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Description

[0001] The presentinvention generally relates to a method for making a silicone hydrogel contact lens having a nano-
textured surface which mimics the surface texture of cornea of human eye and silicone hydrogel contact lenses made
therefrom.

BACKGROUND

[0002] Soft contact lenses have alleviated some of the problems that patients have experienced in not being able to
wear hard contact lenses (e.g., RGP lenses) or in not being able to wear them for sufficiently long periods of time,
because of initial discomfort (i.e., immediately after lens insertion), relatively long period of adapting time (a week or
two) required for a patient to become accustomed to them, and/or improper fit (lenses become dislodged and/or are
very uncomfortable).

[0003] Although soft contact lenses can improve wearing comfort, there may be some cornea health issues caused
by wearing soft contact lenses. Unlike other tissues which receive oxygen from the blood supply, a cornea can only
receive oxygen from the surrounding air. But, because soft contact lenses can conform closely to the shape of the eye,
oxygen cannot easily circumvent the lens. If sufficient oxygen does not reach the cornea, corneal swelling occurs.
Extended periods of oxygen deprivation cause the undesirable growth of blood vessels in the cornea. Soft contact lenses
must allow oxygen from the surrounding air (i.e., oxygen) to reach the cornea.

[0004] Silicone hydrogel (SiHy) contact lenses have been developed recently to allow sufficient oxygen to permeate
through the lens to the cornea and to have minimal adverse effects on corneal health. SiHy contact lenses are made of
a hydrated, crosslinked polymeric material that contains silicone and a certain amount of water within the lens polymer
matrix at equilibrium. Water in a SiHy contact lens provides the desirable softness that enables the SiHy lens to be worn
for sufficiently long periods of time and provides patients with the benefits including adequate initial comfort (i.e., imme-
diately after lens insertion), relatively short period of adapting time required for a patient to become accustomed to them,
and/or proper fit. Incorporation of silicone in a SiHy contact lens material may provide the contact lens relatively-high
oxygen permeability needed for a healthy cornea.

[0005] In recent years, a great number of efforts have been made to develop contact lenses with improved wearing
confort. One exampleis to incorporate leacheable wetting agents in contact lenses (see, e.g., U.S. Patent Nos. 4,045,547,
4,042,552, 5,198,477, 5,219,965, 6,367,929 and 6,822,016, 7,279,507 and U.S. patent application publication Nos.
2006/0079598A1 and 2006/0251696A1, herein incorporated by reference in their entireties). Another example is to
incorporate bioactive agents and hydrophobic comfort agents into contact lenses (see, e.g., U.S. patent application
publication No. 2008/0124376A1 and US 2010/ A1, herein incorporated by reference in their entireties).

[0006] US 2002/086160 A1 discloses a process for surface modifying a silicone hydrogel contact lens, comprising the
steps of: (a) applying to the material surface a tie layer comprising a polyionic material; (b) covalently binding a bifunctional
compound comprising an ethylenically unsaturated double bond to the tie layer; and (c) graft polymerizing a hydrophilic
monomer onto the compound comprising the ethylenically unsaturated double bond.

[0007] Therefore, there is still a need for SiHy contact lenses with improved wearing confort.

SUMMARY OF THE INVENTION

[0008] In one aspect, the invention provides a method for making contact lenses, preferably silicone hydrogel contact
lenses, having nano-textured surfaces. A method of the invention comprises the steps of: (1) providing an organic-based
coating solution including an organic-based solvent and a polymeric coating material dissolved in the organic-based
solvent, wherein the polymeric coating material comprises multiple first reactive functional groups and multiple affinity
groups or moieties; (2) contacting a contact lens with the organic-based coating solution to swell the contact lens and
form an intermediary coating of the polymeric coating material on the contact lens, wherein the contact lens comprises,
at and near the surface of the contact lens, monomeric units and/or hydrophobic moieties and/or segments capable of
interacting with the affinity groups or moieties of the polymeric coating material so as to bind the polymeric coating
material, wherein the average molecular weight of the polymeric coating material is selected to be sufficient high to
ensure that the polymeric coating material partially penetrate into the contact lens swollen by the organic-based solvent;
(3) contacting the swollen contact lens having the intermediary coating thereon with an aqueous solution or preferably
water to shrink the contact lens having the intermediary coating thereon to form a prime coating having nano-textures
on the contact lens; and (4) fixing the nano-textures in the prime coating by crosslinking a water-soluble and crosslinkable
hydrophilic polymeric material with multiple second functional reactive functional groups onto the prime coating through
the first reactive functional groups to form a crosslinked polymeric coating that perserves the nano-textures of the prime
coating and provides a nano-textured surface to the contact lens, wherein one first reactive functional reactive group
can react with one second reactive functional group in the presence or absence of a coupling agent to form one crosslink-
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age between the polymeric coating material and the water-soluble and crosslinkable hydrophilic polymeric material.
[0009] In another aspect, the invention provides a silicone hdyrogel contact comprising a silicone hydrogel lens body
and a non-silicone hydrogel coating thereon, wherein the coating comprises winkle surface patterns (nano-textures)
having a roughness (i.e., an arithmetical mean roughness, Ra) of from about 5 nm to about 600 nm, preferably from
about 10 nm to about 400 nm, even more preferably from about 15 nm to about 200 nm, even more preferably from
about 20 nm to about 100 nm.

[0010] These and other aspects of the invention including various preferred embodiments in any combination will
become apparent from the following description of the presently preferred embodiments. The detailed description is
merely illustrative of the invention and does not limit the scope of the invention, which is defined by the appended claims
and equivalents thereof. As would be obvious to one skilled in the art, many variations and modifications of the invention
may be effected without departing from the spirit and scope of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Figure 1 shows the transmision-differential-interference-contrast (TDIC) images of (A) a SiHy contact lens without
nano-textured surfaces and (B) s SiHy contact lens with nano-textured surfaces of the invention according to a
preferred embodiment. Both SiHy contact lenses are in hydrated states.

Figure 2 shows the reflection-differential-interference-contrast (RDIC) images of (A) a SiHy contact lens without
nano-textured surfaces and (B) s SiHy contact lens with nano-textured surfaces of the invention according to a
preferred embodiment. Both SiHy contact lenses are in hydrated states.

Figure 3 shows the fluorescence intensity profiles across the cross sections of a SiHy contact lens in a con-focal
laser fluorescence microscopy.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0012] Reference now will be made in detail to the embodiments of the invention. It will be apparent to those skilled
in the art that various modifications and variations can be made in the present invention without departing from the scope
or spirit of the invention. For instance, features illustrated or described as part of one embodiment, can be used on
another embodiment to yield a still further embodiment. Thus, it is intended that the present invention cover such
modifications and variations as come within the scope of the appended claims and their equivalents. Other objects,
features and aspects of the present invention are disclosed in or are obvious from the following detailed description. It
is to be understood by one of ordinary skill in the art that the present discussion is a description of exemplary embodiments
only, and is not intended as limiting the broader aspects of the present invention.

[0013] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Generally, the nomenclature used herein
and the laboratory procedures are well known and commonly employed in the art. Conventional methods are used for
these procedures, such as those provided in the art and various general references. Where a term is provided in the
singular, the inventors also contemplate the plural of that term. The nomenclature used herein and the laboratory pro-
cedures described below are those well known and commonly employed in the art.

[0014] A "hydrogel" refers to a crosslinked polymeric material which is not water-soluble and can contains at least
10% by weight of water within its polymer matrix when fully hydrated.

[0015] A "non-silicone hydrogel" refers to a hydrogel that is free of silicone.

[0016] A "silicone hydrogel" refers to a hydrogel containing silicone. A silicone hydrogel typically is obtained by copo-
lymerization of a polymerizable composition comprising at least one silicone-containing vinylic monomer or at least one
silicone-containing vinylic macromer or at least one silicone-containing prepolymer having ethylenically unsaturated
groups.

[0017] A "silicone hydrogel contact lens" refers to a contact lens comprising a silicone hydrogel material (or silicone
hydrogel).

[0018] A "vinylic monomer", as used herein, refers to a compound that has one sole ethylenically unsaturated group
and can be polymerized actinically or thermally.

[0019] The term "olefinically unsaturated group" or "ethylenically unsaturated group" is employed herein in a broad
sense and is intended to encompass any groups containing at least one >C=C< group. Exemplary ethylenically unsatu-
rated groups include without limitation (meth)acryloyl methacryloyl (



10

15

20

25

30

35

40

45

50

55

EP 2718 751 B1

0 g
t—C—C=CH,
and/or
<“3 _
—C—CH=CHy
), allyl, vinyl (
I

), styrenyl, or other C=C containing groups.

[0020] The term "(meth)acrylamide" refers to methacrylamide and/or acrylamide.

[0021] The term "(meth)acrylate" refers to methacrylate and/or acrylate.

[0022] A "hydrophilic vinylic monomer", as used herein, refers to a vinylic monomer which as a homopolymer typically
yields a polymer that is water-soluble or can absorb at least 10 percent by weight water.

[0023] A "hydrophobicvinylic monomer", as used herein, refers to a vinylic monomer which as a homopolymer typically
yields a polymer that is insoluble in water and can absorb less than 10 percent by weight water.

[0024] A"macromer" or "prepolymer" refers to a medium and high molecular weight compound or polymer that contains
two or more ethylenically unsaturated groups. Medium and high molecular weight typically means average molecular
weights greater than 700 Daltons.

[0025] A "polymer" means a material formed by polymerizing/crosslinking one or more monomers or macromers or
prepolymers.

[0026] "Molecular weight" of a polymeric material (including monomeric or macromeric materials), as used herein,
refers to the weight-average molecular weight unless otherwise specifically noted or unless testing conditions indicate
otherwise.

[0027] The term "amino group" refers to a primary or secondary amino group of formula-NHR’, where R’ is hydrogen
or a C4-Cyq unsubstituted or substituted, linear or branched alky! group, unless otherwise specifically noted.

[0028] The term "phosphorylcholine" refers to a zwitterionic group of

It Ri
—0-R-0~(CH)~\"R;
o Rs

in which n is an integer of 1 to 5 and R4, R, and R3 independently of each other are C4-Cg alkyl or C4-Cg hydroxyalkyl.
[0029] The term "reactive vinylic monomer" refers to a vinylic monomer having a reactive functional group selected
from the group consisting of carboxyl groups (-COOH), azetidinium group, amino groups (i.e., primary and/or secondary
amino groups), azlactone groups, isocyanate groups, epoxy groups, aziridine groups, or combinations thereof.

[0030] The term "non-reactive hydrophilic vinylic monomer" refers to a hydrophilic vinylic monomer which is free of
any carboxyl group or amino group (i.e., primary or secondary amino group). A non-reactive vinylic monomer can include
a tertiary or quaternium amino group.

[0031] An "azetidinium group" refers to a positively charged group of

OH-<:N€0

[0032] An "azlactone group" refers to a mono-valent radical of



10

15

20

25

30

35

40

45

50

55

EP 2718 751 B1

R
Ra~d

N
p(HZC?— \>—
c}—o

in which p is 0 or 1; R3 and R, independently can be an alkyl group having 1 to 14 carbon atoms a cycloalkyl group
having 3 to 14 carbon atoms, an aryl group having 5 to 12 ring atoms, an arenyl group having 6 to 26 carbon and 0 to
3 sulfur, nitrogen and/or oxygen atoms, or Ry and R, taken together with the carbon to which they are joined can form
a carbocyclic ring containing 4 to 12 ring atoms

[0033] The term "thermally-crosslinkable" in reference to a polymeric material or a functional group means that the
polymeric material or the functional group can undergo a crosslinking (or coupling) reaction with another material or
functional group at a relatively-elevated temperature (from about 40°C to about 140°C), whereas the polymeric material
orfunctionalgroup cannot undergo the same crosslinking reaction (or coupling reaction) with another material or functional
group at room temperature (i.e., from about 22°C to about 28°C, preferably from about 24°C to about 26°C, in particular
at about 25°C) to an extend detectable for a period of about one hour.

[0034] An "epichlorohydrin-functionalized polyamine" or "epichlorohydrin-functionalized polyamidoamine” refers to a
polymer obtained by reacting a polyamine or polyamidoamine with epichlorohydrin to convert all or a substantial per-
centage of amine groups of the polyamine or polyamidoamine into azetidinium groups.

[0035] The term "water-soluble" in reference to a polymer means that the polymer can be dissolved in water to an
extent sufficient to form an aqueous solution of the polymer having a concentration of from about 0.01% to about 30%
by weight at room temperature (defined above).

[0036] A "water contact angle" refers to an average water contact angle (i.e., contact angles measured by Sessile
Drop method), which is obtained by averaging measurements of contact angles with at least 3 individual contact lenses.
[0037] The intrinsic "oxygen permeability", Dk, of a material is the rate at which oxygen will pass through a material.
In accordance with the invention, the term "oxygen permeability (Dk)" in reference to a hydrogel (silicone or non-silicone)
or a contact lens means an oxygen permeability (Dk) which is corrected for the surface resistance to oxygen flux caused
by the boundary layer effect according to the procedures shown in Examples hereinafter. Oxygen permeability is con-
ventionally expressed in units of barrers, where "barrer” is defined as [(cm3 oxygen)(mm) / (cm?2 )(sec)(mm Hg)] x 10-19.
[0038] The "oxygen transmissibility", Dk/t, of a lens or material is the rate at which oxygen will pass through a specific
lens or material with an average thickness of t [in units of mm] over the area being measured. Oxygen transmissibility
is conventionally expressed in units of barrers/mm, where "barrers/mm" is defined as [(cm3 oxygen) / (cm?2 )(sec)(mm
Hg)] x10-9,

[0039] The "ion permeability" through a lens correlates with the lonoflux Diffusion Coefficient. The lonoflux Diffusion
Coefficient, D (in units of [mm2/min]), is determined by applying Fick’s law as follows:

D=-n'/ (A x dc/dx)

where n’ = rate of ion transport [mol/min]; A = area of lens exposed [mm2]; dc = concentration difference [mol/L]; dx =
thickness of lens [mm].

[0040] A "nano-textured surface" in reference to a contact lens means that a surface of the contact lens has nano-
textures. The term "nano-textures” in reference to a coating on a contact lens or a surface of a contact lens is intended
to describe wrinkle surface patterns that can be visually observed by examining the contact lens in hydrated state,
according to the method of either reflection differential interference contrast (RDIC) or transmission differential interfer-
ence contrast (TDIC) as described in Example 1, or according to atomic force microscopy (AFM) well known to a person
skilled in the art. Wrinkle surface patterns can have any kind of morphology, including, e.g., random and/or ordered
worm-like patterns similar to what shown in Figures 1 (B) and 2(B) of this application, hexanogal patterns (e.g., shown
in Figure 3 of the article by Guvendiren et al., "Swelling-Induced Surface Patterns in Hydrogels with Gradient Crosslinking
Density," Adv. Funct. Mater. 2009,19: 3038-3045, herein incorporated by reference in its entirety), or combinations
thereof. The term "worm-like patterns" refers patterns composed of geometric shapes which assemble worms. The
winkle surface patterns (nano-textures), have a roughness (i.e., an arithmetical mean roughness, Ra) of from about 5
nm to about 600 nm, preferably from about 10 nm to about 400 nm, even more preferably from about 15 nm to about
200 nm, even more preferably from about 20 nm to about 100 nm. Preferably, wrinkle surface patterns have a roughness
sufficient low to have minimal adverse impact upon the visible light transmissibility of the contact lens under study. The
minimal adverse impact of winkled surface patterns upon the visible light transmissibility of the contact lens under study
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T
is characterized by a reduction in light transmissibility, ( T_XIOO% in which T is the 400-700 nm light transmissibility

o
of a test lens with nano-textured surfaces and T is a control lens made.of the same material but without nano-textured
surfaces), of about 20% or less, preferably about 15% or less, more preferably about 10% or less, even more preferably
about 5% or less.
[0041] The term "partially penetrate” in reference to a polymeric coating material is intended to describe a process in
which the polymeric coating material cannot penetrate into the core of a contact lens but can only be adsorbed/absorbed
at and near the surface. Whether a polymeric coating material partially penetrates into a contact lens can be determined
by examining fluorescence intensity profiles across the cross sections of a contact lens having a coating of the polymeric
coating matering labelled with a fluorescent label in a con-focal laser fluorescence microscopy, as shown in Example.
[0042] The invention is generally related to a method for making contact lenses, especially SiHy contact lenses, with
nano-textured surfaces which has no or minimal adverse impact on the visible light (400 - 700 nm) transmissibility of
the contact lens. In the prior art, methods for producing contact lenses are generaly designed to produce contact lenses
having smooth surfaces. In contrast, a method of the invention can be used to produce contact lenses that do not have
smooth surface on sub-micron scale but instead have wrinkle surface patterns (i.e., nano-textures), imitating the natural
surface of human cornea. The external surface of the corneal epithelium is not a perfectly smooth surface on sub-micron
scale but rather exhibits a certain type of surface patterns (i.e., nano-textures) due to the microplicae present on the
surface. For example, Michael J. Doughty, in Current Eye Research 28(3): 203-214 (2004), reports that random worm-
like patterns are observed in higher magnification SEM images (scanning electron microscopy images, Figure 5) of
superficial corneal epithelial cells of recent post-mortem bovine eyes imaged by scanning electron microscopy, to be
associated with the different densities of microplicae on the cell surfaces (herein incorporated by reference in its entirety).
Such surface nano-structures may serve as a physico-chemical anchor for the precorneal tear film. The inventors of the
invention believe that by having similar nano-textured surface, a contact lens may mimic the natural surface of cornea
and provide better wearing comfort.
[0043] However, creation of nano-textures on the surface of a contact lens is difficult to achieve through conventional
manufacturing processes such as molding or lathing and polishing. It is unexpectedly discovered here that a contact
lens with nano-textured surfaces can be produced according a method of the invention involving creating a prime coating
having nano-textures through controlled imbibition and/or depositions of a reactive polymeric coating material and fixing
the nano-textures by crosslinking a hydrophilic polymeric material onto the prime coating to form a crosslinked polymeric
coating that perserves the nano-textures of the prime coating and provides a nano-textured surface to the contact lens.
[0044] A contact lens with nano-textured surfaces produced according to a method of the invention may provide the
following advantages. First, the nano-textures of a contact lens of the invention can increase the surface area of the
contact lens, more closely mimicking that of the natural cornea, while having no or minimal adverse effects upon the
light transmissibility of the contact lens. It is believed that when the roughness of the nano-textured surfaces of the
contact lens is comparable to the roughness of human cornea, the adverse effects of the nano-textures upon the visible
light transmissibility of a contact lens would be minimal or negligible. Like the microplicae on the corneal epithelial cells,
the nano-textures may serve to increase the stability and thickness of the pre-lens tear film. Second, the nano-textured
surfaces may reduce frictional interaction between the lens and the corneal epithelial surface and may further enhance
the biocompatibility of the contact lens. Third, the crosslinked polymeric coating on the contact lens can be a non-silicone
hydrdgel with high water content when fully hydrated and may impart to the contact lens high biocompatibility, because
water is highly biocompatible with the tear and because high water content (e.g., > 75% H,0) in the crosslinked polymeric
coating is located in and nears the anterior and posterior surfaces with which the eye is in direct contact arid where the
biocompatibility counts most. It is believed that the outer layer with much higher water content and the nano-textures
may have synergy in providing a "water-loving" surface which can attract tears to be spread on the lens surface. Thus,
a contact lens of the invention may provide an improved wearing comfort.
[0045] In one aspect, the invention provides a method for making contact lenses, preferably silicone hydrogel contact
lenses, having nano-textured surfaces, comprising the steps of: (1) providing an organic-based coating solution including
an organic-based solvent and a polymeric coating material dissolved in the organic-based solvent, wherein the polymeric
coating material comprises multiple first reactive functional groups and multiple affinity groups or moieties; (2) contacting
a contact lens with the organic-based coating solution to swell the contact lens and form an intermediary coating of the
polymeric coating material on the contact lens, wherein the contactlens comprises, atand near the surface of the contact
lens, monomeric units and/or hydrophobic moieties and/or segments capable of interacting with the affinity groups or
moieties of the polymeric coating material so as to bind the polymeric coating material, wherein the average molecular
weight of the polymeric coating material is selected to be sufficient high to ensure that the polymeric coating material
partially penetrate into the contact lens swollen by the organic-based solvent; (3) contacting the swollen contact lens
having the intermediary coating thereon with an aqueous solution or preferably water to shrink the contact lens having
the intermediary coating thereon to form a prime coating having nano-textures on the contact lens; and (4) fixing the
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nano-textures in the prime coating by crosslinking a water-soluble and crosslinkable hydrophilic polymeric material with
multiple second functional reactive functional groups onto the prime coating through the first reactive functional groups
to form a crosslinked polymeric coating that perserves the nano-textures of the prime coating and provides a nano-
textured surface to the contact lens, wherein one first reactive functional reactive group can react with one second
reactive functional group in the presence or absence of a coupling agent to form one crosslinkage between the polymeric
coating material and the water-soluble and crosslinkable hydrophilic polymeric material.

[0046] An "organic-based solution" refers to a solution which is a homogeneous mixture consisting of an organic-
based solvent and one or more solutes dissolved in the organic based solvent. An organic-based coating solution refers
to an organic-based solution containing at least one polymeric coating material as a solute in the solution.

[0047] An "organic-based solvent" is intended to describe a solvent system which consists of one or more organic
solvents and optionally about 30% or less, preferably about 20% or less, more preferably about 15% or less, even more
preferably about 10% or less, in particular about 5% or less by weight of water relative to the weight of the solvent system.
[0048] In a preferred embodiment, an organic-based solvent used in preparing an organic-based coating solution can
swell a contact lens (to be coated) by at least about 50%, preferably at least about 75%, more preferably at least about
100%, even more preferably at least about 150%. As used in this application, the swell of a contact lens in an organic-
based solvent is the percentage increase in diameter of the contact lens relative to the contact lens in hydrated state
(fully hydrated in water) and can be calculated by the following equation

Y éwell lens diameterin an organic based solvent - lens diameterin water
0 =

: — x100 )
lens diameterin water ‘

[0049] Example of preferred organic solvents includes without limitation, tripropylene glycol methyl ether, dipropylene
glycol methyl ether, ethylene glycol n-butyl ether, ketones (e.g., acetone, methyl ethyl ketone, etc.), diethylene glycol n-
butyl ether, diethylene glycol methyl ether, ethylene glycol phenyl ether, propylene glycol methyl ether, propylene glycol
methyl ether acetate, dipropylene glycol methyl ether acetate, propylene glycol n-propyl ether, dipropylene glycol n-
propyl ether, tripropylene glycol n-butyl ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl ether, tripropylene
glycol n-butyl ether, propylene glycol phenyl ether dipropylene glycol dimetyl ether, polyethylene glycols, polypropylene
glycols, ethyl acetate, butyl acetate, amyl acetate, methyl lactate, ethyl lactate, i-propyl lactate, a C4-C4, alcohol (e.g.,
1-butanol, 2-butanol, 1-propanol, 2-propanol, methanol, ethanol, cyclohexanol, cyclopentanol, exonorborneol, 1-penta-
nol, 2-pentanol, 3-pentanol, 1-hexanol, 2-hexanol, 3-hexanol, 3-methyl-2-butanol, 1-heptanol, 2-heptanol, 1-octanol, 2-
octanol, 1-nonanol, 2-nonanol, 1-decanol, 2-decanol, 3-octanol, norborneol, tert-butanol, tert-amyl alcohol, 2-methyl-2-
pentanol, 2,3-dimethyl-2-butanol, 3-methyl-3-pentanol, 1-methylcyclohexanol, 2-methyl-2-hexanol, 3,7-dimethyl-3-oc-
tanol, 1-chloro-2-methyl-2-propanol, 2-methyl-2-heptanol, 2-methyl-2-octanol, 2-2-methyl-2-nonanol, 2-methyl-2-deca-
nol, 3-methyl-3-hexanol, 3-methyl-3-heptanol, 4-methyl-4-heptanol, 3-methyl-3-octanol, 4-methyl-4-octanol, 3-methyl-
3-nonanol, 4-methyl-4-nonanol, 3-methyl-3-octanol, 3-ethyl-3-hexanol, 3-methyl-3-heptanol, 4-ethyl-4-heptanol, 4-pro-
pyl-4-heptanol, 4-isopropyl-4-heptanol, 2,4-dimethyl-2-pentanol, 1-methylcyclopentanol, 1-ethylcyclopentanol, 1-ethyl-
cyclopentanol, 3-hydroxy-3-methyl-1-butene, 4-hydroxy-4-methyl-1-cyclopentanol, 2-phenyl-2-propanol, 2-methoxy-2-
methyl-2-propanol 2,3,4-trimethyl-3-pentanol, 3,7-dimethyl-3-octanol, 2-phenyl-2-butanol, 2-methyl-1-phenyl-2-propa-
nol and 3-ethyl-3-pentanol, 1-ethoxy-2-propanol, 1-methyl-2-propanol, t-amyl alcohol, isopropanol), 1-methyl-2-pyrro-
lidone, N,N-dimethylpropionamide, dimethyl formamide, dimethyl acetamde, dimethyl propionamide, N-methyl pyrrolid-
inone, 1,2-propylene glycol, polyethyleneglycol having a molecular weight of about 200 or less, tetrahydrofuran, meth-
ylene chloride, and a mixture thereof.

[0050] In accordance with the invention, a polymeric coating material must comprises (1) multiple reactive functional
groups that can participate in a coupling reaction with the reactive functional groups of a reactive hydrophilic polymeric
material in the presence or absence of a coupling agent to form a crosslinked polymeric coating; preferably selected
from the group consisting of carboxyl groups (i.e., -COOH), azetidinium group, amino groups (i.e., primary and/or sec-
ondary amino groups), azlactone groups, isocyanate groups, epoxy groups, aziridine groups, thiol groups, hydroxyl
groups, and combinations thereof, more preferably selected from the group consisting of carboxyl groups, azetidinium
groups, amino groups, azlactone groups, isocyanate groups, epoxy groups, aziridine groups, thiol groups, and combi-
nations thereof, even more preferably selected from the group consisting of carboxyl groups, azetidinium group, amino
groups, epoxy groups, thiol groups, and combinations thereof, most preferably selected from the group consisting of
carboxyl groups, azetidinium group, amino groups, epoxy groups, thiol groups, and combinations thereof; and (2) multiple
affinity groups or moieties that are either identical to or different from the reactive functional groups and maintains the
polymeric coating material’s affinity (i.e., binding) with one or more of monomeric units of a lens material to be coated
so as to form a durable prime coating on the contact lens, wherein the affinity groups are selected from the group
consisting of carboxyl groups, ammonium groups (i.e., acidified primary, secondary or tertiary amino groups), hydrophobic
moieties (e.g., C8-C20 alkyl groups), hydrophobic segments (e.g., tris(trialkylsilyloxy)silyl, di(trialkylsilyloxy)silyl, poly-
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dimethylsiloxane, polyproplene oxide, polybutylene oxide), and combinations thereof, preferably selected from the group
consisting of carboxyl groups, ammonium groups, and combination thereof. The durability of a prime coating on a contact
lens can be determined according to the procedures described in Example 1.

