method for providing a coating on an exterior surface of
a substrate, comprising: applying a first coating layer
comprising a poly(ethylene oxide) having an average mo-
lecular weight of from 80,000 to 600,000 to an exterior
surface of a substrate; curing the first coating layer to
provide a coating comprising a cross-linked poly(ethyl-
ene oxide); applying a second coating layer comprising
a mixture a polyvinylpyrrolidone to the first coating layer;
and curing the second coating layer to provide a second
coating comprising a cross-linked polyvinylpyrrolidone;
wherein the first coating layer is substantially covered by
the second coating layer and the second coating layer
at least partially interpenetrates the first coating layer. In
a second aspect, methods for applying such coatings are
described. Other aspects of the invention are also dis-
closed herein with the caveat that the scope of protection
is defined by the appended claims.
[0008] Generally, in one aspect of the invention there
is described a hydrophilic, lubricious coating for a sub-
strate, which includes a first, abrasion-resistant layer
having a cross-linked polyurethane/poly(ethylene oxide)
component formed by reacting a mixture of an isocy-
anate, a polyol or polyamine, and a poly(ethylene oxide).
The lubricious coating further includes a second layer
having a cross-linked polyurethane/ polyvinylpyrrolidone
component formed by reacting a mixture of an isocy-
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anate, a polyol or polyamine, and a polyvinylpyrrolidone.
The first layer may be substantially covered by the sec-
ond layer, and the second layer may at least partially
interpenetrate the first layer.
[0009] In another aspect, there is provided a method
for providing a hydrophilic, lubricious coating on an ex-
terior surface of a substrate. The method includes the
steps of applying a first, abrasion-resistant layer com-
prising a mixture of an isocyanate, a polyol, and a po-
ly(ethylene oxide) and curing the first, abrasion-resistant
layer to provide a cross-linked polyurethane/poly(ethyl-
ene oxide) coating. Next is the step of applying a second
layer comprising a mixture of an isocyanate, a polyol,
and a polyvinylpyrrolidone and curing the second layer
to provide a cross-linked polyurethane/polyvinylpyrro-
lidone coating. By the described method is provided a
two-layer, lubricious coating wherein the first layer is sub-
stantially covered by the second layer and the second
layer at least partially interpenetrates the first layer.
[0010] Application of the first and second layers ac-
cording to the present disclosure may be by any one of
dipping, spraying, brushing, rolling, or wiping. The recited
curing steps may be accomplished by baking the coated
substrate at temperature. Suitable substrates for coating
according to the present methods include medical devic-
es such as catheters, balloon catheters, urinary cathe-
ters, catheter introducers, medical wires, stents, stent
grafts, dilation balloons, and the like.
[0011] These and other embodiments, aspects, ad-
vantages, and features of the present invention will be
set forth in the description which follows, and in part will
become apparent to those of ordinary skill in the art by
reference to the following description of the invention and
referenced drawings or by practice of the invention. The
aspects, advantages, and features of the invention are
realized and attained by means of the instrumentalities,
procedures, and combinations particularly pointed out in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawing incorporated in and
forming a part of the specification, illustrates several as-
pects of the present invention, and together with the de-
scription serves to explain the principles of the invention.
In the drawing:

Figure 1 is a cross-sectional view of a portion of a
balloon catheter, including a shaft and balloon coat-
ed with a flexible, hydrophilic and lubricious coating
according to the invention; and
Figure 2 shows a portion of the coated balloon cath-
eter Figure 1, showing a portion of a second coating
layer abraded.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0013] In the following detailed description of the illus-
trated embodiments, reference is made to the accompa-
nying drawings that form a part hereof, and in which is
shown by way of illustration, specific embodiments in
which the invention may be practiced. These embodi-
ments are described in sufficient detail to enable those
skilled in the art to practice the invention and like numer-
als represent like details in the various figures. Also, it is
to be understood that other embodiments may be utilized
and that process, mechanical, arrangement, and/or other
changes may be made without departing from the scope
of the present invention.
[0014] In accordance with the present disclosure, hy-
drophilic, lubricious coatings for medical devices, and de-
vices so coated, are provided. The coatings include two
hydrophilic, lubricious layers. Broadly, the first lubricious
layer is disposed adjacent the medical device surface,
and includes at least an isocyanate/polyol component or
an isocyanate/polyamine component, and a poly(ethyl-
ene oxide) component. The second layer, which may
substantially overlay the first layer, includes at least an
isocyanate/polyol component or an isocy-
anate/polyamine component, and a polyvinylpyrrolidone
component. The coatings may be applied to a variety of
medical devices formed of known substrates by conven-
tional coating application methods.
[0015] Devices which may be coated with the coatings
described herein include without limitation catheters, bal-
loon catheters (including the balloon catheter shaft, bal-
loon, or both), introducers, body implants, medical wires,
stents, stent grafts, tubing, dilation balloons, and the like.
Such devices may be fabricated of any suitable material
as is known in the art for such purposes. Typically, sub-
strate materials will be selected which provide functional
groups, including carboxylic acids, -OH groups, -NH
groups, -SH groups, or the like, which react suitably with
the isocyanate component of the present coatings.
[0016] The present coatings may also be applied to
devices providing a metal surface. Typically a primer lay-
er will be applied to such metal substrates prior to appli-
cation of the present coatings, to enhance bonding of the
first lubricious layer with the metal substrate. Such prim-
ers are disclosed in U.S. Patent No. 6,270,902, and may
include a number of compositions for providing the de-
sired functional groups for reaction with the isocyanate
component of the first coating layer. Examples include
without limitation ethyl vinyl alcohol, isocyanate-terminat-
ed prepolymers, polyurethane, epoxies, and NCO and
OH-functional silanes.
[0017] Examples of organic substrates that can be
coated with the coatings of this invention include plastics
and other polymers, such as nylon, polyether block
amide, polyethylene terephthalate, polyetherurethane,
polyesterurethane, other polyurethanes, natural rubber,
rubber latex, synthetic rubbers, polyester-polyether co-
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polymers, polycarbonates, and other organic materials.
Some of these materials are available under the trade-
marks such as PEBAX available from Arkema, Inc. of
Philadelphia, PA, MYLAR available from E. I. duPont
deNemours and Co. of Wilmington, Del., TEXIN from
Mobay Corporation of Pittsburgh, Pa., PELLETHANE
available from Dow Chemical of Midland, Mich., ESTANE
from Lubrizol Corporation of Brecksville OH, and LEXAN
available from SABIC of Pittsfield, Mass.
[0018] In an embodiment of the invention, a highly lu-
bricious coating is formed overlying a substrate, in the
depicted embodiments (see Figures 1 and 2) being a
balloon catheter including a shaft 10 defining a hollow
lumen 12 and a balloon 18 concentrically arranged about
a distal end of the shaft 10. The coating is formed of two
hydrophilic, lubricious coating layers 14, 16 formed of
flexible organic polymeric materials. The coatings may
be applied by a variety of methods, including dipping,
spraying, wiping, painting, rolling, brushing, and the like.
For convenience, the coatings will typically be applied by
dipping a medical device in a solution containing the de-
sired coating material.
[0019] For the first coating layer 14, the coating com-
prises at least a mixture of isocyanate, a polyol or
polyamine, and a poly(ethylene oxide). A ratio of weight
of polyurethane or polyurea solids (from the combination
of isocyanate and polyol or polyamine): poly(ethylene ox-
ide) may be selected to be from about 0.25 to about 6.0.
The weight ratio will typically be from about 0.7 to about
5.0 according to the particular isocyanate and polyol or
polyamine selected for the first coating layer 14.
[0020] The stoichiometric ratio of total NCO groups in
the isocyanate to total -OH groups in the polyol (or -NH
groups, if a polyamine is used) for the first coating layer
14 can vary from about 0.6 to about 3.5. Generally, in
producing a polyurethane or polyurea of controllable
composition from an isocyanate/polyol or polyamine mix-
ture, it is preferable to use an NCO to -OH or -NH ratio
close to 1.0. Typically, a ratio of from about 1.05 to about
1.3 NCO:OH will be selected to provide a slight excess
of isocyanate, providing for suitable bonding of the first
coating layer 14 to the substrate via interactions between
the free isocyanate groups of the coating layer 14 mixture
and the functional groups present in the underlying sub-
strate. Of course, the particular NCO:OH ratio selected
will vary in accordance with the substrate of choice, the
properties of the specific polyols or polyamines used, and
the desired properties of the final coating. For the first
coating layer 14 mixture, an NCO:OH ratio of 1.1:1 is
typically selected.
[0021] Isocyanates having at least two unreacted iso-
cyanate groups per molecule are suitable, including with-
out limitation polymethylenepolyphenyl isocyanate, 4,4’-
diphenylmethane diisocyanate and position isomers
thereof, 2,4-toluene diisocyanate and position isomers
thereof, 3,4-dichlorophenyl diisocyanate and isophorone
isocyanate, adducts or prepolymers of isocyanates and
polyols such as the adduct of trimethylolpropane and