[0051] The affinity groups of a polymeric coating material can be: carboxyl groups if a contact lens to be coated contains
monomeric units of an amide-containing vinylic monomer (as described below) or an ammonium-containing vinylic
monomer (as described below) (i.e., acidified primary, secondary or tertiary amino groups); ammonium groups if a
contact lens to be coated contains monomeric units of a carboxyl-containing vinylic monomer (as described below);
hydrophobic moieties or segments if a contact lens to be coated contains silicone components. It is believed that the
carboxyl groups of a polymeric coating material can interact with amide-type vinylic monomeric units in the lens material
through either ionic/polar interaction or hydrogen bonding to maintain an affinity to the lens material; that the carboxyl
groups of a polymeric coating material can interact with ammonium-containing vinylic monomeric units in the lens material
through ionic/ionic interactions and hydrogen bonding to maintain an affinity to the lens material; that the ammonium
groups of a polymeric coating material can interact with carboxyl-containing vinylic monomeric units in the lens material
through either ionic/polar interaction or hydrogen bonding to maintain an affinity to the lens material; and that the hydro-
phobic moieties or segments of a polymeric coating material can interact with silicone components in the lens material
through hydrophobic-hydrophobic interactions to maintain an affinity to the lens material.

[0052] Amide-containing vinylic monomers have been widely used in making contact lenses. Preferred examples of
amide-type vinylic monomers includes without limitation N,N-dimethylacrylamide (DMA), N,N-dimethylmethacrylamide
(DMMA), 2-acrylamidoglycolic acid, 3-acryloylamino-1-propanol, N-hydroxyethyl acrylamide, N-[tris(hydroxymethyl)me-
thyl]-acrylamide, N-methyl-3-methylene-2-pyrrolidone, 1-ethyl-3-methylene-2-pyrrolidone, 1-methyl-5-methylene-2-pyr-
rolidone, 1-ethyl-5-methylene-2-pyrrolidone, 5-methyl-3-methylene-2-pyrrolidone, 5-ethyl-3-methylene-2-pyrrolidone, 1-
n-propyl-3-methylene-2-pyrrolidone, 1-n-propyl-5-methylene-2-pyrrolidone, 1-isopropyl-3-methylene-2-pyrrolidone, 1-
isopropyl-5-methylene-2-pyrrolidone, 1-n-butyl-3-methylene-2-pyrrolidone, 1-tert-butyl-3-methylene-2-pyrrolidone, N-vi-
nyl-2-pyrrolidone (NVP), N-vinyl formamide, N-vinyl acetamide, N-vinyl isopropylamide, N-vinyl-N-methyl| acetamide,
and mixtures thereof.

[0053] An"ammonium group" refers to an acidified primary, secondary or tertiary amino group. Examples of ammonium-
containing vinylic monomers include without limitation allylamine, vinylamine, trimethylammonium 2-hydroxy propyl-
methacrylate, amino-C,-C, alkyl (meth)acrylate, C4-C, alkylamino-C,-C, alkyl (meth)acrylate, vinylamine, amino-C,-C4
alkyl (meth)acrylamide, C4-C, alkylamino-C,-C, alkyl (meth)acrylamide, di(C4-C, alkyl)amino-C,-C, alkyl (meth)acr-
ylate, tri(C4-C, alkyl)amino-C,-C, alkyl (meth)acrylate, and mixtures thereof.

[0054] Examples of carboxyl-containing vinylic monomers include without limitation acrylic acid, a C4-C, alkylacrylic
acid (e.g., methacrylic acid, ethylacrylic acid, propylacrylic acid, butylacrylic acid), N,N-2-acrylamidoglycolic acid, beta
methyl-acrylic acid (crotonic acid), alpha-phenyl acrylic acid, beta-acryloxy propionic acid, sorbic acid, angelic acid,
cinnamic acid, 1-carobxy-4-phenyl butadiene-1,3, itaconic acid, citraconic acid, mesaconic acid, glutaconic acid, aconitic
acid, maleic acid, fumaric acid, and combination thereof.

[0055] Any polymer or copolymer having above-described reactive functional and affinity groups can be used in the
invention so long as it can be dissolved in an organic-based solvent at room temperature in an amount of from about
0.001% to about 1.5%, preferably from about 0.002% to about 1%, more preferably from 0.003% to about 0.5% by
weight relative to the total weight of the organic-based coating solution. An organic-based coating solution can be
prepared by dissolving a given amount of a polymeric coating material in an organic-based solvent (any one described
above) to have a concentration described above. It is believed that an organic-based solvent can swell a contact lens
so that a portion of the polymeric coating material may penetrate into the contact lens and increase the durability of the
prime coating. It is also believed that the physical entanglement of the polymeric coating material with a lens material
near lens surface may ensure subsequent differential shrinkage between the lens material and the polymeric coating
material so as to generate nano-textures in the coating (new lens surface) during the step of contacting with water or a
water-based solvent.

[0056] Examples of preferred polymeric coating materials includes without limitation: (1) homopolymers of an ammo-
nium-containing vinylic monomer (any one of those described above) or a caboxyl-containing vinylic monomer (any one
of those described above); (2) copolymer of one or more ammonium-containing and/or carboxyl-containing vinylic mon-
omers (those described above); (3) copolymer of one or more ammonium-containing and/or carboxyl-containing vinylic
monomers (those described above) with a non-reactive vinylic monomer selected from the group consisting of (meth)acr-
ylamide, N,N-dimethyl (meth)acrylamide, N-vinylpyrrolidone (NVP), N,N-dimethylaminoethyl (meth)acrylate, N,N-
dimethylaminopropyl (meth)acrylamide, glycerol methacrylate, 3-acryloylamino-1-propanol, N-hydroxyethyl acrylamide,
N-[tris(hydroxymethyl)methyl]-acrylamide, N-methyl-3-methylene-2-pyrrolidone, 1-ethyl-3-methylene-2-pyrrolidone, 1-
methyl-5-methylene-2-pyrrolidone, 1-ethyl-5-methylene-2-pyrrolidone, 5-methyl-3-methylene-2-pyrrolidone, 5-ethyl-3-
methylene-2-pyrrolidone, 2-hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, C4-C4-alkoxy polyethylene gly-
col (meth)acrylate having aweight average molecular weight of up to 1500 Daltons, N-vinyl formamide, N-vinyl acetamide,
N-vinyl isopropylamide, N-vinyl-N-methyl acetamide, allyl alcohol, vinyl alcohol (hydrolyzed form of vinyl acetate in the
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copolymer), a phosphorylcholine-containing vinylic monomer (including (meth)acryloyloxyethyl phosphorylcholine and
those described in US patent No. 5,461,433, herein incorporated by reference in its entirety), and combinations thereof
and optionally with one or more reactive vinylic monomer having a reactive functional group selected from the group
consisting of azetidinium group, azlactone groups, isocyanate groups, epoxy groups, aziridine groups, and combinations
thereof; (4) polyethyleneimine (PEI); (5) polyvinylalcohol with pendant primary and/or secondary amino groups; (6) block
copolymers including at least one hydrophobic segments (preferably selected from the group consisting of polydimeth-
ylsiloxane, poly(proplene oxide), poly(butylene oxide), a polymer chain or segment consisting essentially of one or more
silicone-containing vinylic monomers (preferably those described below), Cg-C4g alkyl (meth)acrylate, and/or Cg-Cg
alkyl (meth)acrylamide, and combinations thereof) and polymeric segments having reactive functional groups selected
from the group consisting of azetidinium group, azlactone groups, isocyanate groups, epoxy groups, aziridine groups,
thiol groups, and combinations thereof; (7) combination thereof.

[0057] Examples of preferred silicone-containing vinylic monomers include without limitation N-[tris(trimethylsiloxy)si-
lylpropyl]-(meth)acrylamide, N-[tris(dimethylpropylsiloxy)-silylpropyl]-(meth)acrylamide, N-[tris(dimethylphenylsiloxy)si-
lylpropyl] (meth)acrylamide, N-[tris(dimethylethylsiloxy)silylpropyl] (meth)acrylamide, N-(2-hydroxy-3-(3-(bis(trimethyls-
ilyloxy)methylsilyl)propyloxy)propyl)-2- methyl acrylamide; N-(2-hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)propy-
loxy)propyl) acrylamide; N,N-bis[2-hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl]-2-methyl acryla-
mide; N,N-bis[2-hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl] acrylamide; N-(2-hydroxy-3-(3-(tris(tri-
methylsilyloxy)silyl)propyloxy)propyl)-2-methyl acrylamide; N-(2-hydroxy-3-(3-(tris(trimethylsilyloxy)silyl)propyloxy)pro-
pyl)acrylamide; N,N-bis[2-hydroxy-3-(3-(tris(trimethylsilyloxy)silyl)propyloxy)propyl]-2-methyl acrylamide; N,N-bis[2-hy-
droxy-3-(3-(tris(trimethylsilyloxy)silyl)propyloxy)propyllacrylamide; N-[2-hydroxy-3-(3-(t-butyldimethylsilyl)propy-
loxy)propyl]-2-methyl acrylamide; N-[2-hydroxy-3-(3-(t-butyldimethylsilyl)propyloxy)propyllacrylamide; N,N-bis[2-
hydroxy-3-(3-(t-butyldimethylsilyl)propyloxy)propyl]-2-methyl acrylamide; N,N-bis[2-hydroxy-3-(3-(t-butyldimethylsi-
lyl)propyloxy)propyllacrylamide; 3-methacryloxy propylpentamethyldisiloxane, tris(trimethylsilyloxy)silylpropyl methacr-
ylate (TRIS), (3-methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane), (3-methacryloxy-2-hydroxy-
propyloxy)propyltris(trimethylsiloxy)silane, 3-methacryloxy-2-(2-hydroxyethoxy)-propyloxy)propylbis(trimethylsi-
loxy)methylsilane, N-2-methacryloxyethyl-O-(methyl-bis-trimethylsiloxy-3-propyl)silyl carbamate, 3-(trimethylsilyl)pro-
pylvinyl carbonate, 3-(vinyloxycarbonylthio)propyl-tris(trimethyl-siloxy)silane, 3-[tris(trimethylsiloxy)silyl]propylvinyl car-
bamate, 3-[tris(trimethylsiloxy)silyl] propyl allyl carbamate, 3-[tris(trimethylsiloxy)silyl]propyl vinyl carbonate, t-butyldime-
thyl-siloxyethyl vinyl carbonate; trimethylsilylethyl vinyl carbonate, and trimethylsilylmethyl vinyl carbonate). Most pre-
ferred siloxane-containing (meth)acrylamide monomers of formula (1) are N-[tris(trimethylsiloxy)silylpropyllacrylamide,
TRIS, N-[2-hydroxy-3-(3-(t-butyldimethylsilyl)propyloxy)propyllacrylamide.

[0058] Itis understood that a polymeric coating material can comprise monomeric units of one or more reactive vinylic
monomers so as to have multiple reactive functional groups. Exemplary reactive vinylics includes azetidinium-containing
vinylic monomers, azlactone-containing vinylic monomers, isocyanate-containing vinylic monomers, epoxy-containing
vinylic monomers, and aziridinyl-containing vinylic monomers. Examples of aziridinyl-containing vinylic monomersinclude
without limitation 2-(1-aziridinyl) ethyl (meth)acrylate, 3-(1-aziridinyl) propyl (meth)acrylate, 4-(1-aziridinyl) butyl
(meth)acrylate, 6-(1-aziridinyl) hexyl (meth)acrylate, and 8-(1-aziridinyl) octyl (meth)acrylate). Examples of epoxy-con-
taining vinylic monomers include without limitation glycidyl (meth)acrylate, vinyl glycidyl ether, allyl glycidyl ether. Ex-
amples of isocyanate-containing vinylic monomers include without limitation 2-isocyanatoethyl (meth)acrylate, 3-isocy-
anatopropyl (meth)acrylate, 4-isocyanatobutyl (meth)acrylate, 6-isocyanatohexyl (meth)acrylate, 1-methyl-2-isocyana-
toethyl methacrylate, and 1,1-dimethyl-2-isocyanatoethyl methacrylate. Examples of azlactone-containing vinylic mon-
omers include without limitation 2-vinyl-4 ,4-dimethyl-1,3-oxazolin-5-one, 2-isopropenyl-4,4-dimethyl-1,3-oxazolin-5-one,
2-vinyl-4-methyl-4-ethyl-1,3-oxazolin-5-one, 2-isopropenyl-4-methyl-4-butyl-1,3-oxazolin-5-one, 2-vinyl-4,4-dibutyl-1,3-
oxazolin-5-one, 2-isopropenyl-4-methyl-4-dodecyl-1,3-oxazolin-5-one, 2-isopropenyl-4,4-diphenyl-1,3-oxazolin-5-one,
2-isopropenyl-4,4-pentamethylene-1,3-oxazolin-5-one, 2-isopropenyl-4,4-tetramethylene-1,3-oxazolin-5-one, 2-vinyl-
4 4-diethyl-1,3-oxazolin-5-one, 2-vinyl-4-methyl-4-nonyl-1,3-oxazolin-5-one, 2-isopropenyl-4-methyl-4-phenyl-1,3-oxa-
zolin-5-one, 2-isopropenyl-4-methyl-4-benzyl-1,3-oxazolin-5-one, 2-vinyl-4,4-pentamethylene-1,3-oxazolin-5-one, and
2-vinyl-4,4-dimethyl-1,3-oxazolin-6-one, with 2-vinyl-4,4-dimethyl-1,3-oxazolin-5-one (VDMO) and 2-isopropenyl-4,4-
dimethyl-1,3-oxazolin-5-one (IPDMO) as preferred azlactone-containing vinylic monomers. Azetidinium-containing vi-
nylic monomers can be obtained by reacting epichlorohydrin with a vinylic monomer containing primary or secondary
amino groups (any those described above) according to procedures similar to what described in EP1465931 (herein
incorporated by reference in its entirety).

[0059] Preferably, a polymeric coating material is a polymer or copolymer comprising at least about 70% by mole,
preferably at least about 80% by mole, more preferably at least about 90% by mole, even more preferably at least about
95% by mole of monomeric units of one or more carboxyl-containing vinylic monomers, wherein the one or more carboxyl-
containing vinylic monomers are selected from the group consisting of acrylic acid, a C4-C,4 alkylacrylic acid (e.g.,
methacrylic acid, ethylacrylic acid, propylacrylic acid, butylacrylic acid), N,N-2-acrylamidoglycolic acid, beta methyl-
acrylic acid (crotonic acid), alpha-phenyl acrylic acid, beta-acryloxy propionic acid, sorbic acid, angelic acid, cinnamic
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acid, 1-carobxy-4-phenyl butadiene-1,3, itaconic acid, citraconic acid, mesaconic acid, glutaconic acid, aconitic acid,
maleic acid, fumaric acid, and combination thereof. Examples of preferred carboxyl-containing polymeric coating mate-
rials include without limitation linear or branched polyacrylic acid; linear or branched polymethacrylic acid; linear or
branched poly(acrylic acid-co-acrylamide) having at least about 70% by mole, preferably at least about 80% by mole,
more preferably at least about 90% by mole, even more preferably at least about 95% by mole of acrylic acid; linear or
branched poly(methacrylic acid-co-acrylamide) having at least about 70% by mole, preferably at least about 80% by
mole, more preferably at least about 90% by mole, even more preferably at least about 95% by mole of methacrylic
acid; linear or branched poly(acrylic acid-co-vinylpyrrolidone) having at least about 70% by mole, preferably at least
about 80% by mole, more preferably at least about 90% by mole, even more preferably at least about 95% by mole of
acrylic acid; linear or branched poly(methacrylic acid-co-vinylpyrrolidone) having at least about 70% by mole, preferably
at least about 80% by mole, more preferably at least about 90% by mole, even more preferably at least about 95% by
mole of methacrylic acid.

[0060] In accordance with the invention, the weight average molecular weight M,, of a polymeric coating material is
preferably at least about 25,000 Daltons, more preferably at least about 50,000 Daltons, even more preferably at least
about 75,000 Daltons, most preferably from about 100,000 to 1,000,000 Daltons.

[0061] A contact lens can be any commercial contact lenses or any ones made according to any methods well known
to a person skilled in the art. For example, contact lenses can be produced in a conventional "spin-casting mold," as
described for example in U.S. Patent No. 3,408,429, or by the full cast-molding process in a static form, as described
in U.S. Patent Nos. 4,347,198; 5,508,317, 5,583,463, 5,789,464; and 5,849,810, or by lathe cutting of silicone hydrogel
buttons as used in making customized contact lenses. In cast-molding, a lens formulation typically is dispensed into
molds and cured (i.e., polymerized and/or crosslinked) in molds for making contact lenses.

[0062] For production of SiHy contact lenses, a SiHy lens formulation for cast-molding or spin-cast molding or for
making SiHy rods used in lathe-cutting of contact lenses generally comprises at least one components selected from
the group consisting of a silicone-containing vinylic monomer, a silicone-containing vinylic macromer, a silicone-con-
taining prepolymer, a hydrophilic vinylic monomer, a hydrophobic vinylic monomer, a crosslinking agent, a free-radical
initiator (photoinitiator or thermal initiator), a hydrophilic vinylic macromer/prepolymer, and combination thereof, as well
known to a person skilled in the art. A SiHy contact lens formulation can also comprise other necessary components
known to a person skilled in the art, such as, for example, a UV-absorbing agent, a visibility tinting agent (e.g., dyes,
pigments, or mixtures thereof), antimicrobial agents (e.g., preferably silver nanoparticles), a bioactive agent, leachable
lubricants, leachable tear-stabilizing agents, and mixtures thereof, as known to a person skilled in the art. Resultant
SiHy contact lenses then can be subjected to extraction with an extraction solvent to remove unpolymerized components
from the resultant lenses and to hydration process, as known by a person skilled in the art.

[0063] Any suitable silicone-containing vinylic monomers or macromers can be used in the invention. In addition to
silicone-containing vinylic monomers described above, polysiloxane-containing vinylic monomers or macromers and
silicone-containing prepolymers can also be used in the invention. Examples of preferred polysiloxane-containing vinylic
monomers or macromers are monomethacrylated or monoacrylated polydimethylsiloxanes of various molecular weight
(e.g., mono-3-methacryloxypropyl terminated, mono-butyl terminated polydimethylsiloxane or mono-(3-methacryloxy-
2-hydroxypropyloxy)propyl terminated, mono-butyl terminated polydimethylsiloxane); dimethacrylated or diacrylated
polydimethylsiloxanes of various molecular weight; vinyl carbonate-terminated polydimethylsiloxanes; vinyl carbamate-
terminated polydimethylsiloxane; vinyl terminated polydimethylsiloxanes of various molecular weight; methacrylamide-
terminated polydimethylsiloxanes; acrylamide-terminated polydimethylsiloxanes; acrylate-terminated polydimethylsi-
loxanes; methacrylate-terminated polydimethylsiloxanes; bis-3-methacryloxy-2-hydroxypropyloxypropyl polydimethylsi-
loxane; N,N,N’,N’-tetrakis(3-methacryloxy-2-hydroxypropyl)-alpha,omega-bis-3-aminopropyl-polydimethylsiloxane;
polysiloxanylalkyl (meth)acrylic monomers; siloxane-containing macromer selected from the group consisting of Mac-
romer A, Macromer B, Macromer C, and Macromer D described in US 5,760,100 (herein incorporated by reference in
its entirety); the reaction products of glycidyl methacrylate with amino-functional polydimethylsiloxanes; hydroxyl-func-
tionalized siloxane-containing vinylic monomers or macromers; polysiloxane-containing macromers disclosed in U.S.
Patent Nos. 4,136,250, 4,153,641, 4,182,822, 4,189,546, 4,343,927, 4,254,248, 4,355,147, 4,276,402, 4,327,203,
4,341,889, 4,486,577, 4,543,398, 4,605,712, 4,661,575, 4,684,538, 4,703,097, 4,833,218, 4,837,289, 4,954,586,
4,954,587, 5,010,141, 5,034,461, 5,070,170, 5,079,319, 5039,761, 5,346,946, 5,358,995, 5,387,632, 5416,132,
5,451,617, 5,486,579, 5,962,548, 5,981,675, 6,039,913, and 6,762,264 (here incorporated by reference in their entire-
ties); polysiloxane-containing macromers disclosed in U.S. Patent Nos. 4,259,467, 4,260,725, and 4,261,875 (herein
incorporated by reference in their entireties). Di- and tri-block macromers consisting of polydimethylsiloxane and poly-
alkyleneoxides could also be of utility. For example one might use methacrylate end capped polyethyleneoxide-block-
polydimethylsiloxane-block-polyethyleneoxide to enhance oxygen permeability. Suitable monofunctional hydroxyl-func-
tionalized siloxane-containing vinylic monomers/macromers and suitable multifunctional hydroxyl-functionalized si-
loxane-containing vinylic monomers/macromers are commercially available from Gelest, Inc, Morrisville, PA.

[0064] Examples of preferred silicon-containing prepolymers include those described in commonly-owned US Patent
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Nos. 6,039,913, 7,091,283, 7,268,189 and 7,238,750, 7,521,519; commonly-owned US patent application publication
Nos. US 2008-0015315 A1, US 2008-0143958 A1, US 2008-0143003 A1, US 2008-0234457 A1, US 2008-0231798 A1,
and commonly-owned US patent application Nos. 61/180,449 and 61/180,453; all of which are incorporated herein by
references in their entireties.

[0065] Examples of preferred hydrophilic vinylic monomers are N,N-dimethylacrylamide (DMA), N,N-dimethylmeth-
acrylamide (DMMA), 2-acrylamidoglycolic acid, 3-acryloylamino-1-propanol, N-hydroxyethyl acrylamide, N-[tris(hy-
droxymethyl)methyl]-acrylamide, N-methyl-3-methylene-2-pyrrolidone, 1-ethyl-3-methylene-2-pyrrolidone, 1-methyl-5-
methylene-2-pyrrolidone, 1-ethyl-5-methylene-2-pyrrolidone, 5-methyl-3-methylene-2-pyrrolidone, 5-ethyl-3-methyl-
ene-2-pyrrolidone, 1-n-propyl-3-methylene-2-pyrrolidone, 1-n-propyl-5-methylene-2-pyrrolidone, 1-isopropyl-3-methyl-
ene-2-pyrrolidone, 1-isopropyl-5-methylene-2-pyrrolidone, 1-n-butyl-3-methylene-2-pyrrolidone, 1-tert-butyl-3-methyl-
ene-2-pyrrolidone, 2-hydroxyethylmethacrylate (HEMA), 2-hydroxyethyl acrylate (HEA), hydroxypropyl acrylate, hydrox-
ypropyl methacrylate (HPMA), trimethylammonium 2-hydroxy propylmethacrylate hydrochloride, aminopropyl methacr-
ylate hydrochloride, dimethylaminoethyl methacrylate (DMAEMA), glycerol methacrylate (GMA), N-vinyl-2-pyrrolidone
(NVP), allyl alcohol, vinylpyridine, a C4-C4-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular
weight of up to 1500, methacrylic acid, N-vinyl formamide, N-vinyl acetamide, N-vinyl isopropylamide, N-vinyl-N-methyI
acetamide, allyl alcohol, N-vinyl caprolactam, and mixtures thereof.

[0066] Examples of preferred hydrophobic vinylic monomers include methylacrylate, ethylacrylate, propylacrylate,
isopropylacrylate, cyclohexylacrylate, 2-ethylhexylacrylate, methylmethacrylate, ethylmethacrylate, propylmethacrylate,
vinyl acetate, vinyl propionate, vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride, vinylidene chloride,
acrylonitrile, 1-butene, butadiene, methacrylonitrile, vinyl toluene, vinyl ethyl ether, perfluorohexylethyl-thio-carbonyl-
aminoethyl-methacrylate, isobornyl methacrylate, trifluoroethyl methacrylate, hexafluoro-isopropyl methacrylate, hex-
afluorobutyl methacrylate.

[0067] Examples of preferred cross-linking agents include without limitation tetraethyleneglycol diacrylate, triethyl-
eneglycol diacrylate, ethyleneglycol diacylate, diethyleneglycol diacrylate, tetraethyleneglycol dimethacrylate, triethyl-
eneglycol dimethacrylate, ethyleneglycol dimethacylate, diethyleneglycol dimethacrylate, trimethylopropane trimethacr-
ylate, pentaerythritol tetramethacrylate, bisphenol A dimethacrylate, vinyl methacrylate, ethylenediamine dimethyacry-
lamide, ethylenediamine diacrylamide, glycerol dimethacrylate, triallyl isocyanurate, triallyl cyanurate, allylmethacrylate,
allylmethacrylate, 1,3-bis(methacrylamidopropyl)-1,1,3,3-tetrakis(trimethylsiloxy)disiloxane, N,N’-methylenebisacryla-
mide, N,N’-methylenebismethacrylamide, N,N’-ethylenebisacrylamide,N,N’-ethylenebismethacrylamide,1,3-bis(N-
methacrylamidopropyl)-1,1,3,3-tetrakis-(trimethylsiloxy)disiloxane, 1,3-bis(methacrylamidobutyl)-1,1,3, 3-tetrakis(tri-
methylsiloxy)-disiloxane, 1,3-bis(acrylamidopropyl)-1,1,3,3-tetrakis(trimethylsiloxy)disiloxane, 1,3-bis(methacry-
loxyethylureidopropyl)-1,1,3,3-tetrakis(trimethylsiloxy)disiloxane, and combinations thereof. A preferred cross-linking
agent is tetra(ethyleneglycol) diacrylate, tri(ethyleneglycol) diacrylate, ethyleneglycol diacrylate, di(ethyleneglycol) dia-
crylate, methylenebisacrylamide, triallyl isocyanurate, or triallyl cyanurate. The amount of a cross-linking agent used is
expressed in the weight content with respect to the total polymer and is preferably in the range from about 0.05% to
about 4%, and more preferably in the range from about 0.1 % to about 2%.

[0068] Examples of suitable thermal initiators include, but are not limited to, 2,2’-azobis (2,4-dimethylpentanenitrile),
2,2’-azobis (2-methylpropanenitrile), 2,2’-azobis (2-methylbutanenitrile), peroxides such as benzoyl peroxide, and the
like. Preferably, the thermal initiator is 2,2’-azobis(isobutyronitrile) (AIBN).

[0069] Suitable photoinitiators are benzoin methyl ether, diethoxyacetophenone, a benzoylphosphine oxide, 1-hydrox-
ycyclohexyl phenyl ketone and Darocur and Irgacur types, preferably Darocur 1173® and Darocur 2959®. Examples of
benzoylphosphine initiators include 2,4 ,6-trimethylbenzoyldiphenylophosphine oxide; bis-(2,6-dichlorobenzoyl)-4-N-pro-
pylphenylphosphine oxide; and bis-(2,6-dichlorobenzoyl)-4-N-butylphenylphosphine oxide. Reactive photoinitiators
which can be incorporated, for example, into a macromer or can be used as a special monomer are also suitable.
Examples of reactive photoinitiators are those disclosed in EP 632 329, herein incorporated by reference in its entirety.
The polymerization can then be triggered off by actinic radiation, for example light, in particular UV light of a suitable
wavelength. The spectral requirements can be controlled accordingly, if appropriate, by addition of suitable photosen-
sitizers.

[0070] Any suitable polymerizable UV-absorbing agents can be used in the invention. Preferably, a polymerizable UV-
absorbing agent comprises a benzotriazole-moiety or a benzophenone-moiety. Examples of preferred polymerizable
UV absorbers include without limitation 2-(2-hydroxy-5-vinylphenyl)-2H-benzotriazole, 2-(2-hydroxy-5-acrylyloxyphe-
nyl)-2H-benzotriazole, 2-(2-hydroxy-3-methacrylamido methyl-5-tert octylphenyl)benzotriazole, 2-(2’-hydroxy-5-meth-
acrylamidophenyl)-5-chlorobenzotriazole, 2-(2’-hydroxy-5-methacrylamidophenyl)-5-methoxybenzotriazole, 2-(2’-hy-
droxy-5’-methacryloxypropyl-3’-t-butyl-phenyl)-5-chlorobenzotriazole, 2-(2’-hydroxy-5-methacryloxyethylphenyl)ben-
zotriazole, 2-(2’-hydroxy-5’-methacryloxypropylphenyl)benzotriazole, 2-hydroxy-4-acryloxy alkoxy benzophenone, 2-hy-
droxy-4-methacryloxy alkoxy benzophenone, allyl-2-hydroxybenzophenone, 2-hydroxy-4-methacryloxy benzophenone.
[0071] The bioactive agent is any compound that can prevent a malady in the eye or reduce the symptoms of an eye
malady. The bioactive agent can be a drug, an amino acid (e.g., taurine, glycine, etc.), a polypeptide, a protein, a nucleic
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acid, or any combination thereof. Examples of drugs useful herein include, but are not limited to, rebamipide, ketotifen,
olaptidine, cromoglycolate, cyclosporine, nedocromil, levocabastine, lodoxamide, ketotifen, or the pharmaceutically ac-
ceptable salt or ester thereof. Other examples of bioactive agents include 2-pyrrolidone-5-carboxylic acid (PCA), alpha
hydroxyl acids (e.g., glycolic, lactic, malic, tartaric, mandelic and citric acids and salts thereof, etc.), linoleic and gamma
linoleic acids, and vitamins (e.g., B5, A, B6, etc.).

[0072] Examples of leachable lubricants include without limitation mucin-like materials (e.g., polyglycolic acid) and
non-crosllinkable hydrophilic polymers (i.e., without ethylenically unsaturated groups). Any hydrophilic polymers or co-
polymers without any ethylenically unsaturated groups can be used as leachable lubricants. Preferred examples of non-
crosslinkable hydrophilic polymers include, but are not limited to, polyvinyl alcohols (PVAs), polyamides, polyimides,
polylactone, a homopolymer of a vinyl lactam, a copolymer of at least one vinyl lactam in the presence or in the absence
of one or more hydrophilic vinylic comonomers, a homopolymer of acrylamide or methacrylamide, a copolymer of acr-
ylamide or methacrylamide with one or more hydrophilic vinylic monomers, polyethylene oxide (i.e., polyethylene glycol
(PEG)), a polyoxyethylene derivative, poly-N-N-dimethylacrylamide, polyacrylic acid, poly 2 ethyl oxazoline, heparin
polysaccharides, polysaccharides, and mixtures thereof. The weight-average molecular weight M, of the non-crosslink-
able hydrophilic polymer is preferably from 5,000 to 500,000, more preferably from 10,000 to 300,000, even more
preferably from 20,000 to 100,000.

[0073] Examples of leachable tear-stabilizing agents include, without limitation, phospholipids, monoglycerides, dig-
lycerides, triglycerides, glycolipids, glyceroglycolipids, sphingolipids, sphingo-glycolipids, fatty alcohols, fatty acids, min-
eral oils, and mixtures thereof. Preferably, a tear stabilizing agent is a phospholipid, a monoglyceride, a diglyceride, a
triglyceride, a glycolipid, a glyceroglycolipid, a sphingolipid, a sphingo-glycolipid, a fatty acid having 8 to 36 carbon atoms,
a fatty alcohol having 8 to 36 carbon atoms, or a mixture thereof.

[0074] In accordance with the invention, a lens formulation can be a solution or a melt at a temperature from about
20°C to about 85°C. Preferably, a polymerizable composition is a solution of all desirable components in a suitable
solvent, or a mixture of suitable solvents.

[0075] A lensformulation can be prepared by dissolving all of the desirable components in any suitable solvent known
to a person skilled in the art. All of the exemplary solvents described above can be used in preparing a lens formulation.
[0076] Numerous SiHy lens formulations have been described in numerous patents and patent applications published
by the filing date of this application. All of them can be used in obtaining a SiHy lens which in turn becomes the inner
layer of a SiHy contact lens of the invention., so long as they will yield a SiHy material having a Dk and water content
specified above. A SiHy lens formulation for making commercial SiHy lenses, such as, lotrafilcon A, lotrafilcon B, balafilcon
A, galyfilcon A, senofilcon A, narafilcon A, narafilcon B, comfilcon A, enfilcon A, can also be used in making SiHy contact
lenses.

[0077] Lens molds for making contact lenses are well known to a person skilled in the art and, for example, are
employed in cast molding or spin casting. For example, a mold (for cast molding) generally comprises at least two mold
sections (or portions) or mold halves, i.e. first and second mold halves. The first mold half defines a first molding (or
optical) surface and the second mold half defines a second molding (or optical) surface. The first and second mold
halves are configured to receive each other such that a lens forming cavity is formed between the first molding surface
and the second molding surface. The molding surface of a mold half is the cavity-forming surface of the mold and in
direct contact with lens-forming material.

[0078] Methods of manufacturing mold sections for cast-molding a contact lens are generally well known to those of
ordinary skill in the art. The process of the present invention is not limited to any particular method of forming a mold.
In fact, any method of forming a mold can be used in the present invention. The first and second mold halves can be
formed through various techniques, such as injection molding or lathing. Examples of suitable processes for forming the
mold halves are disclosed in U.S. Patent Nos. 4,444,711 to Schad; 4,460,534 to Boehm et al.; 5,843,346 to Morrill; and
5,894,002 to Boneberger et al., which are also incorporated herein by reference.

[0079] Virtually all materials known in the art for making molds can be used to make molds for making contact lenses.
For example, polymeric materials, such as polyethylene, polypropylene, polystyrene, PMMA, Topas® COC grade 8007-
S10 (clear amorphous copolymer of ethylene and norbornene, from Ticona GmbH of Frankfurt, Germany and Summit,
New Jersey), or the like can be used. Other materials that allow UV light transmission could be used, such as quartz
glass and sapphire.

[0080] In a preferred embodiment, reusable molds are used and the silicone-hydrogel lens-forming composition is
cured actinically under a spatial limitation of actinic radiation to form a SiHy contact lens. Examples of preferred reusable
molds are those disclosed in U.S. patent application Nos. 08/274,942 filed July 14, 1994, 10/732,566 filed December
10, 2003, 10/721,913 filed November 25, 2003, and U.S. Patent No. 6,627,124, which are incorporated by reference in
their entireties. Reusable molds can be made of quartz, glass, sapphire, CaF,, a cyclic olefin copolymer (such as for
example, Topas® COC grade 8007-S10 (clear amorphous copolymer of ethylene and norbornene) from Ticona GmbH
of Frankfurt, Germany and Summit, New Jersey, Zeonex® and Zeonor® from Zeon Chemicals LP, Louisville, KY),
polymethylmethacrylate (PMMA), polyoxymethylene from DuPont (Delrin), Ultem® (polyetherimide) from G.E. Plastics,
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PrimoSpire®, etc..

[0081] Contacting of a contact lens with an organic-based solution of a polymeric coating material can occur by dipping
the contact lens in a bath of a coating solution for a period of time or alternatively dipping the contact lens sequentially
in a series of bath of coating solutions for a fixed shorter time period for each bath. The contacting time of a contact lens
with a coating solution of a reactive polymer may last up to about 10 minutes, preferably from about 5 to about 360
seconds, more preferably from about 5 to about 250 seconds, even more preferably from about 5 to about 200 seconds.
[0082] An "aqueous solution" is intended to describe an homogeneous solution in which water is the solvent and at
least one solute, which is selected from the group consisting of at least one organic solvent, at least one salt, at least
one buffering agent, at least one lubricant (e.g., a hydrophilic polymer), at least one surfactant, and combination thereof,
is dissolved in water. It should be understood that in order to form a prime coating having nano-textures (i.e., winkled
surface patterns in the prime coating) of the contact lens, the aqueous solution used in shrinking the contact lens having
the coating thereon cannot swell the contact lens by more than about 20%, preferably more than about 15%, more
preferably more than about 10%, even more preferably more than about 5%; and that the amount of the at least one
solute is about 30% or less, preferably about 20% or less, more preferably about 15% or less, even more preferably
about 10% or less, in particular about 5% or less by weight relative to the weight of the aqueous solution. It should be
understood that the above values of swelling are calculated based on Eq. (I) described above.

[0083] Contacting of the swollen contactlens having the intermediary coating thereon with water or an aqueous solution
can occur by dipping the contact lens in a bath of water or an aqueous solution for a period of time or alternatively dipping
the contact lens sequentially in a series of bath of water or aqueous solutions for a fixed shorter time period for each
bath. The contacting time of the swollen contact lens having the intermediary coating with water or an aqueous solution
may last up to about 10 minutes, preferably from about 5 to about 360 seconds, more preferably from about 5 to about
250 seconds, even more preferably from about 5 to about 100 seconds. Winkled surface patterns (i.e., nano-textures)
in the prime coating can be created during the fast shrinking of the swollen contact lens having the intermediary coating
thereon. However, it is found that the resultant winkled surface patterns in the prime coating is not permanent and can
gradually disappear under certain conditions, for example, if contact lenses with prime coatings having winkled surface
patterns are hydrated with water overnight, or if the contact lenses are soaked in an organic based solvent for up to
about 1 minute and followed by hydrating in water.

[0084] The degree of nano-structures on the lens surface can be controlled in order to optimize the size and degree
of the nano-structures so that they do not cause unacceptable light scattering. Methods of controlling the degree of
nano-structures on the surface include but are not limited to the following. For examples, one can adjust the degree of
lens swelling by appropriate selection of the organic solvent (or organic/water mixture) containing the primer coating
polymer, adjusttherate atwhich the lens shrinks back to its equilibrium size in water by using an intermediate water/organic
bath to slow the shrinkage rate, adjust the lens exposure times in the coating and rinsing baths, adjust the time between
the application of the primer coating and the surface crosslinking step, and combinations thereof.

[0085] The nano-texturesin the prime coating are fixed (i.e., rendering the winkle surface pattern relatively permanent)
by crosslinking the polymeric coating material with a water-soluble and crosslinkable hydrophilic polymeric material
having multiple second reactive functional groups, to form a crosslinked polymeric coating that perserves the nano-
textures of the prime coating and provides a nano-textured surface to the contact lens. The reactive functional groups
of a water-soluble and crosslinkable hydrophilic polymeric material can be: carboxyl groups, azetidinium group, amino
groups, azlactone groups, isocyanate groups, epoxy groups, aziridine groups, hydroxyl groups, thiol groups, or combi-
nations thereof; preferably carboxyl groups, azetidinium groups, amino groups, azlactone groups, isocyanate groups,
epoxy groups, aziridine groups, thiol groups, or combinations thereof; more preferably carboxyl groups, azetidinium
group, amino groups, epoxy groups, thiol groups, or combinations thereof; even more preferably azetidinium group,
epoxy groups, or combinations thereof, provided that one second reactive functional group can react (in a coupling
reaction) with one first reactive functional group of the polymeric coating material in the presence or preferably absence
of a coupling agent to form a crosslinkage.

[0086] A "crosslinked hydrophilic polymeric coating” as used in this application means a layer of a crosslinked polymeric
material having a three-dimensional network that can contain water when fully hydrated. The three-dimensional network
of a crosslinked polymeric material can be formed by crosslinking of two or more linear or branched polymers through
crosslinkages.

[0087] Coupling reactions between a pair of reactive functional groups are well known reactions under the conditions
that are customary for formation of covalent linkages. For example, an amino group reacts with aldehyde group to form
a Schiff base which may further be reduced; an amino group -NHR’ reacts with an acid anhydride group to form an
amide linkage (-CO-NR’-); an amino group -NHR’ reacts with an isocyanate group to form a urea linkage (-NR"-C(O)-NH-);
an amino group -NHR’ reacts with an epoxy or aziridine group to form an amine bond (-C-NR’-); an amino group -NHR’
reacts (ring-opening) with an azlactone group to form an alkylene-diamido linkage (-C(O)NH-alkylene-C(O)NR’-); an
amino group -NHR’ reacts with a carboxylic acid group in the presence of a coupling agent - carbodiimide (e.g., 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide (EDC), N,N’-dicyclohexylcarbodiimide (DCC), 1-cylcohexyl-3-(2-morpholinoe-

13



10

15

20

25

30

35

40

45

50

55

EP 2718 751 B1

thyl)carbodiimide, diisopropyl carbodiimide, or mixtures thereof) to form an amide linkage; a hydroxyl reacts with an
isocyanate to form a urethane linkage; a hydroxyl reacts with an epoxy or aziridine to form an ether linkage (-O-); a
hydroxyl reacts with an acid chloride or bromide group or with an acid anhydride group to form an ester linkage; an
hydroxyl group reacts with an azlactone group in the presence of a catalyst to form an amidoalkylenecarboxy linkage
(-C(O)NH-alkylene-C(0)-O-); a carboxyl group reacts with an epoxy group to form an ester bond; a thiol group (-SH)
reacts with an isocyanate to form a thiocarbamate linkage (-NH-C(O)-S-); a thiol group reacts with an epoxy or aziridine
to form a thioether linkage (-S-); a thiol group reacts with an acid anhydride group to form a thiolester linkage; a thiol
group reacts with an azlactone group in the presence of a catalyst to form a linkage (-C(O)NH-CR3R4-(CH,)p-C(O)-S-).
It is also understood that coupling agents with two reactive functional groups may be used in the coupling reactions. A
coupling agent having two reactive functional groups can be a diisocyanate, a di-acid halide, a di-carboxylic acid com-
pound, a di-acid halide compound, a di-azlactone compound, a di-epoxy compound, a diamine, or a diol. A person skilled
in the art knows well to select a coupling reaction (e.g., anyone described above in this application) and conditions
thereof to prepare a polysiloxane terminated with one or more ethylenically unsaturated groups. For example, a diiso-
cyanate, di-acid halide, di-carboxylic acid, di-azlactone, or di-epoxy compound can be used in the coupling of two
hydroxyl, two amino groups, two carboxyl groups, two epoxy groups, or combination thereof; a diamine or dihydroxyl
compound can be used in the coupling of two isocyanate, epoxy, aziridine, carboxylic acid, or azlactone groups or
combinations thereof. At a relatively elevated temperature (from about 40°C to about 140°C), positively-charged aze-
tidinium groups react with functional groups such as amino groups, thiol groups, and carboxylate ion -COO- (i.e., the
deprotonated form of a carboxyl group) to form neutral, hydroxyl-containing covalent linkages as illustrated in the scheme |

' N\ R
' OH-CN{Q + HL-R —A—'> N/\/»\L/ + gt
. \ | - OH

Scheme |

in which R is the rest portion of a compound, L is -NR’- in which R’ is hydrogen, a C4-C, unsubstituted or substituted,
linear or branched alkyl group, -S-, or -OC(=0)-.

[0088] In accordance with the invention, the water-soluble and crosslinkable hydrophilic polymeric material preferably
comprises, as the second reactive functional groups, thermally-crosslinkable groups, more preferably azetidinium groups
and/or epoxy groups, even more preferably azetidinium groups. Preferably, the water-soluble and crosslinkable hy-
drophilic polymeric material is a partially-crosslinked hydrophilic polymeric material that comprises a three-dimensional
network and crosslinkable (preferably thermally-crosslinkable) groups (such as, e.g., azetidinium and/or epoxy groups),
more preferably azetidinium groups within the network. The term "partially-crosslinked" in reference to a hydrophilic
polymeric material means that the crosslinkable groups of starting materials for making the hydrophilic polymeric material
in a crosslinking reaction have not been fully consumed.

[0089] In a preferred embodiment, the water-soluble and crosslinkable hydrophilic polymeric material comprises (i)
from about 20% to about 95%, preferably from about 35% to about 90%, more preferably from about 50% to about 85%,
by weight of first polymer chains derived from an epichlorohydrin-functionalized polyamine or polyamidoamine, (ii) from
about 5% to about 80%, preferably from about 10% to about 65%, even more preferably from about 15% to about 50%,
by weight of hydrophilic moieties or second polymer chains derived from at least one hydrophilicity-enhancing agent
having at least one reactive functional group selected from the group consisting of amino group, carboxyl group, thiol
group, and combination thereof, wherein the hydrophilic moieties or second polymer chains are covalently attached to
the first polymer chains through one or more covalent linkages each formed between one azetitdinium group of the
epichlorohydrin-functionalized polyamine or polyamidoamine and one amino, carboxyl or thiol group of the hydrophilicity-
enhancing agent, and (iii) azetidinium groups which are parts of the first polymer chains or pendant or terminal groups
covalently attached to the first polymer chains. The composition of the hydrophilic polymeric material is determined by
the composition (based on the total weight of the reactants) of a reactants mixture used for preparing the thermally-
crosslinkable hydrophilic polymeric material according to the crosslinking reactions shown in Scheme | above. For
example, if a reactant mixture comprises about 75% by weight of an epichlorohydrin-functionalized polyamine or polya-
midoamine and about 25% by weight of at least one hydrophilicity-enhancing agent based on the total weight of the
reactants, then the resultant hydrophilic polymeric material comprise about 75% by weight of first polymer chains derived
from the epichlorohydrin-functionalized polyamine or polyamidoamine and about 25% by weight of hydrophilic moieties
or second polymer chains derived from said at least one hydrophilicity-enhancing agent. The azetidinium groups of the
thermally-crosslinkable hydrophilic polymeric material are those azetidinium groups (of the epichlorohydrin-functionalized
polyamine or polyamidoamine) which do not participate in crosslinking reactions for preparing the thermally-crosslinkable
hydrophilic polymeric material.

[0090] With such a water-soluble and crosslinkable hydrophilic polymeric material, the crosslinked hydrophilic coating
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can be formed by simply heating a contact lens having the prime coating having nano-textures in an aqueous solution
of a water-soluble and crosslinkable hydrophilic polymeric material to and at a temperature from about 40°C to about
140°C for a period of time sufficient to covalently attach the hydrophilic polymeric material onto the prime coating on the
surface of the contact lens through covalent linkages each formed between one azetidinium group of the hydrophilic
polymeric material and one of the first reactive functional groups of the polymeric coating material in the prime coating
on the surface of the contact lens, thereby forming a crosslinked hydrophilic coating comprising nano-textures on the
contact lens.

[0091] An epichlorohydrin-functionalized polyamine or polyamidoamine can be obtained by reacting epichlorohydrin
with a polyamine polymer or a polymer containing primary or secondary amino groups. For example, a poly(alkylene
imines) or a poly(amidoamine) which is a polycondensate derived from a polyamine and a dicarboxylic acid (e.g., adipic
acid-diethylenetriamine copolymers) can react with epichlorohydrin to form an epichlorohydrin-functionalized polymer.
Similarly, a homopolymer or copolymer of aminoalkyl(meth)acrylate, mono-alkylaminoalkyl (meth)acrylate, ami-
noalkyl(meth)acrylamide, or mono-alkylaminoalkyl (meth)acrylamide can also react with epichlorohydrin to form an
epichlorohydrin-functionalized polyamine. The reaction conditions for epichlorohydrin-functionalization of a polyamine
or polyamidoamine polymer are taught in EP1465931 (herein incorporated by reference in its entirety). A preferred
epichlorohydrin-functionalized polymer is polyaminoamide-epichlorohydrin (PAE) (or polyamide-polyamine-epichloro-
hydrin or polyamide-epichlorohydrin), such as, for example, Kymene® or Polycup® resins (epichlorohydrin-functionalized
adipic acid-diethylenetriamine copolymers) from Hercules or Polycup® or Servamine® resins from Servo/Delden.
[0092] Any suitable hydrophilicity-enhancing agents can be used in the invention so long as they contain at least one
amino group, at least one carboxyl group, and/or at least one thiol group.

[0093] A preferred class of hydrophilicity-enhancing agents include without limitation: amino-, carboxyl- or thiol-con-
taining monosaccharides (e.g., 3-amino-1,2-propanediol, 1-thiolglycerol, 5-keto-D-gluconic acid, galactosamine, glu-
cosamine, galacturonic acid, gluconic acid, glucosaminic acid, mannosamine, saccharic acid 1,4-lactone, saccharide
acid, Ketodeoxynonulosonic acid, N-methyl-D-glucamine, 1-amino-1-deoxy--D-galactose, 1-amino-1-deoxysorbitol, 1-
methylamino-1-deoxysorbitol, N-aminoethyl gluconamide); amino-, carboxyl- or thiol-containing disaccharides (e.g.,
chondroitin disaccharide sodium salt, di(3-D-xylopyranosyl)amine, digalacturonic acid, heparin disaccharide, hyaluronic
acid disaccharide, Lactobionic acid); and amino-, carboxyl- or thiol-containing oligosaccharides (e.g., carboxymethy!|-3-
cyclodextrin sodium salt, trigalacturonic acid); and combinations thereof.

[0094] Another preferred class of hydrophilicity-enhancing agents is hydrophilic polymers having one or more amino,
carboxyl and/or thiol groups. More preferably, the content of the amino, carboxyl and/or thiol groups in a hydrophilic
polymer as a hydrophilicity-enhancing agent is less than about 40%, preferably less than about 30%, more preferably
less than about 20%, even more preferably less than about 10%, by weight based on the total weight of the hydrophilic
polymer.

[0095] One preferred class of hydrophilic polymers as hydrophilicity-enhancing agents are amino- or carboxyl-con-
taining polysaccharides, for example, such as, carboxymethylcellulose (having a carboxyl content of about 40% or less,
which is estimated based on the composition of repeating units, -[CgH40.,O5(CH,COLH)  ]- in which m is 1 to 3), car-
boxyethylcellulose (having a carboxyl content of about 36% or less, which is estimated based on the composition of
repeating units, -[C6H1.,,05(CoH4CO,H), - in which m is 1 to 3) carboxypropylcellulose (having a carboxyl content of
about 32% or less, which is estimated based on the composition of repeating units, -[CgH 0., O5(C3HgCOLH),]-, in which
m is 1 to 3), hyaluronic acid (having a carboxyl content of about 11%, which is estimated based on the composition of
repeating units, -(C43H,0OgNCO,H)-), chondroitin sulfate (having a carboxyl content of about 9.8%, which is estimated
based on the composition of repeating units, -(C,H;g013NS CO,H)-), or combinations thereof.