diphenylmethane diisocyanate or toluene diisocyanate.
Further examples of polyisocyanates useful in this inven-
tion may be found in the ICI Polyurethanes Book, George
Woods, published by John Wiley and Sons, New York,
N.Y. (1987) and the Encyclopedia of Polymer Science
and Technology, H. F. Mark, N. G. Gaylord and N. M.
Bikales (eds.), (1969). A preferred isocyanate for use in
the present invention provides about 11.9% NCO, avail-
able in one embodiment from Bayer as Desmodur L 67
MPA/X.
[0022] Suitable polyols may be any of a large number
of polyols reactive with the isocyanates to form poly-
urethanes as is known in the art. Examples of suitable
polyols include without limitation polyester polyols, poly-
ether polyols, modified polyether polyols, polyester ether
polyols, castor oil polyols and polyacrylate polyols. Spe-
cific polyols further include castor oil and castor oil de-
rivatives (triglyceride of 12-hydroxyoleic acid), poly (eth-
ylene adipates), poly (diethyleneglycol adipates, polyc-
aprolactone diols and polycaprolactone-polyadipate co-
polymer diols, poly (ethyleneterephthalate) polyols, poly-
carbonate diols, N,N,N’,N’- tetrakis (α hydroxypropyl)
ethylenediamine, polytetramethylene ether glycol, ethyl-
eneoxide adducts of polyisopropylene diols, ethylene ox-
ide adducts of polyisopropylene triols. Particular example
polyols include DESMOPHEN 1800, DESMOPHEN
A365, DESMOPHEN 651A-65, DESMOPHEN 1300 75,
DESMOPHEN 800, DESMOPHEN A160,
DESMOPHEN 550 DU, DESMOPHEN 1600U,
DESMOPHEN 1920D, and DESMOPHEN 1150 all avail-
able from Bayer Corporation of Pittsburgh, PA. Other
suitable polyols include castor oil (triglyceride of 12-hy-
droxy oleic acid) and castor oil derivatives, such as DB
oil, POLYCIN 12, POLYCIN 53 and POLYCIN 99F all
available from Vertellus, Inc. of Bayonne, N.J. Suitable
diols include poly(ethylene adipates), poly (diethyleneg-
lycol adipates), polycaprolactone diols and polycaprol-
actone-polyadipate copolymer diols, poly (ethylene-
terephthalate) polyols, polycarbonate diols, polytetram-
ethylene ether glycol, ethylene oxide adducts of polyox-
ypropylene diols, ethylene oxide adducts of polyoxypro-
pylene triols. Many other suitable polyols are available
as known to those skilled in this art.
[0023] Suitable polyamine products may be selected
from any of a large number of polyamines reactive with
isocyanate to form polyureas as is known in the art. Non-
limiting examples of suitable polyamine products include
Jeffamine D-230, Jeffamine D-400, Jeffamine D-2000,
Jeffamine T-403, Jeffamine T-5000, and Jeffamine T-
3000 available from Huntsman Corporation of The Wood-
lands, TX. Melamine and melamine derivatives may also
be used, available from many chemical supply compa-
nies. Heterocyclic diamines and amine adducts may also
be used. Additional suitable polyamines are available as
known to those skilled in the art.
[0024] The solvents selected for the invention used are
preferably those that do not react with the isocyanate,
the polyol or the poly(ethylene oxide) but are solvents for
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all. The solvents preferably are free of reactive amine,
hydroxyl and carboxyl groups. The solvent should further
preferably be capable of dissolving the isocyanate, poly-
ol, and poly(ethylene oxide). Suitable solvents include
but are not limited to methylene bromide, methylene chlo-
ride, chloroform, dichloroethane, acetonitrile, methyl
benxoate, benzyl acetate, n-propyl bromide, cyclohex-
anone, dichloethylene, 1,3-dioxolane and N-methyl pyr-
rolidone. Other solvents meeting the above objectives
are also suitable.
[0025] A solids contents for the first coating layer 14
mixture in a range of from about 0.4 to about 40% is
contemplated, but will vary according to the solvent se-
lected, the desired thickness of the coating, the viscosity
properties of the particular grade of poly(ethylene oxide)
selected, and other factors. When methylene chloride is
used as solvent, the solids content of the coating solution
may be 1 to 15% (w/w) and preferably 2.25 to 4% (w/w).
When dibromomethane is used, the solids content of the
coating solution may be 0.4 to 10% (w/w) and preferably
1.2 to 2.5% (w/w). Thus, the solids content of the first
coating layer 14 solution will vary according to a number
of factors.
[0026] The poly(ethylene oxide) selected will be from
the group having an average molecular weight of from
80,000 to 600,000. Typically, a poly(ethylene oxide) will
be selected from the group having an average molecular
weight of from about 200,000 to about 600,000, since
use of poly(ethylene oxide)s having an average molec-
ular weight in excess of 600,000 may create problems
with viscosity of the resultant mixture. Poly(ethylene) ox-
ide products are typically characterized using viscosity
average molecular weight (Mv), which is generally closer
to weight average molecular weight (Mw) than number
average molecular weight (Mn). Viscosity average mo-
lecular weight is usually determined by viscometry meth-
ods whereby the viscosity is measured on solutions of
the polymer at various concentrations. Commercially
available poly(ethylene oxide) products include ALKOX
R-150, ALKOX R-400, ALKOX E-45, ALKOX E-75,
ALKOX E-240 all from Meisei Chemical Works, Ltd of
Kyoto, Japan, and P-20 Grade Poly(ethylene oxide)
available from Ring Specialty Chemicals, of Toronto, On-
tario, Canada.
[0027] For convenience of application, the first coating
layer 14 mixture may be provided as a solution. The first
coating layer 14 mixture in solution form is prepared by
weighing the appropriate quantities of isocyanate, polyol
or polyamine, poly(ethylene oxide), and solvent stock so-
lutions into an appropriate mixing vessel. Additional sol-
vents may be added to adjust the viscosity as needed.
This solution is mixed well and may then be applied to
an appropriate medical device, such as by dipping, spray-
ing, wiping, painting, rolling, and the like.
[0028] Typically, a medical device such as a catheter,
balloon catheter, and the like will be dipped into the coat-
ing layer 14 mixture by dipping for a period sufficient to
wet the device. A dipping time of from a few seconds to