[0096] Another preferred class of hydrophilic polymers as hydrophilicity-enhancing agents include without limitation:
poly(ethylene glycol) (PEG) with mono-amino, carboxyl or thiol group (e.g., PEG-NH,, PEG-SH, PEG-COOH); HoN-
PEG-NH,; HOOC-PEG-COOH; HS-PEG-SH; H,N-PEG-COOH; HOOC-PEG-SH; HyN-PEG-SH; multi-arm PEG with
one or more amino, carboxyl or thiol groups; PEG dendrimers with one or more amino, carboxyl or thiol groups; a diamino-
or dicarboxyl-terminated homo- or co-polymer of a non-reactive hydrophilic vinylic monomer; a monoamino- or mono-
carboxyl-terminated homo- or co-polymer of a non-reactive hydrophilic vinylic monomer; a copolymer which is a polym-
erization product of a composition comprising (1) about 60% by weight or less, preferably from about 0.1 % to about
30%, more preferably from about 0.5% to about 20%, even more preferably from about 1 % to about 15%, by weight of
one or more reactive vinylic monomers and (2) at least one non-reactive hydrophilic vinylic monomer; and combinations
thereof. Reactive vinylic monomer(s) and non-reactive hydrophilic vinylic monomer(s) are those described previously.
[0097] More preferably, a hydrophilic polymer as a hydrophilicity-enhancing agentis PEG-NH,; PEG-SH; PEG-COOH,;
HoN-PEG-NH,; HOOC-PEG-COOH; HS-PEG-SH; H,N-PEG-COOH; HOOC-PEG-SH; H,N-PEG-SH; multi-arm PEG
with one or more amino, carboxyl or thiol groups; PEG dendrimers with one or more amino, carboxyl or thiol groups; a
monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated homo- or copolymer of a non-reactive hydrophilic vinylic
monomer selected from the group consisting of acryamide (AAm), N,N-dimethylacrylamide (DMA), N-vinylpyrrolidone
(NVP), N-vinyl-N-methyl acetamide, glycerol (meth)acrylate, hydroxyethyl (meth)acrylate, N-hydroxyethyl (meth)acry-
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lamide, C4-C4-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular weight of up to 400 Daltons,
vinylalcohol, N-methyl-3-methylene-2-pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone, 5-methyl-3-methylene-2-pyrro-
lidone, N,N-dimethylaminoethyl (meth)acrylate, N,N-dimethylaminopropyl (metha)crylamide, (meth)acryloyloxyethyl
phosphorylcholine, and combinations thereof; a copolymer which is a polymerization product of a composition comprising
(1) from about 0.1 % to about 30%, preferably from about 0.5% to about 20%, more preferably from about 1 % to about
15%, by weight of (meth)acrylic acid, allylamine and/or amino-C,-C, alkyl (meth)acrylate, and (2) at least one non-
reactive hydrophilic vinylic monomer selected from the group consisting of acryamide, N,N-dimethylacrylamide, N-vi-
nylpyrrolidone, (meth)acryloyloxyethyl phosphorylcholine, N-vinyl-N-methyl acetamide, glycerol (meth)acrylate, hydrox-
yethyl (meth)acrylate, N-hydroxyethyl (meth)acrylamide, C4-Cy-alkoxy polyethylene glycol (meth)acrylate having a
weight average molecular weight of up to 400 Daltons, vinyl alcohol, and combination thereof.

[0098] Most preferably, the hydrophilicity-enhancing agent as a hydrophilicity-enhancing agent is PEG-NH,; PEG-SH;
PEG-COOH; monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated polyvinylpyrrolidone; monoamino-, mono-
carboxyl-, diamino- or dicarboxyl-terminated polyacrylamide; monoamino-, monocarboxyl-, diamino- or dicarboxyl-ter-
minated poly(DMA); monoamino- or monocarboxyl-, diamino- or dicarboxyl-terminated poly(DMA-co-NVP); monoamino-,
monocarboxyl-, diamino- or dicarboxyl-terminated poly(NVP-co-N,N-dimethylaminoethyl (meth)acrylate)); monoamino-,
monocarboxyl-, diamino- or dicarboxyl-terminated poly(vinylalcohol); monoamino-, monocarboxyl-, diamino-or dicarbo-
xyl-terminated poly[(meth)acryloyloxyethyl phosphrylcholine] homopolymer or copolymer; monoamino-, monocarboxyl-,
diamino- or dicarboxyl-terminated poly(NVP-co-vinyl alcohol); monoamino-, monocarboxyl-, diamino- or dicarboxyl-ter-
minated poly(DMA-co-vinyl alcohol); poly[(meth)acrylic acid-co-acrylamide] with from about 0.1 % to about 30%, pref-
erably from about 0.5% to about 20%, more preferably from about 1 % to about 15%, by weight of (meth)acrylic acid;
poly[(meth)acrylic acid-co-NVP) with from about 0.1 % to about 30%, preferably from about 0.5% to about 20%, more
preferably from about 1% to about 15%, by weight of (meth)acrylic acid; a copolymer which is a polymerization product
of a composition comprising (1) (meth)acryloyloxyethyl phosphorylcholine and (2) from about 0.1% to about 30%, pref-
erably from about 0.5% to about 20%, more preferably from about 1% to about 15%, by weight of (meth)acrylic acid,
allylamine and/or amino-C,-C,alkyl (meth)acrylate; and combination thereof:

[0099] PEGs with functional groups and multi-arm PEGs with functional groups can be obtained from various com-
mercial suppliers, e.g., Polyscience, and Shearwater Polymers, zinc., etc.

[0100] Monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated homo- or copolymers of one or more non-
reactive hydrophilic vinylic monomers or of a phosphorylcholine-containing vinylic monomer can be prepared according
to procedures described in U.S. Patent No. 6,218,508, herein incorporated by reference in its entirety. For example, to
prepare a diamino- or dicarboxyl-terminated homo- or co-polymer of a non-reactive hydrophilic vinylic monomer, the
non-reactive vinylic monomer, a chain transfer agent with an amino or carboxyl group (e.g., 2-aminoethanethiol, 2-
mercaptopropinic acid, thioglycolic acid, thiolactic acid, or other hydroxymercaptanes, aminomercaptans, or carboxyl-
containing mercaptanes) and optionaly other vinylic monomer are copolymerized (thermally or actinically) with a reactive
vinylic monomer (having an amino or carboxyl group), in the presence of an free-radical initiator. Generally, the molar
ratio of chain transfer agent to that of all of vinylic monomers other than the reactive vinylic monomer is from about 1:5
to about 1:100, whereas the molar ratio of chain transfer agent to the reactive vinylic monomer is 1:1.

[0101] In such preparation, the chain transfer agent with amino or carboxyl group is used to control the molecular
weight of the resultant hydrophilic polymer and forms a terminal end of the resultant hydrophilic polymer so as to provide
the resultant hydrophilic polymer with one terminal amino or carboxyl group, while the reactive vinylic monomer provides
the other terminal carboxyl or amino group to the resultant hydrophilic polymer. Similarly, to prepare a monoamino- or
monocarboxyl-terminated homo- or co-polymer of a non-reactive hydrophilic vinylic monomer, the non-reactive vinylic
monomer, a chain transfer agent with an amino or carboxyl group (e.g., 2-aminoethanethiol, 2-mercaptopropinic acid,
thioglycolic acid, thiolactic acid, or other hydroxymercaptanes, aminomercaptans, or carboxyl-containing mercaptanes)
and optionally other vinylic monomers are copolymerized (thermally or actinically) in the absence of any reactive vinylic
monomer.

[0102] Copolymers containing monomeric units derived from methacryloyloxyethyl phosphorylcholine and carboxyl,
amino and/or thiol reactive functional groups can be obtained from NOP Corporation (e.g., LIPIDURE® -A and -AF).
[0103] The weight average molecular weight M, of the hydrophilic polymer having at least one amino, carboxyl or
thiol group (as a hydrophilicity-enhancing agent) as hydrophilicity-enhancing agent is preferably from about 500 to about
1,000,000, more preferably from about 1,000 to about 500,000, even more preferably from about 5,000 to about 250,000
Daltons.

[0104] Itis understood that the reaction between a hydrophilicity-enhancing agent and an epichlorohydrin-functional-
ized polyamine or polyamidoamine is carried out at a temperature of from about 40°C to about 100°C for a period of
time sufficient (from about 0.3 hour to about 24 hours, preferably from about 1 hour to about 12 hours, even more
preferably from about 2 hours to about 8 hours) to form a water-soluble and thermally-crosslinkable hydrophilic polymeric
material containing azetidinium groups.

[0105] It is also understood that the concentration of a hydrophilicity-enhancing agent relative to an epichlorohydrin-
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functionalized polyamine or polyamidoamine must be selected not to render a resultant hydrophilic polymeric material
water-insoluble (i.e., a solubility of less than 0.005 g per 100 ml of water at room temperature) and not to consume more
than about 99%, preferably about 98%, more preferably about 97%, even more preferably about 96% of the azetidinium
groups of the epichlorohydrin-functionalized polyamine or polyamidoamine.

[0106] In accordance with the invention, heating for forming a crosslinked hydrophilic coating is performed preferably
by autoclaving a contact lens, preferably a SiHy contact lens that comprises a prime coating including nano-textures
and is immersed in a packaging solution (i.e., a buffered aqueous solution) including a water-soluble thermally crosslink-
abe hydrophilic polymeric material in a sealed lens package at a temperature of from about 118°C to about 125°C for
approximately 20-90 minutes. In accordance with this embodiment of the invention, the packaging solution is a buffered
aqueous solution which is ophthalmically safe after autoclave. Alternatively, is performed preferably by autoclaving a
SiHy contact lens, which comprises a base coating and a layer of a water-soluble thermally crosslinkabe hydrophilic
polymeric material on top of the base coating, immersed in a packaging solution (i.e., a buffered aqueous solution) in a
sealed lens package at a temperature of from about 118°C to about 125°C for approximately 20-90 minutes.

[0107] Lens packages (or containers) are well known to a person skilled in the art for autoclaving and storing a soft
contact lens. Any lens packages can be used in the invention. Preferably, a lens package is a blister package which
comprises a base and a cover, wherein the cover is detachably sealed to the base, wherein the base includes a cavity
for receiving a sterile packaging solution and the contact lens.

[0108] Lenses are packaged inindividual packages, sealed, and sterilized (e.g., by autoclave at about 120°C or higher
for at least 30 minutes) prior to dispensing to users. A person skilled in the art will understand well how to seal and
sterilize lens packages.

[0109] In accordance with the invention, a packaging solution contains at least one buffering agent and one or more
other ingredients known to a person skilled in the art. Examples of other ingredients include without limitation, tonicity
agents, surfactants, antibacterial agents, preservatives, and lubricants (or water-soluble viscosity builders) (e.g., cellulose
derivatives, polyvinyl alcohol, polyvinyl pyrrolidone).

[0110] The packaging solution contains a buffering agent in an amount sufficient to maintain a pH of the packaging
solution in the desired range, for example, preferably in a physiologically acceptable range of about 6 to about 8.5. Any
known, physiologically compatible buffering agents can be used. Suitable buffering agents as a constituent of the contact
lens care composition according to the invention are known to the person skilled in the art. Examples are boric acid,
borates, e.g. sodium borate, citric acid, citrates, e.g. potassium citrate, bicarbonates, e.g. sodium bicarbonate, TRIS (2-
amino-2-hydroxymethyl-1,3-propanediol), Bis-Tris (Bis-(2-hydroxyethyl)-imino-tris-(hydroxymethyl)-methane), bis-ami-
nopolyols, triethanolamine, ACES (N-(2-hydroxyethyl)-2-aminoethanesulfonic acid), BES (N,N-Bis(2-hydroxyethyl)-2-
aminoethanesulfonic acid), HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), MES (2-(N-mor-
pholino)ethanesulfonic acid), MOPS (3-[N-morpholinol-propanesulfonic acid), PIPES (piperazine-N,N’-bis(2-ethanesul-
fonic acid), TES (N-[Tris(hydroxymethyl)methyl]-2-aminoethanesulfonic acid), salts thereof, phosphate buffers, e.g.
Na,HPO,, NaH,PO,, and KH,PO, or mixtures thereof. A preferred bis-aminopolyol is 1,3-bis(tris[hydroxymethyl]-meth-
ylamino)propane (bis-TRIS-propane). The amount of each buffer agent in a packaging solution is preferably from 0.001
% to 2%, preferably from 0.01% to 1%; most preferably from about 0.05% to about 0.30% by weight.

[0111] The packaging solution has a tonicity of from about 200 to about 450 milliosmol (mOsm), preferably from about
250 to about 350 mOsm. The tonicity of a packaging solution can be adjusted by adding organic or inorganic substances
which affect the tonicity. Suitable occularly acceptable tonicity agents include, but are not limited to sodium chloride,
potassium chloride, glycerol, propylene glycol, polyols, mannitols, sorbitol, xylitol and mixtures thereof.

[0112] A packaging solution of the invention has a viscosity of from about 1 centipoise to about 10 centipoises,
preferably from about 1 centipoise to about 5 centipoises, more preferably from about 1.2 centipoises to about 2.5
centipoises, at 25°C.

[0113] In a preferred embodiment, the packaging solution comprises preferably from about 0.01 % to about 2%, more
preferably from about 0.05% to about 1.5%, even more preferably from about 0.1% to about 1%, most preferably from
about 0.2% to about 0.5%, by weight of a water-soluble and thermally-crosslinkable hydrophilic polymeric material of
the invention.

[0114] A packaging solution of the invention can contain a viscosity-enhancing polymer, a surfactant, and/or other
components known to a person skilled in the art.

[0115] It should be understood that although in this aspect of the invention various embodiments including preferred
embodiments of the invention may be separately described above, they can be combined and/or used together in any
desirable fashion to arrive at different embodiments of a silicone hydrogel contact lenses of the invention.

[0116] In another aspect, the invention provides a silicone hdyrogel (SiHy) contact comprising a silicone hydrogel lens
body and a non-silicone hydrogel coating thereon, wherein the coating comprises winkle surface patterns (nano-textures)
having a roughness (i.e., an arithmetical mean roughness, Ra) of from about 5 nm to about 600 nm, preferably from
about 10 nm to about 400 nm, even more preferably from about 15 nm to about 200 nm, even more preferably from
about 20 nm to about 100 nm. In a preferred embodiment, a SiHy contact lens of the invention has at least one of
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properties selected from the group consisting of (1) a surface hydrophilicity/wettability characterized by having an aver-
aged water contact angle of preferably about 90 degrees or less, more preferably about 80 degrees or less, even more
preferably about 70 degrees or less, most preferably about 60 degrees or less; (2) an oxygen transmissibility of at least
about 50, preferably at least about 70, more preferably at least about 80, even more preferably at least about 90
barrers/mm; (3) an elastic modulus of about 1.5 MPa or less, preferably about 1.2 MPa or less, more preferably about
1.0 or less, even more preferably from about 0.3 MPa to about 1.0 MPa; (4) a water content of preferably from about
18% to about 70%, more preferably from about 20% to about 60% by weight when fully hydrated; and (5) combinations
thereof. The water content of a silicone hydrogel contact lens can be measured according to Bulk Technique as disclosed
in US 5,849,811.

[0117] It should be understood that although in this aspect of the invention various embodiments including preferred
embodiments of the invention may be separately described above, they can be combined and/or used together in any
desirable fashion to arrive at different embodiments of a silicone hydrogel contact lenses of the invention. All of the
various embodiments described above for the previous aspect of the invention can be used alone or in combination in
any desirable fashion in this aspect of the invention.

[0118] Althoughvarious embodiments ofthe invention have been described using specificterms, devices, and methods,
such description is for illustrative purposes only. The words used are words of description rather than of limitation. It is
to be understood that changes and variations may be made by those skilled in the art without departing from the spirit
or scope of the present invention, which is set forth in the following claims. In addition, it should be understood that
aspects of the various embodiments may be interchanged either in whole or in part or can be combined in any manner
and/or used together. Therefore, the spirit and scope of the appended claims should not be limited to the description of
the preferred versions contained therein.

Example 1
Oxygen Permeability Measurements

[0119] Theapparentoxygen permeability of alens and oxygen transmissibility of a lens material is determined according
to a technique similar to the one described in U.S. Patent No. 5,760,100 and in an article by Winterton et al., (The Cornea:
Transactions of the World Congress onthe Cornea 111, H.D. Cavanagh Ed., Raven Press: New York 1988, pp273-280),
both of which are herein incorporated by reference in their entireties. Oxygen fluxes (J) are measured at 34°C in a wet
cell (i.e.. gas streams are maintained at about 100% relative humidity) using a Dk1000 instrument (available from Applied
Design and Development Co., Norcross, GA), or similar analytical instrument. An air stream, having a known percentage
of oxygen (e.g., 21 %), is passed across one side of the lens at a rate of about 10 to 20 cm3 /min., while a nitrogen
stream is passed on the opposite side of the lens at a rate of about 10 to 20 cm3 /min. A sample is equilibrated in a test
media (i.e., saline or distilled water) at the prescribed test temperature for at least 30 minutes prior to measurement but
not more than 45 minutes. Any test media used as the overlayer is equilibrated at the prescribed test temperature for
at least 30 minutes prior to measurement but not more than 45 minutes. The stir motor’s speed is set to 120050 rpm,
corresponding to an indicated setting of 40015 on the stepper motor controller. The barometric pressure surrounding
the system, P casureds IS Measured. The thickness (t) of the lens in the area being exposed for testing is determined by
measuring about 10 locations with a Mitotoya micrometer VL-50, or similar instrument, and averaging the measurements.
The oxygen concentration in the nitrogen stream (i.e., oxygen which diffuses through the lens) is measured using the
DK1000 instrument. The apparent oxygen permeability of the lens material, Dk is determined from the following
formula:

app’

Dkapp =Jt/(Poxygen)
where J=oxygen flux [microliters O, /em? -minute]

Poxygen =(Pmeasured ~Pwater Vapor)=(%0, in air stream) [mm Hg]=partial pressure of
oxygen in the air stream
Pneasured =Parometric pressure (mm Hg)
Puwater Vapor =0 mm Hg at 34 °C (in a dry cell) (mm Hg)

Puwater Vapor =40 mm Hg at 34 °C (in a wet cell) (mm Hg)
t=average thickness of the lens over the exposed test area (mm)
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Dk, is expressed in units of barrers.

pp
[0120] The apparent oxygen transmissibility (Dk /t) of the material may be calculated by dividing the apparent oxygen
permeability (Dkapp) by the average thickness (t) of the lens.

[0121] The above described measurements are not corrected for the so-called boundary layer effect which is attrib-
utable to the use of a water or saline bath on top of the contact lens during the oxygen flux measurement. The boundary
layer effect causes the reported value for the apparent Dk of a silicone hydrogel material to be lower than the actual
intrinsic Dk value. Further, the relative impact of the boundary layer effect is greater for thinner lenses than with thicker
lenses. The net effect is that the reported Dk appear to change as a function of lens thickness when it should remain
constant.

[0122] The intrinsic Dk value of a lens can be estimated based on a Dk value corrected for the surface resistance to
oxygen flux caused by the boundary layer effect as follows.

[0123] Measure the apparent oxygen permeability values (single point) of the reference lotrafilcon A (Focus® N&D®
from CIBA VISION CORPORATION) or lotrafilcon B (AirOptix™ from CIBA VISION CORPORATION) lenses using the
same equipment. The reference lenses are of similar optical power as the test lenses and are measured concurrently
with the test lenses.

[0124] Measure the oxygen flux through a thickness series of lotrafilcon A or lotrafilcon B (reference) lenses using the
same equipment according to the procedure for apparent Dk measurements described above, to obtain the intrinsic Dk
value (Dk;) of the reference lens. A thickness series should cover a thickness range of approximately 100 pm or more.
Preferably, the range of reference lens thicknesses will bracket the test lens thicknesses. The DKapp of these reference
lenses must be measured on the same equipment as the test lenses and should ideally be measured contemporaneously
with the test lenses. The equipment setup and measurement parameters should be held constant throughout the ex-
periment. The individual samples may be measured multiple times if desired.

[0125] Determine the residual oxygen resistance value, R,, from the reference lens results using equation 1 in the
calculations.

R = (1)

in which t is the thickness of the test lens (i.e., the reference lens too), and n is the number of the reference lenses
measured. Plot the residual oxygen resistance value, R, vs. t data and fit a curve of the form Y = a + bX where, for the
jth lens, YJ- = (AP/ J)j and X = tj. The residual oxygen resistance, R, is equal to a.

[0126] Use the residual oxygen resistance value determined above to calculate the correct oxygen permeability Dk,
(estimated intrinsic Dk) for the test lenses based on Equation 2.

Dk, =t/[(t/Dka) - R] : )

[0127] The estimated intrinsic Dk of the test lens can be used to calculate what the apparent Dk (Dk, q4) would have
been for a standard thickness lens in the same test environment based on Equation 3. The standard thickness (t) for
lotrafilcon A = 85 wm. The standard thickness for lotrafilcon B = 60 pm.

Dka sta = tata/ [( tsta/ Dke) + R;_stq] (3)

[0128] Surface hydrophilicity/wettabilityTests. Water contact angle on a contact lens is a general measure of the
surface hydrophilicity (or wetability) of the contact lens. In particular, a low water contact angle corresponds to more
hydrophilic surface. Average contactangles (Sessile Drop) of contact lenses are measured using a VCA 2500 XE contact
angle measurement device from AST, Inc., located in Boston, Massachusetts. This equipment is capable of measuring
advancing or receding contact angles or sessile (static) contact angles. The measurements are performed on fully
hydrated contact lenses and immediately after blot-drying as follows. A contact lens is removed from the vial and washed
3 times in ~200ml of fresh DI water in order to remove loosely bound packaging additives from the lens surface. The
lens is then placed on top of a lint-free clean cloth (Alpha Wipe TX1009), dabbed well to remove surface water, mounted
on the contact angle measurement pedestal, blown dry with a blast of dry air and finally the sessile drop contact angle
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is automatically measured using the software provided by the manufacturer. The DI water used for measuring the contact
angle has aresistivity > 18MQcm and the droplet volume used is 2u.l. Typically, uncoated silicone hydrogel lenses (after
autoclave) have a sessile drop contact angle around 120 degrees. The tweezers and the pedestal are washed well with
Isopropanol and rinsed with DI water before coming in contact with the contact lenses.

[0129] Coating Intactness Tests. The intactness of a coating on the surface of a contact lens can be tested according
to Sudan Black stain test as follow. Contact lenses with a coating (an LbL coating, a plasma coating, or any other
coatings) are dipped into a Sudan Black dye solution (Sudan Black in vitamin E oil) and then rinsed extensively in water.
Sudan Black dye is hydrophobic and has a great tendency to be adsorbed by a hydrophobic material oronto a hydrophobic
lens surface or hydrophobic spots on a partially coated surface of a hydrophobic lens (e.g., silicone hydrogel contact
lens). If the coating on a hydrophobic lens is intact, no staining spots should be observed on or in the lens. All of the
lenses under test are fully hydrated.

[0130] Tests of coating durability. The lenses are digitally rubbed with Solo-care® multi-purpose lens care solution for
30 times and then rinsed with saline: The above procedure is repeated for a given times, e.g., from 1 to 30 times, (i.e.,
number of consecutive digital rubbing tests which imitate cleaning and soaking cycles). The lenses are then subjected
to Sudan Black test (i.e., coating intactness test described above) to examine whether the coating is still intact. To survive
digital rubbing test, there is no significantly increased staining spots (e.g., staining spots covering no more than about
5% of the total lens surface). Water contact angles are measured to determine the coating durability.

[0131] Determination of azetidinium content. The azetidinium content in PAE can be determined according to one
of the following assays.

[0132] PPVS assays. PAE charge density (i.e., azetidinium content) can be determined according to PPVS assay, a
colorimetric titration assay where the titrant is potassium vinyl sulfate (PPVS) and Toluidine Blue is the indicator. See,
S-K Kam and J. Gregory, "Charge determination of synthetic cationic polyelectrolytes by colloid titration," in Colloid &
Surface A: Physicochem. Eng. Aspect, 159: 165-179 (1999). PPVS binds positively-charged species e.g., Toluidine
Blue and the azetidinium groups of PAE. Decreases in Toluidine Blue absorbance intensities are indicative of propor-
tionate PAE charge density (azetidinium content).

[0133] PES-Na Assay. PES-Na assay is another colorimetric titration assay for determining PAE charge density
(azetidinium content). In this assay, the titrant is Sodium-polyethylensulphonate (PES-Na) instead of PPVS. The assay
is identical to the PPVS assay described above.

[0134] PCD assays. PCD assay is a potentiometric titration assay for determining PAE charge density (azetidinium
content). The titrant is Sodium-polyethylensulphonate (PES-Na), PPVS or other titrant. PAE charge is detected by an
electrode, for example using the Miitek PCD-04 Particle Charge Detector from BTG. The measuring principle of this
detector can be found in BTG’s website http://www.btg.com/products.asp?langage=1&app-
li=5&numProd=357&cat=prod).

[0135] NMR method. The active positively charged moeity in PAE is the azetidinium group (AZR). The NMR ratio
method is a ratio of the number of AZR group-specific protons versus the number of non-AZR related protons. This ratio
is an indicator of the charge or AZR density for PAE.

Characterization of the Nano-textured Surfaces of Contact Lens

[0136] Transmission-Differential-Interference-Contrast (TDIC) Method. Contact lenses are placed on a glass slide
and flattened by compressing the lens between the slide and a glass cover slip. Contact lens surfaces are located and
examined by focusing through the lens using a Nikon MEG0O microscope with transmission differential interference
contrast optics using a 40x objective lens. The obtained TDIC images are then evaluated to determine the presence of
winkled surface patterns as shown in Figure 1.

[0137] Reflection-Differential-Interference-Contrast (RDIC) Method. Lenses are placed on a glass slide and flat-
tened by making 4 radial cuts every ~90 degrees. Excess saline is blown off the surface using compressed air. Lens
surface is then examined using Nikon Optiphot-2 with reflection differential interference contrast optics for the presence
of winkled surface patterns on the surfaces of a contact lens using 10x, 20x and 50x objective lenses. A representative
image of each side is acquired using 50x objective lens. The contact lens is then flipped over, excess saline removed
and the other side of the contact lens and is inspected in the same way. The obtained RDIC images are then evaluated
to determine the presence of winkled surface patterns as shown in Figure 2.

[0138] Dark Field Light Microscopy (DFLM). DFLM is generally based on dark field illumination which is a method
of enhancing contrastin observed samples. This technique consists of a light source outside orblocked from the observer’s
field of view in order to illuminate a sample at an angle relative to normal transmitted light. Since the un-scattered light
from the source is not gathered by the objective lens, it is not part of the image and the background of the image appears
dark. Since the light source is illuminating the sample at an angle, the light observed in the sample image is that which
is scatted by the sample toward the observer, contrast is then created between this scattered light from the sample and
the dark background of the image. This contrast mechanism makes dark illumination especially useful for the observation
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of scattered phenomena such as haze.