a few minutes typically suffices, although longer time pe-
riods are contemplated according to the device being
coated and the material of which the device is fabricated.
[0029] After applying the first coating solution, the sol-
vent may be allowed to evaporate from the coated sub-
strate 10 such as by exposure to ambient conditions for
from 10 to 180 minutes, but can be evaporated at tem-
peratures of from 1.7°C to 204°C (35°F to 400°F) for time
periods of a few seconds to overnight, depending upon
the selection of solvent and the speed with which evap-
oration is desired. In the case of a medical device such
as a catheter, balloon catheter, etc., the device may be
hung from a proximal end thereof whereby the liquid coat-
ing solution is drawn by gravity towards the distal tip of
the device. The time frame for evaporation will typically
be kept short to allow suitable solvent evaporation with-
out significant reaction of atmospheric moisture with the
isocyanate component of the first coating layer 14 mix-
ture.
[0030] The first coating layer 14 is then cured. Suitable
cure times/temperatures will vary with the choice of iso-
cyanate and polyol and the composition of the substrate.
A device such as a balloon catheter having a balloon
which is typically more temperature sensitive, than, for
example, the catheter shaft, will typically be cured at low-
er temperatures for a longer time period. In a typical em-
bodiment, the first coating layer 14 may be cured by oven
baking at about 73.9°C (165°F) for about 4 hours. For a
less temperature sensitive substrate, baking at higher
temperatures such as about 121°C (250°F) for a few min-
utes may suffice.
[0031] Next, a second coating layer 16 is formed from
a mixture containing an isocyanate, a polyol or
polyamine, and polyvinylpyrrolidone. For convenience of
application, the second coating layer 16 mixture is typi-
cally provided as a solution, such as in a carrier liquid.
The ratio of weight of the polyurethane formed in situ to
the polyvinylpyrrolidone may vary from 0.05 to 3.0 and
is preferably from 0.30 to 1.0. In order to provide a hy-
drogel having the desired lubriciousness, the ratio of
polyurethane: polyvinylpyrrolidone will typically be kept
at 1.0 or less.
[0032] The stoichiometric ratio of total NCO groups in
the isocyanate to total OH groups in the polyol (or to total
-NH groups in the polyamine) can vary from 0.75 to 3.0.
As noted above, generally in producing a polyurethane
of controllable composition, it is preferable to use an NCO
to -OH or -NH ratio close to 1.0. However, as before,
typically the ratio is adjusted to somewhat greater than
1.0 since it is known that isocyanates readily react with
water, and that incidental quantities of water can inte-
grate with the uncured coating. This water is present from
various sources such as atmospheric moisture, moisture
in solvent, or moisture associated with the polyvinylpyr-
rolidone. A typical NCO:OH ratio for the second coating
layer 16 mixture will be 1.3:1.
[0033] Polyvinylpyrrolidones suitable for use in the
present coatings have an average molecular weight of
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from about 50,000 to 2.5 million. Polyvinylpyrrolidone
products are usually characterized by weight average
molecular weight (Mw). Weight average molecular weight
may be measured using several different methods, in-
cluding the most commonly employed methods of size
exclusion chromatography (SEC) and gel permeation
chromatograph (GPC). Examples of suitable polyvi-
nylpyrrolidone materials include those available from
BASF Corp, Parsippany, N.J. as KOLLIDON 90 F, and
KOLLIDON 30, and those available from GAF Corpora-
tion, as PLASDONE K-90, PLASDONE K-30, and PLAS-
DONE K-25.
[0034] Commercially available polyvinylpyrrolidone
products typically contain approximately 3-5% (w/w) wa-
ter. Furthermore, polyvinylpyrrolidone is very hygroscop-
ic, and tends to accumulate water on normal storage
when exposed to air. Since water is very reactive toward
isocyanates, it is desirable, but not essential, to reduce
the water content to less than 0.5% prior to use in pre-
paring coating formulations. This may be readily accom-
plished by drying an appropriate quantity of polyvinylpyr-
rolidone, for example, by heating it for several hours at
104°C (220°F).
[0035] The isocyanate used will typically be selected
from the group of isocyanates as described above, that
is, isocyanates having at least two unreacted isocyanate
groups per molecule. Polyols useful in this invention can
be any of a large number of polyols reactive with the
isocyanates to form polyurethanes as described above.
Typically, a different polyol or polyols will be selected for
the second coating layer 16 mixture, although it is con-
templated to use the same polyol or polyols as for the
first coating layer 14 mixture.
[0036] Suitable solvents will not react with the isocy-
anate, the polyol or the polyvinylpyrrolidone, but are sol-
vents for all. The solvents must be free of reactive groups
such as, for example, amine, hydroxyl and carboxyl
groups. The solvent must further be capable of dissolving
the isocyanate, polyol, and polyvinylpyrrolidone. The
coating solution should also be substantially free of water
which may react with the isocyanate groups. Thus, it is
preferred that the solvent be very dry, that is, that the
water content of the solvent used be very low, (e.g., less
than 100 ppm). Suitable solvents available commercially
in a suitably dry form include but are not limited to meth-
ylene bromide, methylene chloride, chloroform, dichlo-
roethane, acetonitrile, n-propyl bromide, 1,3-dioxolane,
N-methyl pyrrolidone and dichloroethylene. When meth-
ylene chloride is used, the solids content of the coating
solution may be 1 to 15% (w/w) and preferably 2.25 to
4% (w/w). When dibromomethane is used, the solids con-
tent of the coating solution may be 0.4 to 10% (w/w) and
preferably 1.2 to 2.5% (w/w). As with the PEO coatings
described earlier, the solids content of the second coating
layer 16 solution will vary according to the solvent of
choice, the desired thickness of the coating, the viscosity
properties of the particular grade of polyvinylpyrrolidone
selected, and other factors. Other solvents meeting the

above objectives are also suitable.
[0037] The second coating layer 16 mixture may be
prepared by weighing the appropriate quantities of iso-
cyanate, polyol or polyamine, polyvinylpyrrolidone, and
solvent stock solution and adding them into an appropri-
ate mix vessel. Additional solvents can be added to adjust
the viscosity and solids content. Solids contents may be
in a range of from 0.4 to 15% (w/w), with 1.5 to 4% (w/w)
preferred, depending on the solvent used and other con-
siderations. This solution is mixed well and then applied
to a desired substrate such as a catheter or a balloon
catheter.
[0038] After applying the second coating layer 16 so-
lution, the solvent may be allowed to evaporate, such as
by exposure to ambient conditions for a suitable time
period. In one embodiment, the solvent is allowed to
evaporate for a period of from 15 to 180 minutes. It is
preferable to accomplish this evaporation in such a man-
ner as to minimize the accumulation of water in the un-
cured coating film resulting from hygroscopic attraction
of atmospheric moisture to the polyvinylpyrrolidone. This
can be accomplished readily by minimizing the evapora-
tion time, reducing the ambient humidity, elevating the
ambient temperature for drying, or using a combination
of these methods. As discussed above, the device may
be hung from a proximal end, such as a proximal end
(not shown) of a balloon catheter as shown in Figure 1,
whereby the second coating layer 16 solution is drawn
by gravity towards the distal tip of the device.
[0039] The second coating layer 16 is then cured, sub-
stantially according to the procedure set forth above for
the first coating layer 14. Without being held to any par-
ticular theory, it is believed that this step of curing the
second coating layer 16, in addition to providing a desir-
able cross-linking reaction, provides a degree of inter-
penetration of the polyvinylpyrrolidone-rich second coat-
ing layer 16 into the poly(ethylene oxide)-rich first coating
layer 14. As discussed above, the cure time and temper-
ature may vary with the choice of isocyanate and polyol
and the composition of the substrate 10. For example,
the balloon associated with a balloon catheter is typically
more fragile than the catheter shaft, and will require a
longer curing time at a lower temperature.
[0040] Cure temperatures may range from 1.7°C to
204°C (35°F to 350°F) although a temperature of from
about 82.2°C to about 121°C (180°F to about 250°F) may
be desirable to prevent moisture absorption by the sec-
ond coating layer 16 during the curing operation. Cure
times may vary from 2 minutes to 72 hours or longer,
according to the reactivity of the isocyanate and polyol
and the selected cure temperature. A caveat is that the
cure conditions (time, temperature, etc.) will be main-
tained to be non-deleterious to the underlying first coating
layer 14 and the substrate.
[0041] After the second coating layer 16 is cured, it
may be rinsed or soaked, for example in water, to remove
any uncomplexed polyvinylpyrrolidone which may re-
main. Generally a brief rinse of 10-15 seconds is suffi-
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cient, however a longer rinse or soak is acceptable since
the coating is cured and forms a stable gel when in con-
tact with water. After the rinse, the coating may be dried
either at ambient temperature or at elevated tempera-
tures.
[0042] It will be appreciated that additional reagents
may be included in the first and second coating layer
mixtures as needed, in accordance with desired reaction
conditions to be achieved or desired properties of the
finished coating layers. Conventional additives include
surfactants, viscosity and flow control agents, antioxi-
dants, pigments, air release agents, and catalysts.
[0043] For example, surfactants or wetting agents may
be included to promote wetting to the substrate 10 or
underlying coating layer, as well as adhesion by the re-
action mixture. Examples of useful wetting agents include
without limitation: perfluoroalkyl ethoxylate mixtures,
2,4,7,9 -tetramethyl 1-5 decyn 4,7- diol and ethylene ox-
ide adducts thereof, 3,5 - dimethyl-1,-hexyn 3 ol, con-
densation products of ethylene oxide and di (isohexyl-
isoheptyl) phenol, condensation products of stear-
ylamine and ethylene oxide, nonyl phenoxypoly (ethyle-
neoxy) ethanol, and polyethoxylated octylphenol.
[0044] Viscosity and flow control agents may be used
to adjust the viscosity and thixotropy to a desired level.
Desirably, the viscosity of the coating mixtures will be
such that the coatings can be formed on the substrate at
the desired thickness. Viscosities of from 50 cps to 500
cps can be used although higher or lower viscosities may
be desirable in certain instances. Viscosity control agents
include but are not limited to fumed silica, cellulose ac-
etate butyrate and ethyl acrylate/ 2-ethyl hexyl acrylate
copolymer. Flow control agents, the nature and proper-
ties of which are well known to the skilled artisan in this
field, may be used in amounts from 0.05 to 5 percent by
weight of coating.
[0045] Antioxidants may be used to improve oxidative
stability of the cured coatings and include without limita-
tion tris (3,5-di-t-butyl-4-hydroxy benzyl) isocyanurate,
2,2’- methylenebis (4 methyl-6-t-butyl phenol), 1,3,5 Tri-
methyl-2,4,6-tris (3,5-di-t-butyl-4-hydroxybenzyl) ben-
zene, butyl hydroxy toluene, octadecyl 3,5, di-t-butyl 4-
hydroxyhydrocinnamate, 4,4’methylenebis (2,6-di-t-
butylphenol), p,p’-dioctyl diphenylamine, 1,1,3-tris-(2-
methyl-4-hydroxy-5-t-butylphenyl) butane. Antioxidants,
when included, may be used in amounts from 0.01 to 1
percent by weight of coating.
[0046] Conventional pigments can be added to impart
color or radiopacity, or to increase the desirable appear-
ance of the coatings. Air release agents (defoamers) in-
clude but are not limited to polydimethyl siloxanes,
2,4,7,9-tetramethyl-5-decyn-4 7-diol, 2-ethylhexyl alco-
hol, n-beta-aminoethyl-gamma-amino-propyl-trimethox-
ysilane. Air release agents, when included, may be used
in amounts from 0.005 to 0.5 percent by weight of coating.
[0047] Depending upon the particular isocyanates and
polyols or polyamines selected, a catalyst may or may
not be used. In all cases polyurethanes or polyureas re-

sult. Tertiary amine catalysts are suitable for use herein,
such as N,N-dimethylaminoethanol, N,N-dimethyl cyclo
hexylamine Bis-(2-dimethyl aminoethyl) ether,
N,N,N’,N’N"-pentamethyl-diethylene triamine, N-ethyl-
morpholine, and 1-(2-hydroxypropyl) imidizole. Exam-
ples of metallic catalysts include, but are not limited to
stannous octoate, dibutyl tin dilaurate, dibutyl tin mercap-
tide, calcium carbonate, ferric acetylacetonate, lead oc-
toate, and dibutyl tin diricinoleate. Where catalysts are
used, amounts are typically in the range of 0.05% to 0.5%
by weight of coating. Normal catalytic amounts as are
known in the art are preferred.
[0048] Following are presented examples illustrating
embodiments of the present invention. These examples
are presented to illustrate the presently contemplated
best mode of the invention, and are in no way to be con-
sidered limiting.

EXAMPLES

Example 1

[0049] A polyurethane/PEO primer coating according
to the present invention was prepared by combining the
following ingredients into a suitable glass mixing vessel:

3.60 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X; 1.34
g of a modified castor oil polyol, available as Polycin
12; 150 g of a 2.5% (w/w) solution of ~300,000 av-
erage molecular weight poly(ethylene oxide) availa-
ble from Sigma Aldrich in methylene bromide sol-
vent; and 595 g of methylene bromide. These ingre-
dients were mixed thoroughly to dissolve the com-
ponents. This yielded a coating solution of approxi-
mately 1% (w/w) concentration, with a NCO/OH ratio
of 1.3, and a ratio of polyurethane solids to poly(eth-
ylene oxide) of 1.0.

[0050] Next, a polyurethane/PVP top coating accord-
ing to the present invention was prepared by weighing
the following ingredients into a suitable glass mixing ves-
sel:

1.10 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X; 2.25
g of a saturated polyester polyol, available as
Desmophen 1800; 100 g of a 5% solution of a poly-
vinylpyrrolidone (dried for 90 minutes at 121 °C
(250°F) prior to placing in solution), available as Kol-
lidon 90F, in methylene bromide; and 377 g of meth-
ylene bromide. These ingredients were mixed thor-
oughly to dissolve the components. This yielded a
coating solution of approximately 1.65% (w/w) con-
centration, with a NCO/OH ratio of 1.3, and a ratio
of polyurethane solids to polyvinylpyrrolidone of 0.4.

[0051] A catheter containing a inflated PET balloon
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was first coated in the above mentioned poly-
urethane/PEO primer coating by immersing the catheter
in the coating at a rate of approximately 2 inches/second,
followed by withdrawing the catheter at a rate of approx-
imately 0.3 inches/second. The catheter was allowed to
dry in ambient conditions for approximately 20 minutes,
followed by baking at 73.9°C (165°F) for a period of 4
hours. The catheter was then coated with in the above
mentioned polyurethane/PVP top coating, using the
same dipping and baking conditions.
[0052] The result was a balloon catheter with a surface
which became very lubricious when wetted in warm wa-
ter, and rubbed firmly between the thumb and forefinger
to assess the lubricity. 10 cycles of rubbing a portion of
the balloon under running warm water resulted in only a
very modest perceived decrease in lubricity when com-
pared to an adjacent portion of the balloon which had not
been so rubbed.