[0139] DFLMis used to evaluate the haziness of contact lenses as follows. It is believed that since the dark-field setup
involves scattered light, dark-field data could provide the worst-case estimate of haziness. In 8-bit grey scale digital
images each image pixel is assigned a grey scale intensity (GSI) value in the range from 0-255. Zero represents a pixel
that is perfectly black and 255 represents a pixel that is perfectly white. An increase in the scattered light captured in
the image will produce pixels with higher GSI values. This GSI value can then be used as a mechanism to quantify the
amount of scattered light observed in a dark field image. The haziness is expressed by averaging the GSI values of all
pixels in an area of interest (AOI) (e.g., a whole lens or the lenticular zone or optical zone of a lens). The experimental
set-up consists of a microscope or equivalent optics, an attached digital camera and a dark field stand with ring light
and variable intensity light source. Optics is designed/arranged so that the entirety of the contact lens to be observed
fills the field of view (typically ~15mmx20mm field of view). lllumination is set to a level appropriate to observe the desired
changes in the relevant samples. Light intensity is adjusted /calibrated to the same level for each set of samples using
a density/light scattering standard as known to a person skilled in the art. For example, a standard is composed of two
overlapping plastic cover slips (identical and slight or moderately frosted). Such standard consists of areas with three
different averaged G Sl that include two areas with intermediate grey scale levels and saturated white (edges). The black
areas represent the empty dark field. The black and saturated white areas can be used to verify gain and offset (contrast
and brightness) settings of camera. The intermediate grey levels can provide three points to verify the linear response
of the camera. Light intensity is adjusted so that the average GSI of the empty dark field approaches 0 and that of a
defined AOI in a digital image of the standard is the same each time within =5 GSI units. After light intensity calibration,
a contact lens is immersed in 0.2 pm-filtered phosphate buffer saline in a quartz Petri dish or a dish or similar clarity
which is placed on the DFLM stand. An 8-bit grey scale digital image of the lens is then acquired as viewed using the
calibrated illumination and the average GSI of a defined AOI within the portion of the image containing the lens is
determined. This is repeated for a sample set of contact lenses. Light intensity calibration is re-evaluated periodically
over the course of a test to ensure consistency.

[0140] The level of haziness under DFLM examination refers to a DFLM haziness

GSSI x100%.

Example 2

Preparation of Chain-Extended Polydimethylsiloxane Vinylic Macromer with Terminal Methacrylate Groups (CE-
PDMS Macromer)

[0141] In the first step, o,®-bis(2-hydroxyethoxypropyl)-polydimethylsiloxane (Mn = 2000, Shin-Etsu, KF-6001a) is
capped with isophorone diisocyanate (IPDI) by reacting 49.85 g of a,,w-bis(2-hydroxyethoxypropyl)-polydimethylsiloxane
with 11.1 g IPDI in 150 g of dry methyl ethyl ketone (MEK) in the presence of 0.063g of dibutyltindilaurate (DBTDL). The
reaction is kept for 4.5 h at 40° C, forming IPDI-PDMS-IPDI. In the second step, a mixture of 164.8 g of a,w-bis(2-
hydroxyethoxypropyl)-polydimethylsiloxane (Mn = 3000, Shin-Etsu, KF-6002) and 50 g of dry MEK are added dropwise
to the IPDI-PDMS-IPDI solution to which has been added an additional 0.063 g of DBTDL. The reactor is held for 4.5 h
at about 40° C, forming HO-PDMS-IPDI-PDMS-IPDI-PDMS-OH. MEK is then removed under reduced pressure. In the
third step, the terminal hydroxyl-groups are capped with methacryloyloxyethyl groups in a third step by addition of 7.77
g of isocyanatoethylmethacrylate (IEM) and an additional 0.063 g of DBTDL, forming IEM-PDMS-IPDI-PDMS-IPDI-
PDMS-IEM.

Alternate Preparation of CE-PDMS Macromer with Terminal Methacrylate Groups

[0142] 240.43 g of KF-6001 is added into a 1-L reactor equipped with stirring, thermometer, cryostat, dropping funnel,
and nitrogen/vacuum inlet adapter, and then dried by application of high vacuum (2x10-2 mBar). Then, under an at-
mosphere of dry nitrogen, 320 g of distilled MEK is then added into the reactor and the mixture is stirred thoroughly.
0.235 g of DBTDL is added to the reactor. After the reactor is warmed to 45°C, 45.86 g of IPDI are added through an
addition funnel over 10 minutes to the reactor under moderate stirring. The reaction is kept for 2 hours at 60°C. 630 g
of KF-6002 dissolved in 452 g of distilled MEK are then added and stirred until a homogeneous solution is formed. 0.235
g of DBTDL are added, and the reactor is held at about 55°C overnight under a blanket of dry nitrogen. The next day,
MEK is removed by flash distillation. The reactor is cooled and 22.7 g of IEM are then charged to the reactor followed
by about 0.235 g of DBTDL. After about 3 hours, an additional 3.3 g of IEM are added and the reaction is allowed to
proceed overnight. The following day, the reaction mixture is cooled to about 18°C to obtain CE-PDMS macromer with
terminal methacrylate groups.
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Example 3
Preparation of Lens Formulations

[0143] Formulation | is prepared by dissolving components in 1-propanol to have the following composition: 33% by
weight of CE-PDMS macromer prepared in Example 2, 17% by weight of N-[tris(trimethylsiloxy)-silylpropyllacrylamide
(TRIS-Am), 24% by weight of N,N-dimethylacrylamide (DMA), 0.5% by weight of N-(carbonyl-methoxypolyethylene
glycol-2000)-1,2-disteaoyl-sn-glycero-3-phosphoethanolamin, sodium salt) (L-PEG), 1.0% by weight Darocur 1173
(DC1173), 0.1% by weight of visitint (5% copper phthalocyanine blue pigment dispersion in tris(trimethylsiloxy)silylpro-
pylmethacrylate, TRIS), and 24.5% by weight of 1-propanol.

[0144] Formulation Il is prepared by dissolving components in 1-propanol to have the following composition: about
32% by weight of CE-PDMS macromer prepared in Example 2, about 21 % by weight of TRIS-Am, about 23% by weight
of DMA, about 0.6% by weight of L-PEG, about 1% by weight of DC1173, about 0.1% by weight of visitint (5% copper
phthalocyanine blue pigment dispersion in TRIS), about 0.8% by weight of DMPC, about 200 ppm H-tempo, and about
22% by weight of 1-propanol.

Preparation of Lenses

[0145] Lenses are prepared by cast-molding from a lens formulation prepared above in a reusable mold (quartz female
mold half and glass male mold half), similar to the mold shown in Figs. 1-6 in U.S. patent Nos.7,384,590 and 7,387,759
(Figs. 1-6). The UV irradiation source is a Hamamatsu lamp with the WG 335 +TM297 cut off filter at an intensity of about
4 mW./cm2. The lens formulation in the mold is irradiated with UV irradition for about 25 seconds. Cast-molded lenses
are extracted with methyl ethyl ketone (MEK) (or propanol or isopropanol).

Application of PAA Prime Coating onto SiHy Contact lenses

[0146] A polyacrylic acid coating solution (PAA-1) is prepared by dissolving an amount of PAA (M.W.: 450kDa, from
Lubrizol) in a given volume of 1-propanol to have a concentration of about 0.1 % by weight and the pH is adjusted with
formic acid to about 2.5.

[0147] Another PAA coating solution (PAA-2) is prepared by dissolving an amount of PAA (M\W.: 450kDa, from
Lubrizol) in a given volume of an organic-based solvent (50/50 1-propanol /H,0) to have a concentration of about 0.1%
by weight and the pH is adjusted with formic acid to about 2.5.

[0148] Above-obtained SiHy contact lenses are subjected to one of dipping processes shown in Tables 1 and 2.

Table 1
Dipping Process
Baths Time

20-0 20-1 20-2 20-3 20-4 20-5
1 56s H20 H20 H20 H20 H20 H20
2 44s MEK MEK MEK MEK MEK MEK
3 56s MEK MEK MEK MEK MEK MEK
4 56s MEK MEK MEK MEK MEK MEK
5 56s MEK MEK MEK MEK MEK MEK
6 56s MEK MEK MEK MEK MEK MEK
7 56s MEK MEK MEK MEK MEK MEK
8 56s H20 H20 H20 H20 H20 H20
9 44s PAA-1 PAA-1 PAA-1 PAA-2 PAA-2 PAA-1
10 56s PAA-1 PAA-1 PAA-1 PAA-2 PAA-2 PAA-1
11 56s H20 ProH H20 H20 H20 H20
12 44s H20 ProH ProH ProH 50/50 50/50
13 56s H20 H20 H20 H20 H20 H20
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(continued)

Dipping Process
Baths Time
20-0 20-1 20-2 20-3 20-4 20-5
14 56s H20 H20 H20 H20 H20 H20
15 56s PBS PBS PBS PBS PBS PBS
16 56s H20 H20 H20 H20 H20 H20

PrOH represents 100% 1-propanol; PBS stands for phosphate-buffered saline; MEK stands for methyl ethyl keton;
50/50 stands a solvent mixture of 50/50 1-PrOH/H,0.

Table 2
Dipping Process
Baths Time

80-0 80-1 80-2 80-3 80-4 80-5 80-6
1 56s H20 H20 H20 H20 H20 H20 H20
2 44s MEK MEK MEK MEK MEK MEK MEK
3 56s MEK MEK MEK MEK MEK MEK MEK
4 56s MEK MEK MEK MEK MEK MEK MEK
5 56s MEK MEK MEK MEK MEK MEK MEK
6 56s MEK MEK MEK MEK MEK MEK MEK
7 56s MEK MEK MEK MEK MEK MEK MEK
8 56s H20 H20 H20 H20 H20 H20 H20
9 44s PAA-1 PAA-1 PAA-1 PAA-1 PAA-1 PAA-1 PAA-1
10 56s PAA-1 50/50 ProH 50/50 ProH ProH H20
11 56s H20 H20 H20 50/50 PrOH 50/50 50/50
12 44s H20 H20 H20 H20 H20 H20 H20
13 56s H20 H20 H20 H20 H20 H20 H20
14 56s H20 H20 H20 H20 H20 H20 H20
15 56s PBS PBS PBS PBS PBS PBS PBS
16 56s H20 H20 H20 H20 H20 H20 H20

PrOH represents 100% 1-propanol; PBS stands for phosphate-buffered saline; MEK stands for methyl ethyl keton;

50/50 stands a solvent mixture of 50/50 1-PrOH/H,0.

Application of Crosslinked Hydrophilic Coating

[0149] Poly(acrylamide-co-acrylic acid) partial sodium salt, Poly(AAm-co-AA)(90/10) (~90% solid content, poly(AAm-
co-AA) 90/10, Mw 200,000) is purchased from Polysciences, Inc. and used as received. PAE (Kymene, an azetidinium
content of 0.46 assayed with NMR) is purchased from from Ashland as an aqueous solution and used as received An
in-package-crosslinking (IPC) saline is prepared by dissolving about 0.07% w/w of poly(AAm-co-AA)(90/10) and about
0.15% of PAE (an initial azetidinium millimolar equivalents of about 8.8 millimole) in phosphate buffered saline (PBS)
(about 0.044 w/w% NaH,PO4H,0, about 0.388 w/w/% Na,HPO4:2H,0, about 0.79 w/w% NaCl) and adjusting the pH
to 7.2~7.4. Then the IPC saline is heat pre-treated for about 4 hours at about 70°C (heat pretrreatment). During this
heat pretreatment, poly(AAm-co-AA) and PAE are partially crosslinked to each other (i.e., not consuming all azetidinium
groups of PAE) to form a water-soluble and thermally-crosslinkable hydrophilic polymeric material containing azetidinium
groups within the branched polymer network in the IPC saline. After the heat pre-treatment, the IPC saline is filtered
using a 0.22micron polyether sulphone [PES] membrane filter and cooled down back to room temperature: 10 ppm
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hydrogen peroxide is then added to the final IPC saline to prevent bioburden growth and the IPC saline is filtered using
a 0.22micron polyether sulphone [PES] membrane filter.

[0150] Lenses having a PAA prime coating thereon prepared above are placed in polypropylene lens packaging shells
(one lens per shell) with 0.6 mL of the IPC saline (half of the saline is added prior to inserting the lens). The blisters are
then sealed with foil and autoclaved for about 30 minutes at about 121°C, forming SiHy contact lenses with crosslinked
hydrophilic coatings thereon.

Characterization of SiHy lenses.

[0151] The resultant SiHy contact lense with crosslinked hydrophilic coatings thereon and a center thickness of about
0.95 microns have an oxygen permebility (Dk or estimated intrinsic Dk) of about 142 to about 150 barrers, a bulk elastic
modulus of about0.72 to about 0.79 MPa, a water content of about 30% to about 33% by weight, a relative ion permeability
of about 6 (relative to Alsacon lens), and a contact angle of from about 34 to about 47 degrees.

[0152] SiHy contact lenses, the PAA prime coating of which is obtained according to either of the dipping processes
20-0 and 80-0, are determined to have an averaged DFLM haziness of about 73% and show wrinkle surface patterns
(Figures 1B and 2B) that can be visually observed by examining the contact lens in hydrated state, according to the
method of either RDIC or TDIC as described in Example 1.

[0153] SiHy contact lenses, the PAA prime coating of which is obtained according to either of the dipping processes
20-1 to 20-4, are determined to have a low averaged DFLM haziness of about 26% (probably due to the presence of
visitint pigment particles) and show no noticeable wrinkle surface patterns (Figures 1A and 2A) when examined under
either RDIC or TDIC as described in Example 1.

[0154] A high percentage of SiHy contact lenses, the PAA prime coating of which is obtained according to either of
the dipping process 20-5, are determined to have a moderate averaged DFLM haziness of about 45% and show slightly
noticeable wrinkle surface patterns when examined under either RDIC or TDIC as described in Example 1.

[0155] SiHy contact lenses, the PAA prime coating of which is obtained according to either of the dipping processes
80-1, 80-2, 80-3, 80-5 and 80-6, do not show noticeable wrinkle surface patterns when examined under either RDIC or
TDIC as described in Example 1. But, SiHy contact lenses, the PAA prime coating of which is obtained according to
either of the dipping processes 80-0 and 80-4, show noticeable wrinkle surface patterns when examined under either
RDIC or TDIC as described in Example 1.

Example 4
Fluorescein tagged PAA (PAA-F).

[0156] PAA-F is synthesized in-house by covalently attaching 5-aminofluorescein to PAA (Mw 450k). The labeling
degree of fluorescein is a few %, for example, about 2 mole% (or n/(m+n)=2 % in the formula shown below)

v
= N

v

Time i

COH CoX

Fluorescein tagged PAA (PAA-F) X: Fluorescein moiety

Preparation of Lenses.
[0157] Lenses are prepared by cast-molding from the lens formulation prepared above in Example 3 in a reusable
mold (quartz female mold half and glass male mold half), similar to the mold shown in Figs. 1-6 in U.S. patent
Nos.7,384,590 and 7,387,759 (Figs. 1-6). The lens formulation in the molds is irradiated with UV irradition (13.0 mW/cm?2)
for about 24 seconds.
PAA-F coating solution.
[0158] A PAA-F coating solution is prepared by dissolving an amount of PAA-F prepared above in a given volume of

1-PrOH/water (95/5) solvent mixture to have a concentration of about 0.036% by weight and the pH is adjusted with
formic acid to about 2.5. 5% water is used in order to dissolve PAA-F.
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PAA-coated lenses.

[0159] Cast-molded contact lenses are extracted and coated by dipping in the following series of baths: DI water bath
(about 56 seconds); 6 MEK baths (about 44, 56, 56, 56, 56, and 56 second respectively); DI water bath (about 56
seconds); one bath of PAA-F coating solution (about 0.036% by weight, acidified with formic acid to about pH 2.5) in 1-
PrOH/water (95/5) solvent mixture (about 44 seconds); one bath of a water/1-propanol 50%/50% mixture-(about 56
seconds); 4 DI water baths each for about 56 seconds; one PBS bath for about 56 seconds; and one DI water bath for
about 56 seconds.

Application of crosslinked hydrophilic coating.

[0160] Lenses having a PAA-LbL base coating thereon prepared above are placed in polypropylene lens packaging
shells (one lens per shell) with 0.6 mL of the IPC saline prepared according to the procedures described in Example 3
(half of the saline is added prior to inserting the lens). The blisters are then sealed with foil and autoclaved for about 30
minutes at about 121°C, forming SiHy contact lenses with crosslinked coatings (PAA-x-hydrophilic polymeric material)
thereon.

Con-focal laser fluorescent microscopy.

[0161] A cross section of a hydrated SiHy lens with crosslinked coating (prepared above) is cut and placed between
two glass cover slips and the image is collected on a con-focal laser fluorescent microscope (model # Zeiss LSM 510
Vis). It is scanned from the front curve side of the lens to the base curve side of the lens, or vice versa. The presence
of PAA-F is shown by the green fluorescence and con-focal laser fluorescence microscopic images can be obtained.
The examination of the con-focal laser fluorescence microscopic images reveals that the PAA-F rich layer is present on
both lens surfaces (anterior and posterior surfaces) and at the peripheral edge, while no PAA-F is observed in the bulk
material of the hydrated lens.

[0162] The fluorescence intensity profiles are examined across the lens cross section along a line passing through
both the posterior and anterior surfaces and normal to the posterior surface. Figure 3 shows two representative the
fluorescence intensity profiles along two lines across the lens cross section, one at the point where the lens thickness
is about 100 wm (panel A) and the other at the point where the lens thickness is about 200 pwm (panel B). The original
points in Figure 3 are the center points between the anterior and posterior surfaces along the lines. It can be noticed in
Figure 3 that there is a PAA-F-rich layer near the outermost surfaces of the SiHy lens with crosslinked coating, no PAA-
F is present at the bulk of the lens, and the coating thickness is similar on these two cross-sections regardless the
thickness of the cross-sections.

[0163] The thickness of the PAA-F rich layer is estimated from the fluorescence intensity profile shown in Figure 3 by
the distance from zero intensity, after crossing the peak intensity, to zero intensity again. Considering that there are
possible contribution from unknown factors (such as scattering) to the fluorescence intensity, the minimum layer thickness
is the thickness for which a florescent intensity of at least 10% of the maximum peak intensity is retained. Based on
such estimation, the minimum PAA-F-rich layer thickness could be at least about 5 microns.

Claims

1. A method for making contact lenses, preferably silicone hydrogel contact lenses, having nano-textured surfaces,
comprising the steps of:

(1) providing an organic-based coating solution including an organic-based solvent and a polymeric coating
material dissolved in the organic-based solvent, wherein the polymeric coating material comprises multiple first
reactive functional groups and multiple affinity groups or moieties;

(2) contacting a contact lens with the organic-based coating solution to swell the contact lens and form an
intermediary coating of the polymeric coating material on the contact lens, wherein the contact lens comprises,
at and near the surface of the contact lens, monomeric units and/or hydrophobic moieties and/or segments
capable of interacting with the affinity groups or moieties of the polymeric coating material so as to bind the
polymeric coating material, wherein the average molecular weight of the polymeric coating material is selected
to be sufficient high to ensure that the polymeric coating material partially penetrate into the contact lens swollen
by the organic-based solvent (and is preferably at least about 25,000 Daltons, more preferably at least about
50,000 Daltons, even more preferably at least about 75,000 Daltons, most preferably from about 100,000 to
1,000,000 Daltons);
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(3) contacting the swollen contact lens having the intermediary coating thereon with an aqueous solution or
preferably water to shrink the contact lens having the intermediary coating thereon to form a prime coating
having nano-textures on the contact lens; and

(4) fixing the nano-textures in the prime coating by crosslinking a water-soluble and crosslinkable hydrophilic
polymeric material with multiple second functional reactive functional groups onto the prime coating through
the first reactive functional groups to form a crosslinked polymeric coating that perserves the nano-textures of
the prime coating and provides a nano-textured surface to the contact lens, wherein one first reactive functional
reactive group can react with one second reactive functional group in the presence or absence of a coupling
agent to form one crosslinkage between the polymeric coating material and the water-soluble and crosslinkable
hydrophilic polymeric material.

The method of claim 1, wherein the organic-based solvent is a solvent system which consists of one or more organic
solvents and optionally about 30% or less, preferably about 20% or less, more preferably about 15% or less, even
more preferably about 10% or less, in particular about 5% or less by weight of water relative to the weight of the
solvent system, wherein the one or more organic solvents are selected from the group consisting of tripropylene
glycol methyl ether, dipropylene glycol methyl ether, ethylene glycol n-butyl ether, acetone, methyl ethyl ketone,
diethylene glycol n-butyl ether, diethylene glycol methyl ether, ethylene glycol phenyl ether, propylene glycol methyl
ether, propylene glycol methyl ether acetate, dipropylene glycol methyl ether acetate, propylene glycol n-propyl
ether, dipropylene glycol n-propyl ether, tripropylene glycol n-butyl ether, propylene glycol n-butyl ether, dipropylene
glycol n-butyl ether, tripropylene glycol n-butyl ether, propylene glycol phenyl ether dipropylene glycol dimetyl ether,
polyethylene glycols, polypropylene glycols, ethyl acetate, butyl acetate, amyl acetate, methyl lactate, ethyl lactate,
i-propyl lactate, a C4-C45 alcohol, 1-methyl-2-pyrrolidone, N,N-dimethylpropionamide, dimethyl formamide, dimethyl
acetamide, dimethyl propionamide, N-methyl pyrrolidinone, 1,2-propylene glycol, polyethyleneglycol having a mo-
lecular weight of about 200 or less, tetrahydrofuran, methylene chloride, and combinations thereof.

The method of claim 1 or 2, wherein the contact lens is swollen by the organic-based coating solution by at least
about 50%, preferably at least about 75%, more preferably at least about 100%, even more preferably at least about
150%.

The method of claim 1, 2 or 3, wherein the first multiple reactive functional groups are selected from the group
consisting of carboxyl groups, azetidinium group, amino groups, azlactone groups, isocyanate groups, epoxy groups,
aziridine groups, thiol groups, hydroxyl groups, and combinations thereof, more preferably selected from the group
consisting of carboxyl groups, azetidinium groups, amino groups, azlactone groups, isocyanate groups, epoxy
groups, aziridine groups, thiol groups, and combinations thereof, even more preferably selected from the group
consisting of carboxyl groups, azetidinium group, amino groups, epoxy groups, thiol groups, and combinations
thereof, most preferably selected from the group consisting of carboxyl groups, azetidinium group, amino groups,
epoxy groups, thiol groups, and combinations thereof; wherein the affinity groups or moieties are either identical to
or different from the first reactive functional groups and are selected from the group consisting of carboxyl groups,
ammonium groups, hydrophobic moieties, hydrophobic segments, and combinations thereof, preferably selected
from the group consisting of carboxyl groups, ammonium groups, and combination thereof.

The method of any one of claims 1to 4, wherein the polymeric coating material is: (1) ahomopolymer of anammonium-
containing vinylic monomer or a caboxyl-containing vinylic monomer; (2) a copolymer of one or more ammonium-
containing and/or carboxyl-containing vinylic monomers; (3) a copolymer of one or more ammonium-containing
and/or carboxyl-containing vinylic monomers with a non-reactive vinylic monomer selected from the group consisting
of (meth)acrylamide, N,N-dimethyl (meth)acrylamide, N-vinylpyrrolidone (NVP), N,N-dimethylaminoethyl (meth)acr-
ylate, N,N-dimethylaminopropyl (meth)acrylamide, glycerol methacrylate, 3-acryloylamino-1-propanol, N-hydroxye-
thyl acrylamide, N-[tris(hydroxymethyl)methyl]-acrylamide, N-methyl-3-methylene-2-pyrrolidone, 1-ethyl-3-methyl-
ene-2-pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone, 1-ethyl-5-methylene-2-pyrrolidone, 5-methyl-3-methylene-
2-pyrrolidone, 5-ethyl-3-methylene-2-pyrrolidone, 2-hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate,
C4-Cy-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular weight of up to 1500 Daltons,
N-vinyl formamide, N-vinyl acetamide, N-vinyl isopropylamide, N-vinyl-N-methyl acetamide, allyl alcohol, vinyl al-
cohol (hydrolyzed form of vinyl acetate in the copolymer), a phosphorylcholine-containing vinylic monomer, and
combinations thereof and optionally with one or more reactive vinylic monomer having a reactive functional group
selected from the group consisting of azetidinium group, azlactone groups, isocyanate groups, epoxy groups, aziri-
dine groups, and combinations thereof; (4) polyethyleneimine (PEI); (5) polyvinylalcohol with pendant primary and/or
secondary amino groups; (6) a block copolymer including at least one hydrophobic segments (preferably selected
from the group consisting of polydimethylsiloxane, poly(proplene oxide), poly(butylene oxide), a polymer chain or
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segment consisting essentially of at least one of silicone-containing vinylic monomer(s), Cg-C4¢ alkyl (meth)acrylate,
Cg-Cyg alkyl (meth)acrylamide, and combinations thereof) and polymeric segments having reactive functional groups
selected from the group consisting of azetidinium group, azlactone groups, isocyanate groups, epoxy groups, aziri-
dine groups, thiol groups, and combinations thereof; or (7) a combination thereof.

The method of any one of claims 1 to 5, wherein the polymeric coating material is a polymer or copolymer comprising
at least about 70% by mole, preferably at least about 80% by mole, more preferably at least about 90% by mole,
even more preferably at least about 95% by mole of monomeric units of one or more carboxyl-containing vinylic
monomers, wherein the one or more carboxyl-containing vinylic monomers are selected from the group consisting
of acrylic acid, a C4-C, alkylacrylic acid (e.g., methacrylic acid, ethylacrylic acid, propylacrylic acid, butylacrylic acid),
N,N-2-acrylamidoglycolic acid, beta methyl-acrylic acid (crotonic acid), alpha-phenyl acrylic acid, beta-acryloxy pro-
pionic acid, sorbic acid, angelic acid, cinnamic acid, 1-carobxy-4-phenyl butadiene-1,3, itaconic acid, citraconic acid,
mesaconic acid, glutaconic acid, aconitic acid, maleic acid, fumaric acid, and combination thereof.

The method of claim 6, wherein the polymeric coating material is: a linear or branched polyacrylic acid; a linear or
branched polymethacrylic acid; a linear or branched poly(acrylic acid-co-acrylamide) having at least about 70% by
mole, preferably at least about 80% by mole, more preferably at least about 90% by mole, even more preferably at
least about 95% by mole of acrylic acid; a linear or branched poly(methacrylic acid-co-acrylamide) having at least
about 70% by mole, preferably at least about 80% by mole, more preferably at least about 90% by mole, even more
preferably at least about 95% by mole of methacrylic acid; a linear or branched poly(acrylic acid-co-vinylpyrrolidone)
having at least about 70% by mole, preferably at least about 80% by mole, more preferably at least about 90% by
mole, even more preferably at least about 95% by mole of acrylic acid; a linear or branched poly(methacrylic acid-
co-vinylpyrrolidone) having at least about 70% by mole, preferably at least about 80% by mole, more preferably at
least about 90% by mole, even more preferably at least about 95% by mole of methacrylic acid.