Example 2

[0053] A polyurethane/PEO primer coating according
to the present invention was prepared by combining the
following ingredients into a suitable glass mixing vessel:

25.6 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X; 42.4
g of a saturated polyester polyol, available as
Desmophen 1800; 1200 g of a 5% (w/w) solution of
∼200,000 average molecular weight poly(ethylene
oxide) available as Polyox WSR N80 NF; and 3528
g of methylene bromide. These ingredients were
mixed thoroughly to dissolve the components. This
yielded a coating solution of approximately 2.5%
(w/w) concentration, with a NCO/OH ratio of 1.3, and
a ratio of polyurethane solids to poly(ethylene oxide)
of 1.0.

[0054] Next, a polyurethane/PVP top coating accord-
ing to the present invention was prepared by weighing
the following ingredients into a suitable glass mixing ves-
sel:

1.12 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X; 0.21
g of a modified castor oil polyol, available as Polycin
12; 322 g of methylene bromide; and 5.0 grams of
polyvinylpyrrolidone, available as Kollidon 90F.
These ingredients were mixed thoroughly to dissolve
the components. This yielded a coating solution of
approximately 1.7% (w/w) concentration, with a
NCO/OH ratio of 2.6, and a ratio of polyurethane
solids to polyvinylpyrrolidone of 0.19.

[0055] A catheter containing an inflated PET balloon
was first coated in the above mentioned poly-
urethane/PEO primer coating by immersing the catheter
in the coating at a rate of approximately 1 inches/second,

followed by withdrawing the catheter at a rate of approx-
imately 0.5 inches/second. The catheter was allowed to
dry in ambient conditions for approximately 20 minutes,
followed by baking at 73.9°C (165°F) for a period of 1
hour. The catheter was then coated with the above men-
tioned polyurethane/PVP top coating, using the same
dipping conditions, followed by a bake cycle of 73.9°C
(165°F) for a period of 4 hours.
[0056] The result was a balloon catheter with a surface
which became very lubricious when wetted in warm wa-
ter, and tested by rubbing as described in Example 1.
Only a modest decrease in lubricity was observed when
the surface was challenged with 10 rubbing cycles as
described in Example 1.

Example 3

[0057] A polyurea/PEO primer coating according to the
present invention is prepared by combining the following
ingredients into a suitable glass mixing vessel:

17.0 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X; 1.11
g of a difunctional polyetheramine available as Jef-
famine EDR148; 200 g of a 5% (w/w) solution of
∼200,000 average molecular weight poly(ethylene
oxide) available as Alkox R400 in methylene bromide
solvent; and 507 g of 1,3-dioxolane solvent. These
ingredients are mixed thoroughly to dissolve the
components. This yields a coating solution of ap-
proximately 3.1% (w/w) concentration, with a
NCO/NH ratio of 1.1, and a ratio of polyurea solids
to poly(ethylene oxide) of 1.25.

[0058] Next, a polyurethane/PVP top coating of the
present invention is prepared by weighing the following
ingredients into a suitable glass mixing vessel:

5.99 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X; 2.99
g of a castor oil polyol, available as D B Oil; 200 g
of a 5% solution of a polyvinylpyrrolidone (dried for
90 minutes at 121°C (250°F) before placing in solu-
tion), available as Plasdone 90, in 1,3-dioxolane; and
196 g of 1,3-dioxolane.

[0059] These ingredients are mixed thoroughly to dis-
solve the components. This yields a coating solution of
approximately 4.2% (w/w) concentration, with a NCO/OH
ratio of 1.3, and a ratio of polyurethane solids to polyvi-
nylpyrrolidone of 0.7.
[0060] A catheter containing an inflated PET balloon
is first coated with the above mentioned polyurea/PEO
primer coating by immersing the catheter in the coating
at a rate of approximately 1.5 inches/second, followed
by withdrawing the catheter at a rate of approximately
0.5 inches/second. The catheter is allowed to dry in am-
bient conditions for approximately 30 minutes, followed
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by baking at 73.9°C (165°F) for a period of 4 hours. The
catheter is then coated with the above mentioned poly-
urethane/PVP top coating, using the same dipping and
baking conditions.

Example 4

[0061] A polyurethane/PEO primer coating according
to the present invention is prepared by combining the
following ingredients into a suitable glass mixing vessel:

11.7 g of a castor oil modified polyisocyanate product
available as Vorite 63; 8.26 g of a polyether polyol
available as Poly THF 650; 400 g of a 2.5% (w/w)
solution of ∼200,000 average molecular weight po-
ly(ethylene oxide) available as Alkox R400 in meth-
ylene bromide solvent; and 2080 g of methylene bro-
mide solvent. These ingredients are mixed thorough-
ly to dissolve the components. This yields a coating
solution of approximately 1.2% (w/w) concentration,
with a NCO/OH ratio of 1.3, and a ratio of poly-
urethane solids to poly(ethylene oxide) of 2.0.

[0062] Next, a polyurea/PVP top coating of the present
invention is prepared by weighing the following ingredi-
ents into a suitable glass mixing vessel:

3.1 g of a polyisocyanate, available as Baytec MP-
080; 0.9 g of a difunctional polyetheramine available
as Jeffamine ED 600; 200 g of a 5% solution of a
polyvinylpyrrolidone (dried for 120 minutes at 107°C
(225°F) before placing in solution), available as Plas-
done 90, in acetonitrile; and 85.7 g of acetonitrile.
These ingredients are mixed thoroughly to dissolve
the components. This yields a coating solution of ap-
proximately 4.9% (w/w) concentration, with a
NCO/NH ratio of 1.4, and a ratio of polyurethane sol-
ids to polyvinylpyrrolidone of 0.4.

[0063] A catheter containing an inflated PET balloon
is first coated with the above mentioned polyurea/PEO
primer coating by immersing the catheter in the coating
at a rate of approximately 1.2 inches/second, followed
by withdrawing the catheter at a rate of approximately
0.4 inches/second. The catheter is allowed to dry in am-
bient conditions for approximately 20 minutes, followed
by baking at 76.7°C (170°F) for a period of 4 hours.
[0064] The catheter is then coated with the above men-
tioned polyurethane/PVP top coating, using the same
dipping and baking conditions.

Example 5

[0065] A polyurethane/PEO primer coating according
to the present invention is prepared by combining the
following ingredients into a suitable glass mixing vessel:

8.7 g of an aromatic polyisocyanate product availa-

ble as Desmodur IL; 6.4 g of a polyether polyol avail-
able as Poly THF 1000; 200 g of a 5% (w/w) solution
of ∼200,000 average molecular weight poly(ethylene
oxide) available as Alkox R400 in 1,3-dioxolane sol-
vent; and 896 g of methylene bromide solvent. These
ingredients are mixed thoroughly to dissolve the
components. This yields a coating solution of ap-
proximately 2.25% (w/w) concentration, with a
NCO/OH ratio of 1.3, and a ratio of polyurethane
solids to poly(ethylene oxide) of 1.5.

[0066] Next, a polyurethane/PVP top coating of the
present invention is prepared by weighing the following
ingredients into a suitable glass mixing vessel:

3.1 g of a polyisocyanate, available as Baytec MP-
210; 5.31 g of a modified castor oil polyol, available
as Polycin 12; 400 g of a 5% solution of a polyvi-
nylpyrrolidone (dried for 4 hours at 96.1°C (205°F)
before placing in solution), available as Plasdone 90,
in acetonitrile; and 499 g of 1,3-dioxolane. These
ingredients are mixed thoroughly to dissolve the
components. This yields a coating solution of ap-
proximately 4.5% (w/w) concentration, with a
NCO/OH ratio of 1.1, and a ratio of polyurethane
solids to polyvinylpyrrolidone of 0.6.