The method of any one of claims 1 to 7, wherein the contact lens is a silicone hydrogel contact lens obtained by
polymerization of a lens formulation comprising at least one components selected from the group consisting of a
silicone-containing vinylic monomer, a silicone-containing vinylic macromer, a silicone-containing prepolymer, a
hydrophilic vinylic monomer, a hydrophobic vinylic monomer, a crosslinking agent, a free-radical initiator (photoin-
itiator or thermal initiator), a hydrophilic vinylic macromer/prepolymer, a UV-absorbing agent, a visibility tinting agent
(e.g., dyes, pigments, or mixtures thereof), antimicrobial agents (e.g., preferably silver nanoparticles), a bioactive
agent, a leachable lubricant, a leachable tear-stabilizing agent, and combination thereof.

The method of any one of claims 1 to 8, wherein the second reactive functional groups of a water-soluble and
crosslinkable hydrophilic polymeric material are: carboxyl groups, azetidinium group, amino groups, azlactone
groups, isocyanate groups, epoxy groups, aziridine groups, hydroxyl groups, thiol groups, or combinations thereof;
preferably carboxyl groups, azetidinium groups, amino groups, azlactone groups, isocyanate groups, epoxy groups,
aziridine groups, thiol groups, or combinations thereof; more preferably carboxyl groups, azetidinium group, amino
groups, epoxy groups, thiol groups, or combinations thereof; even more preferably azetidinium group, epoxy groups,
or combinations thereof, provided that one second reactive functional group can react in a coupling reaction with
one first reactive functional group of the polymeric coating material in the presence or preferably absence of a
coupling agent to form a crosslinkage.

The method of any one of claims 1 to 9, wherein the second reactive functional groups are thermally-crosslinkable
groups, more preferably azetidinium groups and/or epoxy groups, even more preferably azetidinium groups.

The method of any one of claims 1 to 10, wherein the water-soluble and crosslinkable hydrophilic polymeric material
is a partially-crosslinked hydrophilic polymeric material that comprises a three-dimensional network and the second
reactive functional groups within the network.

The method of any one of claims 1 to 11, wherein the water-soluble and crosslinkable hydrophilic polymeric material
comprises: (i) from about 20% to about 95%, preferably from about 35% to about 90%, more preferably from about
50% to about 85%, by weight of first polymer chains derived from an epichlorohydrin-functionalized polyamine or
polyamidoamine, (ii) from about 5% to about 80%, preferably from about 10% to about 65%, even more preferably
from about 15% to about 50%, by weight of hydrophilic moieties or second polymer chains derived from at least
one hydrophilicity-enhancing agent having at least one reactive functional group selected from the group consisting
of amino group, carboxyl group, thiol group, and combination thereof, wherein the hydrophilic moieties or second
polymer chains are covalently attached to the first polymer chains through one or more covalent linkages each

27



10

15

20

25

30

35

40

45

50

55

13.

14.

15.

16.

EP 2718 751 B1

formed between one azetitdinium group of the epichlorohydrin-functionalized polyamine or polyamidoamine and
one amino, carboxyl or thiol group of the hydrophilicity-enhancing agent, and (iii) azetidinium groups which are parts
of the first polymer chains or pendant or terminal groups covalently attached to the first polymer chains.

The method of claim 12, wherein the hydrophilicity-enhancing agent is: an amino-, carboxyl- or thiol-containing
monosaccharide (e.g., 3-amino-1,2-propanediol, 1-thiolglycerol, 5-keto-D-gluconic acid, galactosamine, glu-
cosamine, galacturonic acid, gluconic acid, glucosaminic acid, mannosamine, saccharic acid 1,4-lactone, saccharide
acid, Ketodeoxynonulosonic acid, N-methyl-D-glucamine, 1-amino-1-deoxy-f3-D-galactose, 1-amino-1-deoxysorbi-
tol, 1-methylamino-1-deoxysorbitol, N-aminoethyl gluconamide); an amino-, carboxyl- or thiol-containing disaccha-
ride (e.g., chondroitin disaccharide sodium salt, di(3-D-xylopyranosyl)amine, digalacturonic acid, heparin disaccha-
ride, hyaluronic acid disaccharide, Lactobionic acid); an amino-, carboxyl- or thiol-containing oligosaccharide (e.g.,
carboxymethyl-f-cyclodextrin sodium salt, trigalacturonic acid); or a combinations thereof.

The method of claim 12, wherein the hydrophilicity-enhancing agent is: carboxymethylcellulose having a carboxyl
content of about 40% or less which is estimated based on the composition of repeating units,
-[CeH10-mQC5(CHoCO5H) ,I- in which mis 1 to 3); carboxyethylcellulose having a carboxyl content of about 36% or
less which is estimated based on the composition of repeating units, -[CgH4¢.,,05(CoH,CO,H) - in which m is 1
to 3; carboxypropylcellulose having a carboxyl content of about 32% or less which is estimated based on the
composition of repeating units, -[CgH1_,,05(C3HgCO,H),I-, in which m is 1 to 3; hyaluronic acid having a carboxyl
content of about 11 % which is estimated based on the composition of repeating units, -(C43H,00gNCO,H)-); chon-
droitin sulfate having a carboxyl content of about 9.8% which is estimated based on the composition of repeating
units, -(C15H1013NS CO,H)-); or a combination thereof.

The method of claim 12, wherein the hydrophilicity-enhancing agent is: PEG-NH,; PEG-SH; PEG-COOH; H,N-
PEG-NH,; HOOC-PEG-COOH; HS-PEG-SH; H,N-PEG-COOH; HOOC-PEG-SH; HyN-PEG-SH; multi-arm PEG
with one or more amino, carboxyl or thiol groups; PEG dendrimers with one or more amino, carboxyl or thiol groups;
a monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated homo- or copolymer of a non-reactive hydrophilic
vinylic monomer selected from the group consisting of acryamide (AAm), N,N-dimethylacrylamide (DMA), N-vi-
nylpyrrolidone (NVP), N-vinyl-N-methyl acetamide, glycerol (meth)acrylate, hydroxyethyl (meth)acrylate, N-hydrox-
yethyl (meth)acrylamide, C4-C,-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular weight
of up to 400 Daltons, vinyl alcohol, N-methyl-3-methylene-2-pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone, 5-
methyl-3-methylene-2-pyrrolidone, N,N-dimethylaminoethyl (meth)acrylate, N,N-dimethylaminopropyl (metha)cry-
lamide, (meth)acryloyloxyethyl phosphorylcholine, and combinations thereof; a copolymer which is a polymerization
product of a composition comprising (1) from about 0.1% to about 30%, preferably from about 0.5% to about 20%,
more preferably from about 1 % to about 15%, by weight of (meth)acrylic acid, allylamine and/or amino-C,-C, alkyl
(meth)acrylate, and (2) at least one non-reactive hydrophilic vinyllic monomer selected from the group consisting
of acryamide, N,N-dimethylacrylamide, N-vinylpyrrolidone, (meth)acryloyloxyethyl phosphorylcholine, N-vinyl-N-
methyl acetamide, glycerol (meth)acrylate, hydroxyethyl (meth)acrylate, N-hydroxyethyl (meth)acrylamide,
C-C4-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular weight of up to 400 Daltons,
vinyl alcohol, and a combination thereof; or a combination thereof.

The method of claim 12, wherein the hydrophilicity-enhancing agent is: PEG-NH,; PEG-SH; PEG-COOH; monoam-
ino-, monocarboxyl-, diamino- or dicarboxyl-terminated polyvinylpyrrolidone; monoamino-, monocarboxyl-, diamino-
or dicarboxyl-terminated polyacrylamide; monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated po-
ly(DMA); monoamino- or monocarboxyl-, diamino-ordicarboxyl-terminated poly(DMA-co-NVP); monoamino-, mono-
carboxyl-, diamino- or dicarboxyl-terminated poly(NVP-co-N,N-dimethylaminoethyl (meth)acrylate)); monoamino-,
monocarboxyl-, diamino- or dicarboxyl-terminated poly(vinylalcohol); monoamino-, monocarboxyl-, diamino- or di-
carboxyl-terminated poly[(meth)acryloyloxyethyl phosphrylcholine] homopolymer or copolymer; monoamino-, mono-
carboxyl-, diamino- or dicarboxyl-terminated poly(NVP-co-vinyl alcohol); monoamino-, monocarboxyl-, diamino- or
dicarboxyl-terminated poly(DMA-co-vinyl alcohol); poly[(meth)acrylic acid-co-acrylamide] with from about 0.1 % to
about 30%, preferably from about 0.5% to about 20%, more preferably from about 1 % to about 15%, by weight of
(meth)acrylic acid; poly[(meth)acrylic acid-co-NVP) with from about 0.1 % to about 30%, preferably from about 0.5%
to about 20%, more preferably from about 1% to about 15%, by weight of (meth)acrylic acid; a copolymer which is
a polymerization product of a composition comprising (1) (meth)acryloyloxyethyl phosphorylcholine and (2) from
about 0.1% to about 30%, preferably from about 0.5% to about 20%, more preferably from about 1% to about 15%,
by weight of (meth)acrylic acid, allylamine and/or amino-C,-C,alkyl (meth)acrylate; and combination thereof; or a
combination thereof.
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The method of any one of claims 1 to 16, wherein the step of fixing the nano-textures in the prime coating is performed
by autoclaving the contact lens that comprises the prime coating including nano-textures and is immersed in a
packaging solution including the water-soluble crosslinkabe hydrophilic polymeric material in a sealed lens package
at a temperature of from about 118°C to about 125°C for approximately 20-90 minutes, wherein the second reactive
functional groups of the water-soluble crosslinkabe hydrophilic polymeric material are azetidinium groups and/or
epoxy groups.

A silicone hydrogel contact lens obtained according to a method of any one of claims 1 to 17, wherein the silicone
hydrogel contact lens comprises a silicone hydrogel lens body and a non-silicone hydrogel coating thereon, wherein
the coating comprises winkle surface patterns (nano-textures) having aroughness (i.e., an arithmetical mean rough-
ness, Ra) of from about 5 nm to about 600 nm, preferably from about 10 nm to about 400 nm, even more preferably
from about 15 nm to about 200 nm, even more preferably from about 20 nm to about 100 nm.

The silicone hydrogel contact lens of claim 18, wherein the silicone hydrogel contact lens has at least one of properties
selected from the group consisting of (1) a surface hydrophilicity/wettability characterized by having an averaged
water contact angle of preferably about 90 degrees or less, more preferably about 80 degrees or less, even more
preferably about 70 degrees or less, most preferably about 60 degrees or less; (2) an oxygen transmissibility of at
least about 50, preferably at least about 70, more preferably at least about 80, even more preferably at least about
90 barrers/mm; (3) an elastic modulus of about 1.5 MPa or less, preferably about 1.2 MPa or less, more preferably
about 1.0 or less, even more preferably from about 0.3 MPa to about 1.0 MPa; (4) a water content of preferably
from about 18% to about 70%, more preferably from about 20% to about 60% by weight when fully hydrated; and
(5) combinations thereof.

20. Thesilicone hydrogel contact lens of claim 19, wherein the coating comprises worm-like patterns having a roughness
(i.e., an arithmetical mean roughness, Ra) of from about 5 nm to about 600 nm, preferably from about 10 nm to
about 400 nm, even more preferably from about 15 nm to about 200 nm, even more preferably from about 20 nm
to about 100 nm.

Patentanspriiche

1. Verfahrenzur Herstellung von Kontaktlinsen, vorzugsweise Silikonhydrogelkontaktlinsen, mit nanotexturierten Ober-

flachen, umfassend die Schritte:

(1) Bereitstellen einer Beschichtungslosung auf organischer Basis, umfassend ein Losungsmittel auf organi-
scher Basis und ein polymeres Beschichtungsmaterial, das in dem Lésungsmittel auf organischer Basis gelost
ist, worin das polymere Beschichtungsmaterial mehrere erste reaktive funktionelle Gruppen und mehrere Affi-
nitatsgruppen oder -reste umfasst;

(2) In-Kontakt-bringen einer Kontaktlinse mit der Beschichtungslésung auf organischer Basis, um die Kontakt-
linse quellen zu lassen und eine Zwischenbeschichtung aus dem polymeren Beschichtungsmaterial auf der
Kontaktlinse zu bilden, worin die Kontaktlinse an oder nahe der Oberflache der Kontaktlinse monomere Einheiten
und/oder hydrophobe Reste und/oder Segmente umfasst, die mit den Affinitatsgruppen oder -resten des poly-
meren Beschichtungsmaterials wechselwirken kdnnen, um das polymere Beschichtungsmaterial zu binden,
worin das mittlere Molekulargewicht des polymeren Beschichtungsmaterials so ausgewahlt wird, dass es aus-
reichend hoch ist, um sicherzustellen, dass das polymere Beschichtungsmaterial teilweise in die Kontaktlinse,
die durch das Losungsmittel auf organischer Basis aufgequollen wird, eindringt (und wobei es vorzugsweise
mindestens etwa 25000 Dalton, mehr bevorzugt mindestens etwa 50000 Dalton, noch mehr bevorzugt mindes-
tens etwa 75000 Dalton, am meisten bevorzugt von etwa 100000 bis 1000000 Dalton ist);

(3) In-Kontakt-bringen der gequollenen Kontaktlinse mit der Zwischenbeschichtung darauf mit einer wassrigen
Lésung oder vorzugsweise Wasser, um die Kontaktlinse mit der Zwischenbeschichtung darauf einzuschrump-
fen, um eine erste Beschichtung mit Nanotexturen auf der Kontaktlinse zu bilden; und

(4) Fixieren der Nanotexturen in der ersten Beschichtung durch Quervernetzen eines wasserléslichen und
quervernetzbaren hydrophilen polymeren Materials mit mehreren zweiten funktionellen reaktiven funktionellen
Gruppen auf der ersten Beschichtung durch die ersten reaktiven funktionellen Gruppen, um eine quervernetzte
polymere Beschichtung zu bilden, die die Nanotexturen der ersten Beschichtung beibehalt und eine nanotex-
turierte Oberflache fur die Kontaktlinse bereitstellt, worin eine erste reaktive funktionelle Gruppe mit einer zweiten
reaktiven funktionellen Gruppe in der Gegenwart oder Abwesenheit eines Kopplungsmittels reagieren kann,
um eine Quervernetzung zwischen dem polymeren Beschichtungsmaterial und dem wasserldslichen und quer-
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vernetzbaren hydrophilen polymeren Material zu bilden.

Verfahren nach Anspruch 1, worin das Losungsmittel auf organischer Basis ein Lésungsmittelsystem ist, das aus
einem oder mehreren organischen Losungsmitteln, und optional etwa 30 % oder weniger, vorzugsweise etwa 20
% oder weniger, mehr bevorzugt etwa 15 % oder weniger, noch mehr bevorzugt etwa 10 % oder weniger, insbe-
sondere etwa 5 % oder weniger bezlglich des Gewichts Wasser relativ zu dem Gewicht des Lésungsmittelsystems
besteht, worin das eine oder die mehreren organischen Lésungsmittel ausgewahlt werden aus der Gruppe, beste-
hend aus Tripropylenglykolmethylether, Dipropylenglykolmethylether, Ethylenglykol-n-butylether, Aceton, Methyle-
thylketon, Diethylenglykol-n-butylether, Diethylenglykolmethylether, Ethylenglykolphenylether, Propylenglykolme-
thylether, Propylenglykolmethyletheracetat, Dipropylenglykolmethyletheracetat, Propylenglykol-n-propylether, Di-
propylenglykol-n-propylether, Tripropylenglykol-n-butylether, Propylenglykol-n-butylether, Dipropylenglykol-n-buty-
lether, Tripropylenglykol-n-butylether, Propylenglykolphenylether, Dipropylenglykoldimethylether, Polyethylenglyko-
le, Polypropylenglykole, Ethylacetat, Butylacetat, Amylacetat, Methyllactat, Ethyllactat, i-Propyllactat, ein C4-C4,-Al-
kohol, 1-Methyl-2-Pyrrolidon, N,N-Dimethylpropionamid, Dimethylformamid, Dimethylacetamid, Diemethylpropion-
amid, N-Methyl-pyrrolidinon, 1,2-Propylenglykol, Polyethylenglykol mit einem Molekulargewicht von etwa 200 oder
weniger, Tetrahydrofuran, Methylenchlorid und Kombinationen davon.

Verfahren nach Anspruch 1 oder 2, worin die Kontaktlinse durch die Beschichtungslésung auf organischer Basis
um mindestens etwa 50 %, vorzugsweise mindestens etwa 75 %, mehr bevorzugt mindestens etwa 100 Prozent,
noch mehr bevorzugt mindestens etwa 150 % gequollen wird.

Verfahren nach Anspruch 1, 2 oder 3, worin die ersten mehreren reaktiven funktionellen Gruppen ausgewahlt werden
aus der Gruppe, bestehend aus Carboxylgruppen, Azetidiniumgruppen, Aminogruppen, Azlactongruppen, Isocya-
natgruppen, Epoxygruppen, Aziridingruppe, Thiolgruppen, Hydroxylgruppen und Kombinationen davon, mehr be-
vorzugt ausgewahlt werden aus der Gruppe, bestehend aus Carboxylgruppen, Azetidiniumgruppen, Aminogruppen,
Azlactongruppen, Isocyanatgruppen, Epoxygruppen, Aziridingruppen, Thiolgruppen und Kombinationen davon,
noch mehr bevorzugt ausgewahlt werden aus der Gruppe, bestehend aus Carboxylgruppen, Azetidiniumgruppe,
Aminogruppen, Epoxygruppen, Thiolgruppen und Kombinationen davon, am meisten bevorzugt ausgewahlt werden
ausder Gruppe, bestehend aus Carboxylgruppen, Azetidiniumgruppe, Aminogruppen, Epoxygruppen, Thiolgruppen
und Kombinationen davon, worin die Affinitatsgruppen oder -reste entweder identisch sind mit oder verschieden
sind von den ersten reaktiven funktionellen Gruppen, und ausgewahlt werden aus der Gruppe, bestehend aus
Carboxylgruppen, Ammoniumgruppen, hydrophoben Resten, hydrophoben Segmenten und Kombinationen davon,
vorzugsweise ausgewahlt werden aus der Gruppe, bestehend aus Carboxylgruppen, Ammoniumgruppen und Kom-
binationen davon.

Verfahren nach einem der Anspriiche 1 bis 4, worin das polymere Beschichtungsmaterial ist: (1) ein Homopolymer
von einem Ammonium-enthaltenden Vinylmonomer oder einem Carboxyl-enthaltenden Vinylmonomer; (2) ein Co-
polymer von einem oder mehreren Ammonium-enthaltenden und/oder Carboxyl-enthaltenden Vinylmonomeren; (3)
ein Copolymer von einem oder mehreren Ammonium-enthaltenden und/oder Carboxyl-enthaltenden Vinylmono-
meren mit einem nichtreaktiven Vinylmonomer, ausgewahlt aus der Gruppe, bestehend aus (Meth)acrylamid, N,N-
Dimethyl(meth)acrylamid, N-Vinylpyrrolidon (NVP), N,N-Dimethylaminoethyl-(meth)acrylat, N,N-Dimethylaminop-
ropyl(meth)acrylamid, Glycerolmeth-acrylat, 3-Acryloylamino-1-propanol, N-Hydroxyethylacrylamid, N-[tris-(Hydro-
xymethyl)methyl]-acrylamid, N-Methyl-3-methylen-2-pyrrolidon, 1-Ethyl-3-methylen-2-pyrrolidon, 1-Methyl-5-me-
thylen-2-pyrrolidon, 1-Ethyl-5-methylen-2-pyrrolidon, 5-Methyl-3-methylen-2-pyrrolidon, 5-Ethyl-3-methylen-2-pyr-
rolidon, 2-Hydroxyethyl(meth)acrylat, Hydroxypropyl(meth)acrylat, C4-C,-Alkoxypolyethylenglykol(meth)acrylat mit
einem Molekulargewicht im Gewichtsmittel von bis zu 1500 Dalton, N-Vinylformamid, N-Vinyl-acetamid, N-Vinyliso-
propylamid, N-Vinyl-N-methylacetamid, Allylalkohol, Vinylalkohol (hydrolysierte Form von Vinylacetat in dem Co-
polymer), ein Phosphorylcholin-enthaltendes Vinylmonomer und Kombinationen davon und optional mit einem oder
mehreren reaktiven Vinylmonomeren mit einer reaktiven funktionellen Gruppe, ausgewahlt aus der Gruppe beste-
hend aus Azetidiniumgruppe, Azlactongruppen, Isocyanatgruppen, Epoxygruppen, Aziridingruppen und Kombina-
tionen davon; (4) Polyethylenimin (PEI); (5) Polyvinylalkohol mit anhangenden primaren und/oder sekundaren Ami-
nogruppen; (6) ein Blockcopolymer, umfassend mindestens ein hydrophobes Segment (vorzugsweise ausgewahlt
aus der Gruppe, bestehend aus Polydimethylsiloxan, Poly(propylenoxid), Poly(butylenoxid), einer Polymerkette
oder einem Segment, bestehend im Wesentlichen aus mindestens einem Silikon-enthaltenden Vinylmonomeren,
Cg-Cg-Alkyl(meth)acrylat, Cg-C4g-Alkyl(meth)acrylamid und Kombinationen davon) und polymere Segmente mit
reaktiven funktionellen Gruppen, ausgewahlt aus der Gruppe, bestehend aus Azetidiniumgruppe, Azlactongruppen,
Isocyanatgruppen, Epoxygruppen, Aziridingruppen, Thiolgruppen und Kombinationen davon; oder (7) eine Kombi-
nation davon.
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Verfahren nach einem der Anspriiche 1 bis 5, worin das polymere Beschichtungsmaterial ein Polymer oder Copo-
lymer ist, umfassend mindestens etwa 70 Mol-%, vorzugsweise mindestens etwa 80 Mol-%, mehr bevorzugt min-
destens etwa 90 Mol-%, noch mehr bevorzugt mindestens etwa 95 Mol.-% Monomereinheiten aus einem oder
mehreren Carboxyl-enthaltenden Vinylmonomeren, worin das eine oder die mehreren Carboxyl-enthaltenden Vi-
nylmonomere ausgewéhlt werden aus der Gruppe, bestehend aus Acrylséure, einer C,-C4-Alkylacrylsaure (z.B.
Methacrylsaure, Ethylacrylsaure, Propylacrylsaure, Butylacrylsaure), N,N-2-Acrylamido-glykolsaure, beta-Methyl-
acrylsaure (Crotonsaure), alpha-Phenylacrylsaure, beta-Acryloxypropionsaure, Sorbinsaure, Angelicasaure, Zimt-
saure, 1-Carboxy-4-phenyl-1,3-butadien, ltaconsaure, Citraconsaure, Mesaconsaure, Glutaconsaure, Aconitsaure,
Maleinsaure, Fumarsaure und Kombinationen davon.

Verfahren nach Anspruch 6, worin das polymere Beschichtungsmaterial ist: eine lineare oder verzweigte Polyac-
rylsaure; eine lineare oder verzweigte Polymethacrylsaure; ein lineares oder verzweigtes Poly(acrylsaure-co-acryl-
amid) mit mindestens etwa 70 Mol-%, vorzugsweise mindestens etwa 80 Mol-%, mehr bevorzugt mindestens etwa
90 Mol-%, noch mehr bevorzugt mindestens etwa 95 Mol-% Acrylsaure; ein lineares oder verzweigtes Poly(me-
thacrylsdure-co-acrylamid) mit mindestens etwa 70 Mol-%, vorzugsweise mindestens etwa 80 Mol-%, mehr bevor-
zugt mindestens etwa 90 Mol-%, noch mehr bevorzugt mindestens etwa 95 Mol-% Methacrylsaure; ein lineares
oder verzweigtes Poly(acrylsaure-co-vinylpyrrolidon) mit mindestens etwa 70 Mol-%, vorzugsweise mindestens
etwa 80 Mol-%, mehr bevorzugt mindestens etwa 90 Mol-%, noch mehr bevorzugt mindestens etwa 95 Mol-%
Acrylsaure; ein lineares oder verzweigtes Poly(methacrylsaure-co-vinylpyrrolidon) mit mindestens etwa 70 Mol-%,
vorzugsweise mindestens etwa 80 Mol-%, mehr bevorzugt mindestens etwa 90 Mol-%, noch mehr bevorzugt min-
destens etwa 95 Mol-% Methacrylsaure.

Verfahren nach einem der Anspriiche 1 bis 7, worin die Kontaktlinse eine Silikonhydrogelkontaktlinse ist, erhalten
durch Polymerisation einer Linsenformulierung, umfassend mindestens eine Komponente, ausgewahlt aus der
Gruppe, bestehend aus Silikon-enthaltendem Vinylmonomer, einem Silikon-enthaltendem Vinylmakromer, einem
Silikon-enthaltendem Prapolymer, einem hydrophilen Vinylmonomer, einem hydrophoben Vinylmonomer, einem
Quervernetzungsmittel, einem freies- Radikal-Initiator (Photoinitiator oder thermischer Initiator), einem hydrophilen
VinylMakromer/Prapolymer, einem UV-Absorptionsmittel, einem Sichttonungsmittel (z.B. Farbstoffe, Pigmente oder
Gemische davon), antimikrobiellen Mitteln (z.B. vorzugsweise Silber-Nanoteilchen), einem bioaktiven Mittel, einem
auslaugbaren Gleitmittel, einem auslaugbaren VerschleiRfestigkeitsmittel und Kombinationen davon.