[0067] Then, a catheter containing an inflated PET bal-
loon is first coated with the above mentioned polyu-
rea/PEO primer coating by immersing the catheter in the
coating at a rate of approximately 1.0 inches/second, fol-
lowed by withdrawing the catheter at a rate of approxi-
mately 0.3 inches/second. The catheter is allowed to dry
in ambient conditions for approximately 20 minutes, fol-
lowed by baking at 79.4°C (175°F) for a period of 3.5
hours.
[0068] The catheter is then coated with the above men-
tioned polyurethane/PVP top coating, using the same
dipping and baking conditions.

Example 6

[0069] A polyurea/PEO primer coating according to the
present invention is prepared by combining the following
ingredients into a suitable glass mixing vessel:

26 g of a toluene diisocyanate adduct of trimethylol-
propane, available as Desmodur L 67 MPA/X; 4.6 g
of a trifunctional polyetheramine available as Jeffam-
ine T-403; 400 g of a 5% (w/w) solution of ~100,000
average molecular weight poly(ethylene oxide)
available as Alkox R150 in methylene bromide sol-
vent; and 1329 g of acetonitrile solvent. These in-
gredients are mixed thoroughly to dissolve the com-
ponents. This yields a coating solution of approxi-
mately 2.5% (w/w) concentration, with a NCO/NH
ratio of 1.3, and a ratio of polyurea solids to poly(eth-
ylene oxide) of 1.2.
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[0070] Next, a polyurea/PVP top coating according to
the present invention is prepared by weighing the follow-
ing ingredients into a suitable glass mixing vessel:

10.0 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X’ 3.3
g of a difunctional polyetheramine available as Jef-
famine ED 600; 400 g of a 5% solution of a polyvi-
nylpyrrolidone (dried overnight at 82.2°C (180°F) be-
fore placing in solution), available as Kollidon 90F,
in methylene bromide; and 1405 g of methylene bro-
mide. These ingredients are mixed thoroughly to dis-
solve the components. This yields a coating solution
of approximately 1.65% (w/w) concentration, with a
NCO/NH ratio of 1.3, and a ratio of polyurea solids
to polyvinylpyrrolidone of 0.5.

[0071] A catheter containing an inflated PET balloon
is first coated with the above mentioned polyurea/PEO
primer coating by immersing the catheter in the coating
at a rate of approximately 2.0 inches/second, followed
by withdrawing the catheter at a rate of approximately
0.5 inches/second. The catheter is allowed to dry in am-
bient conditions for approximately 20 minutes, followed
by baking at 65.6°C (150°F) for a period of 8 hours.
[0072] The catheter is then coated with the above men-
tioned polyurethane/PVP top coating, using the same
dipping and baking conditions.

COMPARATIVE EXAMPLES

Comparative Example 1

[0073] For comparison, a balloon catheter as de-
scribed in Example 1 was coated in the poly-
urethane/PVP top coating as described in Example 1,
but without first coating with the polyurethane/PEO prim-
er coating. The coating was applied by dipping, and dried
and baked as described in Example 1.
[0074] The result was a balloon catheter with a surface
which became very lubricious when wetted in warm wa-
ter. However, the coating was easily removed by rubbing
as described above. After less than 10 cycles of rubbing,
the surface of the balloon had become noticeably less
lubricious.

Comparative Example 2

[0075] For comparison, a polyurethane primer coating
was prepared by combining the following ingredients into
a suitable glass mixing vessel:

13.8 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X; 6.1
g a modified castor oil polyol, available as Polycin
12; and 364 g of butyl acetate solvent. These ingre-
dients were mixed thoroughly to dissolve the com-
ponents. This yielded a polyurethane primer solution

of approximately 4% (w/w) concentration, with a
NCO/NH ratio of 1.1.

[0076] A polyurethane/PVP top coating was prepared
substantially as described in Example 1 by weighing the
following ingredients into a suitable glass mixing vessel:

1.10 g of a toluene diisocyanate adduct of trimethy-
lolpropane, available as Desmodur L 67 MPA/X; 2.25
g of a saturated polyester polyol, available as
Desmophen 1800; 100 g of a 5% solution of a poly-
vinylpyrrolidone (dried for 90 minutes at 121°C
(250°F) before placing in solution), available as Kol-
lidon 90F, in methylene bromide; and 377 g of meth-
ylene bromide. These ingredients were mixed thor-
oughly to dissolve the components. This yielded a
coating solution of approximately 1.65% (w/w) con-
centration, with a NCO/OH ratio of 1.3, and a ratio
of polyurethane solids to polyvinylpyrrolidone of 0.4.

[0077] Then, a catheter containing an inflated PET bal-
loon was dipped in the polyurethane primer at a rate of
approximately 2 inches/second, followed by withdrawing
the catheter at a rate of approximately 0.3 inches/second.
The catheter was allowed to dry in ambient conditions
for approximately 20 minutes, followed by baking at
73.9°C (165°F) for a period of 4 hours.
[0078] The catheter was then coated with in the above
mentioned polyurethane/PVP top coating, using the
same dipping and baking conditions.
[0079] The result was a balloon catheter with a surface
which became very lubricious when wetted in warm wa-
ter, and rubbed firmly between the thumb and forefinger
to assess the lubricity. However, after rubbing the surface
10 times, a noticeable loss of lubricity was observed,
compared to a balloon catheter coated using a poly-
urethane/PEO primer as described in Example 1. This
demonstrated that even with a polyurethane primer which
adhered to the balloon, the lubricious topcoat was less
durable compared to a primer coat comprising poly-
urethane/PEO or polyurea/PEO composition.
[0080] The skilled artisan will appreciate that after for-
mation of the coating in accordance with the disclosure
as set forth herein, the coating can imbibe water from an
aqueous solution prior to introduction to the body and
can become lubricious. Alternatively, the coating can im-
bibe water solely from body fluids, even if not introduced
to water prior to introduction into the body. Because the
coating is a cross-linked system, it adheres well to the
substrate and/or underlying coating even when hydrated.
It can be dried and remoistened repeatedly and it will
retain its lubricating properties.
[0081] Even further, the two-layer coating as described
herein provides further advantages over conventional hy-
drophilic coatings for substrates such as medical devic-
es. The first, poly(ethylene oxide)-based coating 14 re-
sists abrasion, and exhibits superior durability. The sec-
ond, polyvinylpyrrolidone-based coating 16 provides a
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hydrophilic, layer which is more lubricious, but less du-
rable than the first coating. In the event that a portion of
the second coating layer becomes worn or abraded (see
arrows in Figure 2), the first, more durable coating layer
14 remains and provides a lubricious surface. Even fur-
ther, it is believed that even in the event of wear or abra-
sion of the second coating layer 16, a polyvinylpyrro-
lidone-rich portion remains in the abraded area due to
interpenetration of the second coating layer 16 with the
first coating layer 14, improving lubriciousness of the
coating as a whole over that found in a conventional po-
ly(ethylene oxide)- or polyvinylpyrrolidone-based coat-
ing.
[0082] Thus, even in the event of wear or abrasion, a
medical device or other substrate 10 coated with a two-
layer coating according to the present disclosure shows
improved properties of hydrophilicity/lubriciousness
compared to conventional poly(ethylene oxide)- or poly-
vinylpyrrolidone-based coatings. The present coating
can be dried and remoistened repeatedly while retaining
its lubricating properties.

Claims

1. A coated substrate, obtainable by a method com-
prising:

applying a first coating layer comprising a po-
ly(ethylene oxide) having an average molecular
weight of from 80,000 to 600,000 to an exterior
surface of a substrate;
curing the first coating layer to provide a coating
comprising a cross-linked poly(ethylene oxide);
applying a second coating layer comprising a
polyvinylpyrrolidone to the first coating layer;
and
curing the second coating layer to provide a sec-
ond coating comprising a cross-linked polyvi-
nylpyrrolidone;

wherein the first coating layer is substantially cov-
ered by the second coating layer and the second
coating layer at least partially interpenetrates the first
coating layer.