Verfahren nach einem der Anspriiche 1 bis 8, worin die zweiten reaktiven funktionellen Gruppen aus einem was-
serldslichen und quervernetzbaren hydrophilen Polymermaterial sind: Carboxylgruppen, Azetidiniumgruppe, Ami-
nogruppen, Azlactongruppen, Isocyanatgruppen, Epoxygruppen, Aziridingruppen, Hydroxylgruppen, Thiolgruppen
oder Kombinationen davon, vorzugsweise Carboxylgruppen, Azetidiniumgruppen, Aminogruppen, Azlactongrup-
pen, Isocyanatgruppen, Epoxygruppen, Aziridingruppen, Thiolgruppen oder Kombinationen davon, mehr bevorzugt
Carboxylgruppen, Azetidiniumgruppe, Aminogruppen, Epoxygruppen, Thiolgruppen oder Kombinationen davon,
noch mehr bevorzugt Azetidiniumgruppe, Epoxygruppen oder Kombinationen davon, mit der MaRgabe, dass eine
zweite reaktive funktionelle Gruppe in einer Kopplungsreaktion mit einer ersten reaktiven funktionellen Gruppe des
polymeren Beschichtungsmaterials in der Gegenwartoder vorzugsweise in der Abwesenheit eines Kopplungsmittels
reagieren kann, um eine Quervernetzung zu bilden.

Verfahren nach einem der Anspriiche 1 bis 9, worin die zweiten reaktiven funktionellen Gruppen thermisch quer-
vernetzbare Gruppen sind, mehr bevorzugt Azetidiniumgruppen und/oder Epoxygruppen, noch mehr bevorzugt
Azetidiniumgruppen sind.

Verfahren nach einem der Anspriiche 1 bis 10, worin das wasserldsliche und quervernetzbare hydrophile polymere
Material ein teilweise quervernetztes hydrophiles polymeres Material ist, das ein dreidimensionales Netz-werk und
die zweiten reaktiven funktionellen Gruppen in dem Netzwerk umfasst.

Verfahren nach einem der Anspriiche 1 bis 11, worin das wasserldsliche und quervernetzbare hydrophile polymere
Material umfasst: (i) von etwa 20 % bis etwa 95 %, vorzugsweise von etwa 35 % bis etwa 90 %, mehr bevorzugt
von etwa 50 % bis etwa 85 % bezliglich des Gewichts der ersten Polymerketten, die von Epichlorhydrin-funktiona-
lisiertem Polyamin oder Polyamidoamin abgeleitet sind, (ii) von etwa 5 % bis etwa 80 %, vorzugsweise von etwa
10 % bis etwa 65 %, noch mehr bevorzugt von etwa 15 % bis etwa 50 % bezuglich des Gewichts der hydrophilen
Reste oder zweiten Polymerketten, die abgeleitet sind von mindestens einem Hydrophilie-verstarkenden Mittel mit
mindestens einer reaktiven funktionellen Gruppe, ausgewahlt aus der Gruppe, bestehend aus Aminogruppe, Car-
boxylgruppe, Thiolgruppe und Kombinationen davon, worin die hydrophilen Reste oder zweiten Polymerketten
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kovalent gebunden werden an die ersten Polymerketten durch eine oder mehrere kovalente Bindungen, jeweils
gebildet zwischen einer Azetidiniumgruppe des Epichlorhydrin-funktionalisierten Polyamins oder Polyamidoamins
und einer Amino-, Carboxyl- oder Thiolgruppe des Hydrophilie-verstarkenden Mittels, und (iii) Azetidiniumgruppen,
die Teile der ersten Polymerketten sind oder anhangige oder terminale Gruppen, die kovalent an die ersten Poly-
merketten gebunden sind.

Verfahren nach Anspruch 12, worin das Hydrophilie-verstarkende Mittel ist: ein Amino-, Carboxyl- oder Thiol-ent-
haltendes Monosaccharid (z.B. 3-Amino-1,2-propandiol, 1-Thioglycerol, 5-Keto-D-gluconsaure, Galactosamin, Glu-
cosamin, Galacturonsaure, Gluconsaure, Glucosaminsaure, Mannosamin, Saccharinsaure-1,4-lacton, Saccharin-
saure, Ketodeoxynonulosonsaure, N-Methyl-D-glucamin, 1-Amino-1-deoxy-R-D-galactose, 1-Amino-1-deoxysorbi-
tol, 1-Methylamino-1-deoxysorbitol, N-aminoethylgluconamid); ein Amino-, Carboxyl- oder Thiol-enthaltendes Di-
saccharid (z.B. Chondroitindisaccharid-Natriumsalz, di(R-D-Xylopyranosyl)amin, Digalacturonsaure, Heparin-disac-
charid, Hyaluronsauredisaccharid, Lactobionsaure); ein Amino-, Carboxyl- oder Thiol-enthaltendes Oligosaccharid
(z.B. Carboxymethyl-cyclodextrin-Natriumsalz, Trigalacturonsaure); oder Kombinationen davon.

Verfahren nach Anspruch 12, worin das Hydrophilie-verstarkende Mittel ist: Carboxymethylcellulose mit einem
Carboxylgehalt von etwa 40 % oder weniger, der abgeschatzt wird, basierend auf der Zusammensetzung sich
wiederholender Einheiten, -[CgH 4.,,O5(CH,COLH) J-, worin m 1 bis 3 ist; Carboxyethylcellulose mit einem Carb-
oxylgehalt von etwa 36 % oder weniger, der abgeschatzt wird, basierend auf der Zusammensetzung sich wieder-
holender Einheiten, -[CgH10.,O5(CoH4CO,H), -, worin m 1 bis 3 ist; Carboxypropylcellulose mit einem Carboxyl-
gehaltvon etwa 32 % oder weniger, der abgeschétzt wird, basierend auf der Zusammensetzung sich wiederholender
Einheiten, -[CgH40.mO5(C3HgCO5H) -, worin m 1 bis 3 ist; Hyaluronsdure mit einem Carboxylgehalt von etwa 11
%, der abgeschatzt wird, basierend auf der Zusammensetzung sich wiederholender Einheiten, -(C3H,00gNCO,H)-;
Chondroitinsulfat mit einem Carboxylgehalt von etwa 9,8 %, der abgeschatzt wird, basierend auf der Zusammen-
setzung von sich wiederholenden Einheiten, -(C415,H18013NSCO,H)-; oder eine Kombination davon.

Verfahren nach Anspruch 12, worin das Hydrophilie-verstarkende Mittel ist: PEG-NH,; PEG-SH; PEG-COOH; HyN-
PEG-NH,; HOOC-PEG-COOH; HS-PEG-SH; H,N-PEG-COOH; HOOC-PEG-SH; H,N-PEG-SH; mehrarmiges PEG
mit einer oder mehreren Amino-, Carboxyl- oder Thiolgruppen; PEG-Dendrimere mit einer oder mehreren Amino-,
Carboxyl- oder Thiolgruppen; ein Monoamino-, Monocarboxyl-, Diamino- oder Dicarboxyl-terminiertes Homo- oder
Copolymer eines nichtreaktiven hydrophilen Vinylmonomers, ausgewahlt aus der Gruppe, bestehend aus Acrylamid
(AAm), N,N-Dimethylacrylamid (DMA), N-Vinylpyrrolidon (NVP), N-Vinyl-N-methylacetamid, Glycerol(meth)acrylat,
Hydroxyethyl(meth)acrylat, N-Hydroxyethyl(meth)acrylamid, C;-C,-Alkoxypolyethylenglykol(meth)acrylat mit ei-
nem Molekulargewicht im Gewichtsmittel von bis zu 400 Dalton, Vinylalkohol, N-Methyl-3-methylen-2-pyrrolidon,
1-Methyl-5-methylen-2-pyrrolidon, 5-Methyl-3-methylen-2-pyrrolidon, N,N-Dimethylaminoethyl-(meth)acrylat, N,N-
Dimethylaminopropyl(meth)acrylamid, (Meth)acryloyloxyethyl-phosphorylcholin und Kombinationen davon; ein Co-
polymer, das ein Polymerisationsprodukt einer Zusammensetzung ist, umfassend (1) von etwa 0,1 % bis etwa 30
%, vorzugsweise von etwa 0,5 % bis etwa 20 %, mehr bevorzugt von etwa 1 % bis etwa 15 % bezlglich des Gewichts
(Meth)-acrylsaure, Allylamin und/oder Amino-C,-Cy4-Alkyl(meth)acrylat, und (2) mindestens ein nichtreaktives hy-
drophiles Vinylmonomer, ausgewahlt aus der Gruppe, bestehend aus Acrylamid, N,N-Dimethylacrylamid, N-Vinyl-
pyrrolidon, (Meth)acryloyloxyethylphosphorylcholin, N-Vinyl-N-methyl-acetamid, Glycerol(meth)acrylat, Hydroxye-
thyl(meth)acrylat, N-Hydroxy-ethyl(meth)acrylamid, C,-C4-Alkoxypolyethylenglykol(meth)acrylat mit einem Moleku-
largewichtim Gewichtsmittel von bis zu 400 Dalton, Vinylalkohol und eine Kombination davon; oder eine Kombination
davon.

Verfahren nach Anspruch 12, worin das Hydrophilie-verstarkende Mittel ist: PEG-NH,; PEG-SH; PEG-COOH, Mo-
noamino-, Monocarboxyl-, Diamino- oder Dicarboxyl-terminiertes Polyvinylpyrrolidon; Monoamino-, Monocarboxyl-,
Diamino- oder Dicarboxyl-terminiertes Polyacrylamid; Monoamino-, Monocarboxyl-, Diamino- oder Dicarboxyl-ter-
miniertes Poly(DMA); Monoamino-, Monocarboxyl-, Diamino- oder Dicarboxyl-terminiertes Poly(DMA-co-NVP); Mo-
noamino-, Monocarboxyl-, Diamino- oder Dicarboxyl-terminiertes Poly(NVP-co-N,N-dimethylaminoe-
thyl(meth)acrylat)); Monoamino-, Monocarboxyl-, Diamino- oder Dicarboxyl-terminierter Polyvinylalkohol; Monoa-
mino-, Monocarboxyl-, Diamino- oder Dicarboxyl-terminiertes Poly[(meth)-acryloyloxyethylphosphorylcholin]-homo-
polymer oder -copolymer; Monoamino-, Monocarboxyl-, Diamino- oder Dicarboxyl-terminierter Poly(NVP-co-vinyl-
alkohol); Monoamino-, Monocarboxyl-, Diamino- oder Dicarboxyl-terminierter Poly(DMA-co-vinyl-alkohol); Po-
ly[(meth)acrylsdure-co-acrylamid] mit von etwa 0,1 % bis etwa 30 %, vorzugsweise von etwa 0,5 % bis etwa 20 %,
mehr bevorzugt von etwa 1 % bis etwa 15 % bezlglich des Gewichts (Meth)acrylsaure; Poly[(meth)acrylsaure-co-
NVP] mit von etwa 0,1 % bis etwa 30 %, vorzugsweise von etwa 0,5 % bis etwa 20 %, mehr bevorzugt von etwa 1
% bis etwa 15 % bezlglich des Gewichts (Meth)acrylsaure; ein Copolymer, das ein Polymerisationsprodukt einer
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Zusammensetzung ist, umfassend (1) (Meth)acrylolyloxyethylphosphorylcholin und (2) von etwa 0,1 % bis etwa 30
%, vorzugsweise von etwa 0,5 % bis etwa 20 %, mehr bevorzugt von etwa 1 % bis etwa 15 % bezlglich des Gewichts
(Meth)acrylséure, Allylamin und/oder Amino-C,-C4-Alkyl(meth)acrylat; und eine Kombination davon; oder eine Kom-
bination davon.

Verfahren nach einem der Anspriiche 1 bis 16, worin der Schritt des Fixierens der Nano-Texturen in der ersten
Beschichtung durchgefiihrt wird durch Autoklavieren der Kontaktlinse, die die erste Beschichtung mit Nano-Texturen
umfasst, und eingetauchtist in eine Packungslosung, die das wasserlosliche, quervernetzbare hydrophile Polymer-
material enthalt in einer verschlossenen Linsenpackung bei einer Temperatur von etwa 118 °C bis etwa 125 °C flr
ungefahr 20 - 90 Minuten, worin die zweiten reaktiven funktionellen Gruppen des wasserloslichen quervernetzbaren
hydrophilen Polymermaterials Azetidinium-Gruppen und/oder Epoxy-Gruppen sind.

Silikonhydrogelkontaktlinse, erhalten entsprechend einem Verfahren nach einem der Anspriiche 1 bis 17, worin die
Silkonhydrogelkontaktlinse einen Silikonhydrogellinsenkdrper und eine Nicht-Silkonhydrogel-Beschichtung darauf
umfasst, worin die Beschichtung schneckenformige (Winkle) Oberflachenmuster (Nanotexturen) aufweist, mit einer
Rauigkeit (einer Rauigkeit im arithmetischen Mittel, Ra) von etwa 5 nm bis etwa 600 nm, vorzugsweise von etwa
10 nm bis etwa 400 nm, noch mehr bevorzugt von etwa 15 nm bis etwa 200 nm, noch mehr bevorzugt von etwa 20
bis etwa 100 nm.

Silikonhydrogelkontaktlinse, nach Anspruch 18, worin die Silikonhydrogelkontaktlinse mindestens eine der Eigen-
schaften aufweist, ausgewahlt aus der Gruppe, bestehend aus (1) einer Oberflachenhydrophilie/-benetzbarkeit,
dadurch gekennzeichnet, dass sie einen mittleren Wasserkontaktwinkel von vorzugsweise etwa 90 Grad oder
weniger, mehr bevorzugt etwa 80 Grad oder weniger, noch mehr bevorzugt etwa 70 Grad oder weniger, am meisten
bevorzugt etwa 60 Grad oder weniger aufweist; (2) eine Sauerstofftransmissibilitdt von mindestens etwa 50, vor-
zugsweise mindestens etwa 70, mehr bevorzugt mindestens etwa 80, noch mehr bevorzugt mindestens etwa 90
Barrer/mm; (3) ein elastisches Widerstandsmoment von etwa 1,5 MPa oder weniger, vorzugsweise etwa 1,2 MPa
oder weniger, mehr bevorzugt etwa 1,0 MPa oder weniger, noch mehr bevorzugt von etwa 0,3 MPa bis etwa 1,0
MPa; (4) einen Wassergehalt von vorzugsweise etwa 18 % bis etwa 70 %, mehr bevorzugt von etwa 20 % bis etwa
60 % bezuglich des Gewichts, wenn vollstandig hydratisiert; und (5) Kombinationen davon.

Silikonhydrogelkontaktlinse nach Anspruch 19, worin die Beschichtung wurmahnliche Muster umfasst, mit einer
Rauigkeit (d.h. einer Rauigkeit im arithmetischen Mittel, Ra) von etwa 5 nm bis etwa 600 nm, vorzugsweise von
etwa 10 nm bis etwa 400 nm, noch mehr bevorzugt von etwa 15 nm bis etwa 200 nm, noch mehr bevorzugt von
etwa 20 nm bis etwa 100 nm.

Revendications

1.

Procédé de fabrication de lentilles de contact, de préférence, de lentilles de contact en hydrogel de silicone, ayant
des surfaces nanotexturées, comprenant les étapes consistant a:

(1) partir d’'une solution de revétement a base organique renfermant un solvant a base organique et un matériau
de revétement polymére dissous dans le solvant a base organique, dans laquelle le matériau de revétement
polymeére comprend de multiples premiers groupes fonctionnels réactifs et de multiples groupes ou groupements
d’affinité;

(2) mettre en contact une lentille de contact avec la solution de revétement a base organique pour faire gonfler
la lentille de contact et former un revétement intermédiaire du matériau de revétement polymére sur la lentille
de contact, la lentille de contact comprenant, au niveau et a proximité de sa surface, des motifs monomeéres
et/ou des groupements et/ou segments hydrophobes susceptibles d’interagir avec les groupes ou groupements
d’affinité du matériau de revétement polymére de maniére a lier le matériau de revétement polymere, ou le
poids moléculaire moyen du matériau de revétement polymeére est choisi de fagon a étre suffisamment élevé
pour s’assurer que le matériau de revétement polymeére pénétre partiellement dans la lentille de contact gonflée
par le solvant a base organique (et est de préférence d’au moins environ 25 000 Daltons, plus préférablement,
d’au moins environ 50 000 Daltons, encore plus préférablement d’au moins environ 75 000 Daltons, le plus
préférablement, d’environ 100 000 a 1 000 000 de Daltons);

(3) mettre en contact la lentille de contact gonflée ayant dessus le revétement intermédiaire avec une solution
aqueuse ou, de préférence, de I'eau, pour que la lentille de contact ayant dessus le revétement intermédiaire
se rétracte pour former un revétement d’apprét ayant des nanotextures sur la lentille de contact; et
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(4) fixer les nanotextures dans le revétement d’apprét par réticulation d’un matériau polymére hydrophile hy-
drosoluble et réticulable avec de multiples seconds groupes fonctionnels réactifs sur le revétement d’apprét
par I'intermédiaire des premiers groupes fonctionnels réactifs pour former un revétement polymére réticulé qui
conserve les nanotextures du revétement d’apprét et procure une surface nanotexturée a la lentille de contact,
ou un premier groupe fonctionnel réactif peut réagir avec un second groupe fonctionnel réactif en présence ou
en 'absence d’'une agent de couplage pour former une réticulation entre le matériau de revétement polymére
et le matériau polymére hydrophile hydrosoluble et réticulable.

Procédé selon larevendication 1, dans lequel le solvant a base organique est un systéeme de solvant qui est constitué
d’un ou de plusieurs solvants organiques et facultativement, d’environ 30% ou moins, de préférence, d’environ 20%
ou moins, plus préférablement, d’environ 15% ou moins, encore plus préférablement d’environ 10% ou moins, en
particulier d’environ 5% ou moins, en poids d’eau par rapport au poids du systéme de solvant, ol le ou les solvants
organiques sont choisis dans le groupe constitué par I'éther méthylique de tripropyléneglycol, 'éther méthylique de
dipropyléneglycol, I'éther n-butylique d’éthyléneglycol, 'acétone, la méthyléthylcétone, I'éther n-butylique de dié-
thyléneglycol, 'éther méthylique de diéthyléneglycol, I'éther phénylique d’éthyléneglycol, I'éther méthylique de pro-
pyléneglycol, I'acétate d’éther méthylique de propyléneglycol, I'acétate d’éther méthylique de dipropyléneglycol,
I'éther n-propylique de propyléneglycol, I'éther n-propylique de dipropyléneglycol, I'éther n-butylique de tripropyle-
neglycol, I'éther n-butylique de propyléneglycol, I'éther n-butylique de dipropyléneglycol, I'éther n-butylique de tri-
propyléneglycol, I'éther phénylique de propyléneglycol, I'éther diméthylique de dipropyléneglycol, les polyéthyléne-
glycols, les polypropyléneglycols, 'acétate d’éthyle, 'acétate de butyle, 'acétate d’amyle, le lactate de méthyle, le
lactate d’éthyle, le lactate d’i-propyle, un alcool en C4-C4,, la 1-méthyl-2-pyrrolidone, le N,N-diméthylpropionamide,
le diméthylformamide, le diméthylacétamide, le diméthylpropionamide, la N-méthylpyrrolidinone, le 1,2-propyléne-
glycol, un polyéthyléneglycol ayant un poids moléculaire d’environ 200 ou moins, le tétrahydrofuranne, le chlorure
de méthyléne, et leurs combinaisons.

Procédé selon la revendication 1 ou 2, dans lequel la lentille de contact est gonflée par la solution de revétement
a base organique a au moins environ 50%, de préférence, au moins environ 75%, plus préférablement, au moins
environ 100%, encore plus préférablement, au moins environ 150%.

Procédé selon la revendication 1, 2 ou 3, dans lequel les premiers groupes fonctionnels réactifs multiples sont
choisis dans le groupe constitué par les groupes carboxyle, les groupes azétidinium, les groupes amino, les groupes
azlactone, les groupes isocyanate, les groupes époxy, les groupes aziridine, les groupes thiol, les groupes hydroxyle,
et leurs combinaisons, plus préférablement, choisis dans le groupe constitué par les groupes carboxyle, les groupes
azétidinium, les groupes amino, les groupes azlactone, les groupes isocyanate, les groupes époxy, les groupes
aziridine, les groupes thiol, et leurs combinaisons, encore plus préférablement, choisis dans le groupe constitué
par les groupes carboxyle, les groupes azétidinium, les groupes amino, les groupes époxy, les groupes thiol, et
leurs combinaisons, le plus préférablement, choisis dans le groupe constitué par les groupes carboxyle, les groupes
azétidinium, les groupes amino, les groupes époxy, les groupes thiol, et leurs combinaisons; ou les groupes ou
groupements d’affinité sont soit identiques aux premiers groupes fonctionnels réactifs, soit différents des ceux-ci,
et sont choisis dans le groupe constitué par les groupes carboxyle, les groupes ammonium, les groupements
hydrophobes, les segments hydrophobes, et leurs combinaisons, de préférence, choisis dans le groupe constitué
par les groupes carboxyle, les groupes ammonium, et leurs combinaisons.

Procédé selon I'une quelconque des revendications 1 a 4, dans lequel le matériau de revétement polymeére est: (1)
un homopolymeére d’'un monomere vinylique contenant de 'ammonium ou d’un monomeére vinylique contenant du
carboxyle; (2) un copolymére d’un ou de plusieurs monomeres vinyliques contenant de 'ammonium et/ou contenant
du carboxyle; (3) un copolymére d’un ou de plusieurs monomeres vinyliques contenant de 'ammonium et/ou con-
tenantdu carboxyle avec un monomeére vinylique non réactif choisidans le groupe constitué par un (méth)acrylamide,
un N,N-diméthyl(méth)acrylamide, la N-vinylpyrrolidone (NVP), un (méth)acrylate de N,N-diméthylaminoéthyle, un
N,N-diméthylaminopropyl(méth)acrylamide, le méthacrylate de glycérol, le 3-acryloylamino-1-propanol, le N-hy-
droxyéthylacrylamide, le N-[tris(hydroxyméthyl)méthyllacrylamide, la N-méthyl-3-méthyléne-2-pyrrolidone, la 1-
éthyl-3-méthyléne-2-pyrrolidone, la 1-méthyl-5-méthyléne-2-pyrrolidone, la 1-éthyl-5-méthyléne-2-pyrrolidone, la 5-
méthyl-3-méthyléne-2-pyrrolidone, la 5-éthyl-3-méthyléne-2-pyrrolidone, un (méth)acrylate de 2-hydroxyéthyle, un
(méth)acrylate d’hydroxypropyle, un (méth)acrylate d’alcoxy(en C4-C,)-polyéthyléneglycol ayant un poids molécu-
laire moyen en poidsallantjusqu’a 1500 Daltons, le N-vinylformamide, le N-vinylacétamide, le N-vinylisopropylamide,
le N-vinyl-N-méthylacétamide, un alcool allylique, un alcool vinylique (forme hydrolysée de 'acétate de vinyle dans
le copolymeére), un monomeére vinylique contenant de la phosphorylcholine, et leurs combinaisons et facultativement,
avec un ou plusieurs monomeéres vinyliques réactifs ayant un groupe fonctionnel réactif choisi dans le groupe
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constitué par les groupes azétidinium, les groupes azlactone, les groupes isocyanate, les groupes époxy, les groupes
aziridine, et leurs combinaisons; (4) une polyéthyléneimine (PEI); (5) un polyalcool vinylique ayant des groupes
amino primaires et/ou secondaires pendants; (6) un copolymeére séquencé incluantau moins un segment hydrophobe
(de préférence, choisi dans le groupe constitué par le polydiméthylsiloxane, le poly(oxyde de propyléne), le po-
ly(oxyde de butyléne), une chaine ou un segment polymeére constitué essentiellement d’au moins un parmi les
monomeéres vinyliqgues contenant de la silicone, un (méth)acrylate d'alkyle en Cg-C4g, un alkyl(en
Cg-Cyg)(méth)acrylamide, etleurs combinaisons) etdes segments polyméres ayant des groupes fonctionnels réactifs
choisis dans le groupe constitué par les groupes azétidinium, les groupes azlactone, les groupes isocyanate, les
groupes époxy, les groupes aziridine, les groupes thiols et leurs combinaisons; ou (7) une combinaison de ceux-ci.

Procédé selon 'une quelconque des revendications 1 a 5, dans lequel le matériau de revétement polymeére est un
polymére ou un copolymére comprenant au moins environ 70% en mole, de préférence, au moins environ 80% en
mole, plus préférablement, au moins environ 90% en mole, encore plus préférablement, au moins environ 95% en
mole, de motifs monomeéres d’'un ou de plusieurs monoméres vinyliques contenant du carboxyle, ou le ou les
monomeres vinyliques contenant du carboxyle sont choisis dans le groupe constitué par I'acide acrylique, un acide
alkyl(en C4-Cy)acrylique (par exemple, I'acide méthacrylique, 'acide éthylacrylique, l'acide propylacrylique, I'acide
butylacrylique), I'acide N,N-2-acrylamidoglycolique, I'acide béta-méthylacrylique (acide crotonique), 'acide alpha-
phénylacrylique, I'acide béta-acryloxypropionique, I'acide sorbique, 'acide angélique, 'acide cinnamique, I'acide 1-
carboxy-4-phénylbutadiéne-1,3-itaconique, I'acide citraconique, I'acide mésaconique, I'acide glutaconique, I'acide
aconitique, I'acide maléique, 'acide fumarique, et leurs combinaisons.

Procédé selon la revendication 6, dans lequel le matériau de revétement polymeére est: un acide polyacrylique
linéaire ou ramifié; un acide polyméthacrylique linéaire ou ramifié; un poly(acide acrylique-co-acrylamide) linéaire
ou ramifié ayant au moins environ 70% en mole, de préférence, au moins environ 80% en mole, plus préférablement,
au moins environ 90% en mole, encore plus préférablement, au moins environ 95% en mole d’acide acrylique; un
poly(acide méthacrylique-co-acrylamide) linéaire ou ramifié ayant au moins environ 70% en mole, de préférence,
au moins environ 80% en mole, plus préférablement, au moins environ 90% en mole, encore plus préférablement,
au moins environ 95% en mole d’acide méthacrylique; un poly(acide acrylique-co-vinylpyrrolidone) linéaire ou ramifié
ayant au moins environ 70% en mole, de préférence, au moins environ 80% en mole, plus préférablement, au moins
environ 90% en mole, encore plus préférablement, au moins environ 95% en mole d’acide acrylique; un poly(acide
méthacrylique-co-vinylpyrrolidone) linéaire ou ramifié ayant au moins environ 70% en mole, de préférence, au moins
environ 80% en mole, plus préférablement, au moins environ 90% en mole, encore plus préférablement, au moins
environ 95% en mole d’acide méthacrylique.