2. The coated substrate according to claim 1, wherein
the polyvinylpyrrolidone has an average molecular
weight of from 50,000 to 2.5 million.

3. The coated substrate according to claim 1, wherein
the first coating layer further comprises a poly-
urethane or a polyurea, and wherein the poly-
urethane in the first coating layer is formed by react-
ing an isocyanate and a polyol and the polyurea in
the first coating layer is formed by reacting an iso-
cyanate and a polyamine, in a reaction where the
stoichiometric ratio of total isocyanate NCO groups

to total polyol OH groups or to total polyamine NH
groups is 1.1:1.

4. The coated substrate according to claim 1, wherein
the second coating layer further comprises a poly-
urethane or a polyurea, and wherein the poly-
urethane in the second coating layer is formed by
reacting an isocyanate and a polyol and the polyurea
in the second coating layer is formed by reacting an
isocyanate and a polyamine, in a reaction where the
stoichiometric ratio of total isocyanate NCO groups
to total polyol OH groups or to total polyamine NH
groups is 1.3:1.

5. The coated substrate according to any one of claims
1 to 4, wherein the substrate is a medical device.

6. The coated substrate according to any one of claims
1 to 5, wherein the substrate is a medical device
selected from a catheter, a balloon catheter, a uri-
nary catheter, a catheter introducer, a medical wire,
a stent, a stent graft, or a dilation balloon.

7. A method for providing a coating on the exterior sur-
face of a substrate comprising:

applying a first coating layer comprising a po-
ly(ethylene oxide) having an average molecular
weight of from 80,000 to 600,000;
curing the first coating layer to provide a coating
comprising a cross-linked poly(ethylene oxide);
applying a second coating layer comprising a
polyvinylpyrrolidone to the first coating layer;
and
curing the second coating layer to provide a sec-
ond coating comprising a cross-linked polyvi-
nylpyrrolidone;

wherein the first coating layer is substantially cov-
ered by the second coating layer and the second
coating layer at least partially interpenetrates the first
coating layer.

8. The method according to claim 7, wherein the poly-
vinylpyrrolidone has an average molecular weight of
from 50,000 to 2.5 million.

9. The method according to claim 7, wherein the first
coating layer further comprises a polyurethane or a
polyurea, and wherein the polyurethane in the first
coating layer is formed by reacting an isocyanate
and a polyol and the polyurea in the first coating layer
is formed by reacting an isocyanate and a polyamine,
in a reaction where the stoichiometric ratio of total
isocyanate NCO groups to total polyol OH groups or
to total polyamine NH groups is 1.1:1.

10. The method according to claim 7, wherein the sec-
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ond coating layer further comprises a polyurethane
or a polyurea, and wherein the polyurethane in the
second coating layer is formed by reacting an isocy-
anate and a polyol and the polyurea in the second
coating layer is formed by reacting an isocyanate
and a polyamine, in a reaction where the stoichio-
metric ratio of total isocyanate NCO groups to total
polyol OH groups or to total polyamine NH groups
is 1.3:1.

11. The method according to any one of claims 7 to 10,
wherein the substrate is a medical device.

12. The method according to any one of claims 7 to 11,
wherein the substrate is a medical device selected
from a catheter, a balloon catheter, a urinary cathe-
ter, a catheter introducer, a medical wire, a stent, a
stent graft, or a dilation balloon.

Patentansprüche

1. Beschichtetes Substrat, erhältlich durch ein Verfah-
ren, umfassend:

Aufbringen einer ersten Beschichtungsschicht,
die ein Poly(ethylenoxid) mit einem durch-
schnittlichen Molekulargewicht von 80.000 bis
600.000 umfasst, auf eine Außenoberfläche ei-
nes Substrats;
Aushärten der ersten Beschichtungsschicht, so
dass eine Beschichtung, die ein quervernetztes
Poly(ethylenoxid) umfasst, bereitgestellt wird;
Aufbringen einer zweiten Beschichtungs-
schicht, die ein Polyvinylpyrrolidon umfasst, auf
die erste Beschichtungsschicht; und
Aushärten der zweiten Beschichtungsschicht,
so dass eine zweite Beschichtung, die ein quer-
vernetztes Polyvinylpyrrolidon umfasst, bereit-
gestellt wird;

worin die erste Beschichtungsschicht durch die
zweite Beschichtungsschicht im Wesentlichen be-
deckt ist und die zweite Beschichtungsschicht we-
nigstens teilweise die erste Beschichtungsschicht
durchdringt.

2. Beschichtetes Substrat gemäß Anspruch 1, worin
das Polyvinylpyrrolidon ein durchschnittliches Mole-
kulargewicht von 50.000 bis 2,5 Millionen aufweist.

3. Beschichtetes Substrat gemäß Anspruch 1, worin
die erste Beschichtungsschicht ferner ein Polyure-
than oder einen Polyharnstoff umfasst und worin das
Polyurethan in der ersten Beschichtungsschicht
durch Reagierenlassen eines Isocyanats und eines
Polyols gebildet wird und der Polyharnstoff in der
ersten Beschichtungsschicht durch Reagierenlas-

sen eines Isocyanats und eines Polyamins in einer
Reaktion, bei welcher das stöchiometrische Verhält-
nis von totalen Isocyanat-NCO-Gruppen zu totalen
Polyol-OH-Gruppen oder zu totalen Polyamin-NH-
Gruppen 1,1:1 ist, gebildet wird.

4. Beschichtetes Substrat gemäß Anspruch 1, worin
die zweite Beschichtungsschicht ferner ein Polyure-
than oder einen Polyharnstoff umfasst und worin das
Polyurethan in der zweiten Beschichtungsschicht
durch Reagierenlassen eines Isocyanats und eines
Polyols gebildet wird und der Polyharnstoff in der
zweiten Beschichtungsschicht durch Reagierenlas-
sen eines Isocyanats und eines Polyamins in einer
Reaktion, bei welcher das stöchiometrische Verhält-
nis von totalen Isocyanat-NCO-Gruppen zu totalen
Polyol-OH-Gruppen oder zu totalen Polyamin-NH-
Gruppen 1,3:1 ist, gebildet wird.

5. Beschichtetes Substrat gemäß einem der Ansprü-
che 1 bis 4, worin das Substrat eine medizinische
Vorrichtung ist.

6. Beschichtetes Substrat gemäß einem der Ansprü-
che 1 bis 5, worin das Substrat eine medizinische
Vorrichtung ist, die ausgewählt wird aus einem Ka-
theter, einem Ballon-Katheter, einem Harnkatheter,
einem Kathetereinführer, einem medizinischen
Draht, einem Stent, einem Stent-Graft oder einem
Dilatationsballon.

7. Verfahren zur Bereitstellung einer Beschichtung auf
der Außenoberfläche eines Substrats, umfassend:

Aufbringen einer ersten Beschichtungsschicht,
die ein Poly(ethylenoxid) mit einem durch-
schnittlichen Molekulargewicht von 80.000 bis
600.000 umfasst, auf eine Außenoberfläche ei-
nes Substrats;
Aushärten der ersten Beschichtungsschicht, so
dass eine Beschichtung, die ein quervernetztes
Poly(ethylenoxid) umfasst, bereitgestellt wird;
Aufbringen einer zweiten Beschichtungs-
schicht, die ein Polyvinylpyrrolidon umfasst, auf
die erste Beschichtungsschicht; und
Aushärten der zweiten Beschichtungsschicht,
so dass eine zweite Beschichtung, die ein quer-
vernetztes Polyvinylpyrrolidon umfasst, bereit-
gestellt wird;

worin die erste Beschichtungsschicht durch die
zweite Beschichtungsschicht im Wesentlichen be-
deckt wird und die zweite Beschichtungsschicht we-
nigstens teilweise die erste Beschichtungsschicht
durchdringt.

8. Verfahren gemäß Anspruch 7, worin das Polyvinyl-
pyrrolidon ein durchschnittliches Molekulargewicht
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von 50.000 bis 2,5 Millionen aufweist.

9. Verfahren gemäß Anspruch 7, worin die erste Be-
schichtungsschicht ferner ein Polyurethan oder ei-
nen Polyharnstoff umfasst und worin das Polyure-
than in der ersten Beschichtungsschicht durch Re-
agierenlassen eines Isocyanats und eines Polyols
gebildet wird und der Polyharnstoff in der ersten Be-
schichtungsschicht durch Reagierenlassen eines
Isocyanats und eines Polyamins in einer Reaktion,
bei welcher das stöchiometrische Verhältnis von to-
talen Isocyanat-NCO-Gruppen zu totalen Polyol-
OH-Gruppen oder zu totalen Polyamin-NH-Gruppen
1,1:1 ist, gebildet wird.

10. Verfahren gemäß Anspruch 7, worin die zweite Be-
schichtungsschicht ferner ein Polyurethan oder ei-
nen Polyharnstoff umfasst und worin das Polyure-
than in der zweiten Beschichtungsschicht durch Re-
agierenlassen eines Isocyanats und eines Polyols
gebildet wird und der Polyharnstoff in der zweiten
Beschichtungsschicht durch Reagierenlassen eines
Isocyanats und eines Polyamins in einer Reaktion,
bei welcher das stöchiometrische Verhältnis von to-
talen Isocyanat-NCO-Gruppen zu totalen Polyol-
OH-Gruppen oder zu totalen Polyamin-NH-Gruppen
1,3:1 ist, gebildet wird.

11. Verfahren gemäß einem der Ansprüche 7 bis 10,
worin das Substrat eine medizinische Vorrichtung
ist.

12. Verfahren gemäß einem der Ansprüche 7 bis 11,
worin das Substrat eine medizinische Vorrichtung
ist, die ausgewählt wird aus einem Katheter, einem
Ballon-Katheter, einem Harnkatheter, einem Kathe-
reinführer, einem medizinischen Draht, einem Stent,
einem Stent-Graft oder einem Dilatationsballon.

Revendications

1. Substrat revêtu, pouvant être obtenu par un procédé
comprenant :

l’application d’une première couche de revête-
ment comprenant un poly(oxyde d’éthylène)
ayant une masse moléculaire moyenne de 80
000 à 600 000 à une surface extérieure d’un
substrat ;
le durcissement de la première couche de revê-
tement pour former un revêtement comprenant
un poly(oxyde d’éthylène) réticulé ;
l’application d’une seconde couche de revête-
ment comprenant une polyvinylpyrrolidone à la
première couche de revêtement; et
le durcissement de la seconde couche de revê-
tement pour former un second revêtement com-

prenant une polyvinylpyrrolidone réticulée;

dans lequel la première couche de revêtement est
sensiblement recouverte par la seconde couche de
revêtement et la seconde couche de revêtement in-
terpénètre au moins partiellement la première cou-
che de revêtement.

2. Substrat revêtu selon la revendication 1, dans lequel
la polyvinylpyrrolidone a une masse moléculaire
moyenne de 50 000 à 2,5 millions.

3. Substrat revêtu selon la revendication 1, dans lequel
la première couche de revêtement comprend en
outre un polyuréthane ou une polyurée, et dans le-
quel le polyuréthane dans la première couche de
revêtement est formé en faisant réagir un isocyanate
et un polyol et la polyurée dans la première couche
de revêtement est formée en faisant réagir un iso-
cyanate et une polyamine, dans une réaction où le
rapport stoechiométrique du total des groupes NCO
d’isocyanate sur le total des groupes OH de polyol
ou sur le total des groupes NH de polyamine est de
1,1:1.

4. Substrat revêtu selon la revendication 1, dans lequel
la seconde couche de revêtement comprend en
outre un polyuréthane ou une polyurée, et dans le-
quel le polyuréthane dans la seconde couche de re-
vêtement est formé en faisant réagir un isocyanate
et un polyol et la polyurée dans la seconde couche
de revêtement est formée en faisant réagir un iso-
cyanate et une polyamine, dans une réaction où le
rapport stoechiométrique du total des groupes NCO
d’isocyanate sur le total des groupes OH de polyol
ou sur le total des groupes NH de polyamine est de
1,3:1.

5. Substrat revêtu selon l’une quelconque des reven-
dications 1 à 4, dans lequel le substrat est un dispo-
sitif médical.

6. Substrat revêtu selon l’une quelconque des reven-
dications 1 à 5, dans lequel le substrat est un dispo-
sitif médical choisi parmi un cathéter, un cathéter à
ballonnet, un cathéter urinaire, un introducteur de
cathéter, un fil médical, une endoprothèse, une gref-
fe d’endoprothèse, ou un ballonnet de dilatation.

7. Procédé de formation d’un revêtement sur la surface
extérieure d’un substrat comprenant :

l’application d’une première couche de revête-
ment comprenant un poly(oxyde d’éthylène)
ayant une masse moléculaire moyenne de 80
000 à 600 000 ;
le durcissement de la première couche de revê-
tement pour former un revêtement comprenant
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un poly(oxyde d’éthylène) réticulé ;
l’application d’une seconde couche de revête-
ment comprenant une polyvinylpyrrolidone sur
la première couche de revêtement; et
le durcissement de la seconde couche de revê-
tement pour former un second revêtement com-
prenant une polyvinylpyrrolidone réticulée ;

dans lequel la première couche de revêtement est
sensiblement recouverte par la seconde couche de
revêtement et la seconde couche de revêtement in-
terpénètre au moins partiellement la première cou-
che de revêtement.

8. Procédé selon la revendication 7, dans lequel la po-
lyvinylpyrrolidone a une masse moléculaire moyen-
ne de 50 000 à 2,5 millions.

9. Procédé selon la revendication 7, dans lequel la pre-
mière couche de revêtement comprend en outre un
polyuréthane ou une polyurée, et dans lequel le po-
lyuréthane dans la première couche de revêtement
est formé en faisant réagir un isocyanate et un polyol
et la polyurée dans la première couche de revête-
ment est formée en faisant réagir un isocyanate et
une polyamine, dans une réaction où le rapport stoe-
chiométrique du total des groupes NCO d’isocyana-
te sur le total des groupes OH de polyol ou sur le
total des groupes NH de polyamine est de 1,1:1.

10. Procédé selon la revendication 7, dans lequel la se-
conde couche de revêtement comprend en outre un
polyuréthane ou une polyurée, et dans lequel le po-
lyuréthane dans la seconde couche de revêtement
est formé en faisant réagir un isocyanate et un polyol
et la polyurée dans la seconde couche de revête-
ment est formée en faisant réagir un isocyanate et
une polyamine, dans une réaction où le rapport stoe-
chiométrique du total des groupes NCO d’isocyana-
te sur le total des groupes OH de polyol ou sur le
total des groupes NH de polyamine est de 1,3:1.

11. Procédé selon l’une quelconque des revendications
7 à 10, dans lequel le substrat est un dispositif mé-
dical.

12. Procédé selon l’une quelconque des revendications
7 à 11, dans lequel le substrat est un dispositif mé-
dical choisi parmi un cathéter, un cathéter à ballon-
net, un cathéter urinaire, un introducteur de cathéter,
un fil médical, une endoprothèse, une greffe d’en-
doprothèse, ou un ballonnet de dilatation.
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