Procédé selon 'une quelconque des revendications 1 a 7, dans lequel la lentille de contact est une lentille de contact
en hydrogel de silicone obtenue par polymérisation d’une formulation de lentille comprenantau moins un composant
choisi dans le groupe constitué par un monomeére vinylique contenant de la silicone, un macromére vinylique con-
tenant de la silicone, un prépolymeére contenant de la silicone, un monomeére vinylique hydrophile, un monomeére
vinylique hydrophobe, un agent réticulant, un initiateur de radicaux libres (photo-initiateur ou initiateur thermique),
un macromere/prépolymeére vinylique hydrophile, un agent absorbant les UV, un agent Iégérement tintant pour la
visibilité (par exemple, colorants, pigments, ou leurs mélanges), des agents antimicrobiens (par exemple, de pré-
férence, des nanoparticules d’argent), un agent bioactif, un lubrifiant lixiviable, un agent stabilisateur de larme
lixiviable, et leurs combinaisons.

Procédé selon I'une quelconque des revendications 1 a 8, dans lequel les seconds groupes fonctionnels réactifs
d’un matériau polymére hydrophile hydrosoluble et réticulable sont: les groupes carboxyle, les groupes azétidinium,
les groupes amino, les groupes azlactone, les groupes isocyanate, les groupes époxy, les groupe aziridine, les
groupes hydroxyle, les groupes thiol, ou leurs combinaisons; de préférence, les groupes carboxyle, les groupes
azétidinium, les groupes amino, les groupes azlactone, les groupes isocyanate, les groupes époxy, les groupes
aziridine, les groupes thiol, ou leurs combinaisons; plus préférablement, les groupes carboxyle, les groupes azéti-
dinium, les groupes amino, les groupes époxy, les groupes thiol, ou leurs combinaisons; encore plus préférablement,
les groupes azétidinium, les groupes époxy, ou leurs combinaisons, pourvu qu’un second groupe fonctionnel réactif
puisse réagir dans une réaction de couplage avec un premier groupe fonctionnel réactif du matériau de revétement
polymére en présence, ou de préférence, en I'absence d’un agent de couplage pour former une réticulation.

Procédé selon 'une quelconque des revendications 1 a 9, dans lequel les seconds groupes fonctionnels réactifs

sont des groupes thermiquement réticulables, plus préférablement des groupes azétidinium et/ou des groupes
époxy, encore plus préférablement, des groupes azétidinium.

35



10

15

20

25

30

35

40

45

50

55

11.

12.

13.

14.

15.

EP 2718 751 B1

Procédéselon’'une quelconquedes revendications 1a 10, dans lequel le matériau polymeére hydrophile hydrosoluble
et réticulable est un matériau polymere hydrophile partiellement réticulé qui comprend un réseau tridimensionnel
et les seconds groupes fonctionnels réactifs au sein du réseau.

Procédé selon'une quelconquedes revendications 1a 11, dans lequel le matériau polymére hydrophile hydrosoluble
et réticulable comprend: (i) environ 20% a environ 95%, de préférence environ 35% a environ 90%, plus préféra-
blement environ 50% a environ 85%, en poids de premiéres chaines polyméres dérivées d’'une polyamidoamine
ou polyamine a fonctionnalisation épichlorhydrine, (ii) environ 5% a environ 80%, de préférence environ 10% a
environ 65%, encore plus préférablement environ 15% a environ 50%, en poids de groupements hydrophiles ou de
secondes chaines polyméres dérivées d’au moins un agent d’amélioration de I'hydrophilie ayant au moins un groupe
fonctionnel réactif choisi dans le groupe constitué par un groupe amino, un groupe carboxyle, un groupe thiol, et
leurs combinaisons, ou les groupements hydrophiles ou les secondes chaines polymeéres sont lié&s de maniére
covalente aux premiéres chaines polymeéres par 'intermédiaire d’'une ou de plusieurs liaisons covalentes formées
chacune entre un groupe azétidinium de la polyamidoamine ou polyamine a fonctionnalisation épichlorhydrine et
un groupe amino, carboxyle ou thiol de I'agent d’amélioration de I'hydrophilie, et (iii) des groupes azétidinium qui
font partie des premiéres chaines polyméres, ou des groupes pendants ou terminaux liés de maniére covalente
aux premieres chaines polymeres.

Procédé selon la revendication 12, dans lequel 'agent d’amélioration de I’hydrophilie est: un monosaccharide con-
tenant un groupe amino, carboxyle ou thiol (par exemple, 3-amino-1,2-propanediol, 1-thioglycérol, acide 5-céto-D-
gluconique, galactosamine, glucosamine, acide galacturonique, acide gluconique, acide glucosaminique, manno-
samine, acide saccharique 1,4-lactone, acide saccharidique, acide cétodésoxynonulosonique, N-méthyl-D-gluca-
mine, 1-amino-1-désoxy-B-D-galactose, 1-amino-1-désoxysorbitol, 1-méthylamino-1-désoxysorbitol, N-aminoéthyl-
gluconamide); un disaccharide contenant un groupe amino, carboxyle ou thiol (par exemple, sel de sodium de
disaccharide de chondroitine, di(-f-xylopyranosyl)amine, acide digalacturonique, disaccharide d’héparine, disac-
charide d’acide hyaluronique, acide lactobionique); un oligosaccharide contenant un groupe amino, carboxyle ou
thiol (par exemple, sel de sodium de carboxyméthyl-3-cyclodextrine, acide trigalacturonique), ou une combinaison
de ceux-ci.

Procédé selon la revendication 12, dans lequel 'agent d’amélioration de I'hydrophilie est:

une carboxyméthylcellulose ayant une teneur en carboxyle d’environ 40% ou moins, qui est estimée sur la base
de la composition des motifs récurrents, -[CgH 9., O5(CH2CO5H),J- ol m vaut 1 & 3; une carboxyéthylcellulose
ayant une teneur en carboxyle d’environ 36% ou moins, qui est estimée sur la base de la composition des
motifs récurrents, -[CgH 4. C5(CoH,CO,H) - ou m vaut 1 & 3; une carboxypropylcellulose ayant une teneur
en carboxyle d’environ 32% ou moins, qui est estimée sur la base de la composition des motifs récurrents,
-[CeH10.mO5(C3HgCOLH) L ]-ou m vaut 1 & 3; un acide hyaluronique ayant une teneur en carboxyle d’environ
11%), qui est estimée sur la base de la composition des motifs récurrents, -(C3H,gOgNCO,H)-); un chondroitine-
sulfate ayant une teneur en carboxyle d’environ 9,8%, qui est estimée sur la base de la composition en motifs
récurrents, -[C4,H45043NSCO,H)-); ou une combinaison de ceux-ci.

Procédé selon la revendication 12, dans lequel I'agent d’amélioration de I'hydrophilie est: PEG-NH,; PEG-SH; PEG-
COOH; HyN-PEG-NH,; HOOC-PEG-COOH; HS-PEG-SH; H,N-PEG-COOH; HOOC-PEG-SH; HyN-PEG-SH; un
PEG multi-bras avec un ou plusieurs groupes amino, carboxyle ou thiol; des dendriméres de PEG avec un ou
plusieurs groupes amino, carboxyle ou thiol; un homo- ou copolymére a terminaison monoamino, monocarboxyle,
diamino ou dicarboxyle d’'un monomeére vinylique hydrophile non réactif choisi dans le groupe constitué par I'acryla-
mide (AAm), le N,N-diméthylacrylamide (DMA), la N-vinylpyrrolidone (NVP), le N-vinyl-N-méthylacétamide, le
(méth)acrylate de glycérol, le (méth)acrylate d’hydroxyéthyle, le N-hydroxyéthyl(méth)acrylamide, un (méth)acrylate
d’alcoxy(en C4-Cy4)polyéthyleneglycol ayant un poids moléculaire moyen en poids allant jusqu’a 400 Daltons, 'alcool
vinylique, la N-méthyl-3-méthyléne-2-pyrrolidone, la 1-méthyl-5-méthyléne-2-pyrrolidone, la 5-méthyl-3-méthyléne-
2-pyrrolidone, le (méth)acrylate de N,N-diméthylaminoéthyle, le N,N-diméthylaminopropyl(méth)acrylamide, la
(méth)acryloyloxyéthyl-phosphorylcholine, et leurs combinaisons; un copolymeére qui est un produit de polymérisa-
tion d’une composition comprenant (1) environ 0,1% a environ 30%, de préférence, environ 0,5% a environ 20%,
plus préférablement, environ 1% a environ 15%, en poids d’acide (méth)acrylique, d’allylamine et/ou de (méth)acryla-
te d’'amino-alkyle en C,-C,, et (2) au moins un monomeére vinylique hydrophile non réactif choisi dans le groupe
constitué par l'acrylamide, le N,N-diméthylacrylamide, la N-vinylpyrrolidone, la (méth)acryloyloxyéthylphosphoryl-
choline, le N-vinyl-N-méthylacétamide, le (méth)acrylate de glycérol, le (méth)acrylate d’hydroxyéthyle, le N-hy-
droxyéthyl(méth)acrylamide, un (méth)acrylate d’alcoxy(en C4-C,)polyéthyléneglycol ayant un poids moléculaire
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moyen en poids allant jusqu’a 400 Daltons, I'alcool vinylique, et leurs combinaisons; ou une combinaison de ceux-ci.

Procédé selon la revendication 12, dans lequel 'agent d’amélioration de I'hydrophilie est: PEG-NH,; PEG-SH; PEG-
COOH; une polyvinylpyrrolidone a terminaison monoamino, monocarboxyle, diamino ou dicarboxyle; un polyacryla-
mide a terminaison monoamino, monocarboxyle, diamino ou dicarboxyle; un poly(DMA) a terminaison monoamino,
monocarboxyle, diamino ou dicarboxyle; une poly(DMA-co-NVP) a terminaison monoamino ou monocarboxyle,
diamino ou dicarboxyle; un poly((méth)acrylate de NVP-co-N,N-diméthylaminoéthyle) a terminaison monoamino,
monocarboxyle, diamino ou dicarboxyle; un poly(alcool vinylique) a terminaison monoamino, monocarboxyle, dia-
mino ou dicarboxyle; un homopolymeére ou copolymére de poly[(méth)acryloyloxyéthylphosphorylcholine] a termi-
naison monoamino, monocarboxyle, diamino ou dicarboxyle; un poly(NVP-co-alcool vinylique) a terminaison mo-
noamino, monocarboxyle, diamino ou dicarboxyle; un poly(DMA-co-alcool vinylique) a terminaison monoamino,
monocarboxyle, diamino ou dicarboxyle; un poly[acide (méth)acrylique-co-acrylamide] avec environ 0,1% & environ
30%, de préférence, environ 0,5% a environ 20%, plus préférablement, environ 1% a environ 15%, en poids d’acide
(méth)acrylique; une poly[acide (méth)acrylique-co-NVP] avec environ 0,1% a environ 30%, de préférence, environ
0,5% a environ 20%, plus préférablement, environ 1% a environ 15%, en poids d’acide (méth)acrylique; un copo-
lymeére qui est un produit de polymérisation d’'une composition comprenant (1) une (méth)acryloyloxyéthylphospho-
rylcholine et (2) environ 0,1% a environ 30%, de préférence environ 0,5% a environ 20%, plus préférablement,
environ 1% a environ 15%, en poids d’acide (méth)acrylique, d’allylamine et/ou de (méth)acrylate d’amino-alkyle
en C,-C,; et leurs combinaisons; ou une combinaison de ceux-ci.

Procédé selon I'une quelconque des revendications 1 a 16, dans lequel I'étape de fixation des nanotextures dans
le revétement d’apprét est réalisée par passage a 'autoclave de la lentille de contact qui comprend le revétement
d’apprétincluant les nanotextures et qui estimmergée dans une solution de conditionnement renfermant le matériau
polymeére hydrophile hydrosoluble réticulable dans un emballage de lentille scellé a une température d’environ
118°C a environ 125°C pendant approximativement 20-90 minutes, ol les seconds groupes fonctionnels réactifs
du matériau polymere hydrophile hydrosoluble réticulable sont des groupes azétidinium et/ou des groupes époxy.

Lentille de contact en hydrogel de silicone obtenue selon un procédé de 'une quelconque des revendications 1 a
17, ou la lentille de contact en hydrogel de silicone comprend un corps de lentille en hydrogel de silicone et dessus
un revétement en hydrogel non siliconé, ou le revétement comprend des motifs de surface plissés (nanotextures)
présentant une rugosité (c’est-a-dire, une rugosité moyenne arithmétique, Ra) d’environ 5 nm a environ 600 nm,
de préférence, d’environ 10 nm a environ 400 nm, encore plus préférablement, d’environ 15 nm a environ 200 nm,
encore plus préférablement, d’environ 20 nm a environ 100 nm.

Lentille de contact en hydrogel de silicone selon la revendication 18, ou la lentille de contact en hydrogel de silicone
posséde au moins 'une des propriétés choisies dans le groupe constitué par (1) une hydrophilie/mouillabilité de
surface caractérisée par le fait d’avoir un angle de contact moyen avec I'eau qui est, de préférence, d’environ 90
degrés ou moins, plus préférablement, d’environ 80 degrés ou moins, encore plus préférablement, d’environ 70
degrés ou moins, le plus préférablement, d’environ 60 degrés ou moins; (2) une transmissibilité de 'oxygéne d’au
moins environ 50, de préférence, d’au moins environ 70, plus préférablement, d’au moins environ 80, encore plus
préférablement, d’au moins environ 90 barrers/mm; (3) un module élastique d’environ 1,5 MPa ou moins, de pré-
férence, d’environ 1,2 MPa ou moins, plus préférablement, d’environ 1,0 MPa ou moins, encore plus préférablement,
d’environ 0,3 MPa a environ 1,0 MPa; (4) une teneur en eau qui est, de préférence, d’environ 18% a environ 70%,
plus préférablement, d’environ 20% a environ 60% en poids lorsqu’elle est complétement hydratée; et (5) leurs
combinaisons.

Lentille de contact en hydrogel de silicone selon la revendication 19, dans laquelle le revétement comporte des
motifs vermiformes ayant une rugosité (c’est-a-dire, une rugosité moyenne arithmétique, Ra) d’environ 5 nm a
environ 600 nm, de préférence, d’environ 10 nm a environ 400 nm, encore plus préférablement, d’environ 15 nm a
environ 200 nm, encore plus préférablement, d’environ 20 nm a environ 100 nm.
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FIIIRRZE EP2718751
Nano-taxturdin saifikon hidkogé! lansssk
Seabadaimt igdnypontok

1. Efidrds kontaktlenossy, eifrvdsen saiiikon-hdrogd! komahiforcsdh ol8alidsdrg, melyeh
nano-textirdh felliatdek, melyoek sordne
{ﬂ Srehozunk agy saorvss alapu oldSszer! éa sy, sverves algp olddszerban oldolt poli-

s bevonat-anyagot tardalmazs searves slapt bevond oldatol, ahol a polimer bevongd
anyag Whbszdeds alsd reakliv funkcids csopartokat &8 Ibbeadrds alliniidsos csoponiokat
vagy gyikdket tartyimar;

{2} egy kortakiiencsst & szorves alapt bevond oldattal hozzuk srintkezdsbe, a kontaklencss
duzzasziisdra 83 a konfakencsan a polimer bevonat-anyag kdshansd kialgkiasara, shola
kontaktencse Isllisien as Isllisieher kiizel a polimer bevonat-3nvag affinitdsos csoponiaival
vagy gyieivel klesdnhatdsrs ldpnl képes monomer sgysegeket 8sivagy hidrofdh gydkiket
dsivagy szegmenseket aralmaz, oy mddon, frogy 2 polimer bevonat-anyago! megkisss,
ahol a polimer bevonat-anyay allagos molekutatdmeags oy mddon valasgioll, hogy elsgud
nagy ahhos, hogy 8 polimer bevonatanyay részlegesen bhehstoion a seanes alspd oldatial
duzzasziol kontakiiencsdbe (&8 sldnydsen lpgaidbhis kOriibelll 235,000 Dalton, eldnydseb-
hen byaidbh kOriballl 50,000 Dalion, msy siéaydsebben legaiabb koribelid 75,000 Dalion,
legelSnydsebben kérGiball! 100,000 &3 1,000,000 Dalton kbl

{3 a faltiatdn kOzbensd bevonatial rendelkesd, duzzaszint! kontakilencsdt egy vizew oidat-
tal, vagy eldnydaen vizee! hozauk erintkezasbe, a feliletén kistensd bevonatial rendelkezd
komtaktioncss ssugoritdsdra, a kontaklloncsdn agy nane-iaxtindll elstdieges hevonatot ki
slakilvy; &8

{4) ar slddisges bavonatban aidforduld nano-toxitnrdl ogy vizsidhatld és 1Bbbsxdrds masodik
raakiv funkoids ssoporiokal farialmazs terhaidsithatd hidrofl polimer snvaggset erhdideiva
rdneifiuk az eleddipges bavonatra 82 ofsd reakiiv funkeids csoportokon Keresalll, olyan tée
haldsiion polimer bevonal kislakitasara, mely meglarts ar alapozé bevonat nanc-texddediat
$3 8 kantakliencsdnsk nano-lextucal folliote! bixtosR, abol az alsd reakifiv funkeids tsopont
reagdihat g masodik reaktiv funkoios osoporital egy kapesoidszer jslenisiaben vagy Bvailst
shen a palimer bovonat-anyag 88 & vizokihald e rhdidsithalo hidrodll polimer anyag kizdl
keraszikdlest IStrshosva,

2. A L igénypont saxerintl elidrds, ahol a sxerves alapt olddsser sgy olddszarrendszer, mely
agy vagy 1ohl srerves olddererbdl, & adol ssetben ax olddszarrandgzer Sssxdmegére
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samitelt Rrdibalt! 30% vagy kevesebb, slfinydsan Karliballs 20% vagy kevesalb, aldnyd-
sebbarn karibell 15% vagy kevasably, midy siinydsebben kool 10% vagy keveseld,
sildndsen kel 8% vagy kovessbb vizbdt 88, ahol gz egy vagy 1ObD sserves oiddszer
fripropiidnghikdl metiiéler, dipropifénglilol matiiétar, etiénglikol n-butiister, aoeton,
mediistitkeion, distiidnglikal nebutiidler, dictiidnglikol metidtor, eliéngival fenlidter,
propiénglikol metiiéter, propiiénglikol metiicter scetdl, dipmpitdngikol metildter soetdt,
propiiénglivol n-propiidter, dipropidéngtihal n-propiiéter, tipropiienglikol n-butiléter,
proptidngiived n-butileter, dipropiiénghikol n-butidter, tipropiisnglikol nbutiidter, propiiéngiivat
foriidier, dipropidngiival dimstileter, polistiidnghkolok, polipropiiéngiibolak, etilaostdt,
butiacetdl, amitacetdt, molilahial, ctillakiat, boropl lakidl, agy 1-12 sdnatesnos alkahnd, 1
metil-S-plrrolidon, N.N-dimetipropionamid, dimetifformamid, dimetilacetamid,
dimetinropionamid, Nemehipiraiidinon, 1,8 propliéngiikal, kdribsei 200 vagy kisebd mals-
kulatdmegt polistidnglikol, tetrahidrolurdn, metiidnkiond, & kombinaciok kéz{t valasziett

3. Az 1. vagy 2. igdnypont szerindl eljdrds, ahol g kontaktlencse & szenves alapt bevand b
dattal legaldlh k&bl 8%, oldnydsen legaldbb kéelibelll 5%, ebnydsebben logaldbh
kiviiballl 100%, mdg oiSnydsabbsn legaldbb kdritbell 150% mdrtdiden duzzasziot.

4 &z 1., 2. vagy 3. igdnypont szerint aijdrds, ahal a dbbexbeds elad reaktiy funkoids csopor
ok karboxdicsoponolk, azetidiniumcesopon, aminocsoportak, aziakionesopartok,
izocianstosoporiok, spaxivsoportok, asinidinesopariok, finlosoporiok, hidraaiiosopariok, 6s
kombindeidiy, elfnyissbben karboxilosoportok, asstidiniumaosoporiok, aninoosoportok,
aziakioncsoportok, Roctandtosoportok, spadicsaporiok, aziddinesoporiok, folesoparink és
kombindoldy, még siinpdsabben karbadiosoporiok, asstidiniimesopet, aminocsoporiok,
spoxicsoporiok, tinlesoportok, €8 kambindeldiy, lageitnydssbben karboxdicsoponiok,
azetidiniumasaport, aminoesopariok, spoxivsoporiok, finlesoportok, 88 kombindoidi ke
valaseintisk: shol az affiniidsos csoportoh vagy oydkdk gz elsd reaktiy funkelds csoportokkal
axonosak vagy axckid! sitdriek, s karboxdosopariok, ammuaniumosoportok, hidrofdh gyé-
kék, birofdh szegmenssel, &8 kombindeidik, karboxicsoponok, ammoniumesaporiok, §s
kombindoidik kel vlasstotak.

5. &z 4 igénypontok hdrmelylke szorndl ofidrds, ahal g polimer bovonatanyag: (1 sgy
grmndnium-tanaingd vinllss monomear vagy darboxiariaimd vinles monomer hamopolimesig;
{3} sgy ammdnium-artaims vinles monomes vagy karboxi-tlanaim vinlles maonomer
kopolimerie; {3} sy egy vagy tbb ammdniurmdartaimg vintles monomer dsivagy karboxih
tartahmi vinles monomemek (metlakniiamid, N N-dimetiimetiakaiamid, N-vinipirmiidon
{NVPL, N N-dimatilamincetii{metiairiial, N N-dimetiiaminopreptt imetiakriiamid,
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glicarinmetakniidl, Sagkdlohamine-tpropancl, Nohidroddetiiahilamid, &
[niszihidroximatiimetilff-akeilamid, NemeatibFmetilénd-pimalidon, Tatib-metilsn2-pirolidan,
Lrngtih-Samstiidn-2-pirroiiden, T-eiiSanstiién-2-pirroidon, S-metibImetien-2-pirrolidon, &
ati-3-metisn-S-prolidon, 2-hdrokistiiimstiakeliat, bidoxipropt (metiaknidt, 1500 Daltonky
faniedd Alages molskulatbmeagt 14 sxdnatomosalkont polietiidnglikol {metiakrilal, Nowinil
formamid, Nadiall apstamid, Novinll bogropiiamid, NevinibNamstilacetamid, all alkohgd, ving
atkoha! {8 kopolimerben & vinlacetit hidrolizall fymdjal, sgy foszioriikolintarialmd vinlles
manamern, 88 kombindoidlk kbl vilsssiol nerp-reakily vinlles monomerrel 85 adot asetben
sgy vagy bh, asstidinlumesopart, aslakioncsoportol, osiandteseporniok, spoxiosopartok,

sinidinesoporiok, 68 kombindokdik kdzdd valasstoft reakiiv funkaids ceoporckat tartalimasd
sgy vagy Gbb reakiiv viniles monome sl kdpestt kapolimerie; (4} polistidnimin (PED; (8
ledgasd primer 8sivagy szekunder aminoosoporiokkal rendelkezd poliviniiatkohnl; {8} leg
aiabb sy hidrafSt szegmenst tariaimazs mb-kopolimer (Sldaydsen polidimetissiioran,
poli{propisnoid), politbutiisnosid), Bovegshen lngaldbb sgy, seilikonantaimi
virdimonomerhd 440 polimer 1dne vagy ssegmans, 816 szénatomos alkd (metiaknilds, 818
sesnatomos alkil (mehakdiamid, 88 kombindoidly kde vilasziol) & azstidiniumesoport,

sakmesaportak, zockhndtosopotal, spoxicsoportok, asiidinesoportok, Holosoporiok, S8
kombindcidik kel valassioft funkaids csoportakat tartalmazd polimer szegmensek; vagy (7
ek kombindadl

€. Ax 15 igénypontok barmelyike szerintl sfidras, ahol & polimey bevonatanyag legatabb
fedriiheldl 70 mdl %%, eldnydsen legalabh k&ribellt 83 mdie, ¢ldnydssbben logaldbb kel
bediil 80 mal™, mag elfinydsebbert logaldbb kdrilbeitt 85 mdi%% agy vagy Bbb
karbadicsopodot tanalmazd vinlles monomer agvsdget tartalimazd polimer vagy kopolime,
ahot 82 egy vagy Wb karboxifosoporiot tartalmasd vinlles monomsy aluiisay, egy 1.4 s2én-
atomos alkilaknisay {(pé&iddul matakedisay, olifakedisay, propilakriisay, *:}utifiakré'?sav}, N2
akriiamidogikoleay, bela metibakrisay keolonsav), alfaend aknllsav, bata-aliing
propionsay, szothingay, angeaiinsay, ahaisay, hurboxi-d-fant butadian-1.3, takonsay,
oltrakonsay, mazakonsay, glutakansay, akontinsay, malaingay, fumdrsay 8s kombindcidt

kel valasziolt,

7 AR igSnypont szerintl ofjaras, ahiol 8 polimer Davonahanysg: SOy SUyenes vagy sidgaes
polialoiisav: egy sgvencs vagy olagazd polimatakelisay; oy logaisbh kivtibeld 70 madiss,
sldnyisen logalabb kiriibelll 30 mdi%, sldnyisebben legaldhb kariibeli 80 mdits, mg
a¥nyissbbern logalabb kiriibakll 85 mdi% akrileaval tartalmazd egyenes vagy sldgash
poli{aiaispeko-akriiamid); egy legaidbb kdeliibellll 70 mdls, eldnydsan lpgaiabb kiriibelid
BO mdhY%, aidnyissbben logalabb kGr(ibell! B0 mdl, meg ollnydsabbien lagaldbly kiviibell



85 mél metaloiisaval laralimazd egyenss vagy eldgass polifmetakeiisav-ko-akefiamidy; sgy
logalabl kdriihelil 70 mal, eldnydaen logalabb kéliballt 80 mal, eidnydsehiben log-
AlEhh kGriihel! 80 mdl%, mey albnytsebben legalabb koriihsitl 88 mdi%s akriisaval tarial
MAZO eQYeNSs vagy alagazs polifakniswe-Ro-vintiptrohdon); ogy tegalabl kinidbeldt 70
ot alfnydsen logalibh kntibhalll 80 mdB, slinydsebben lagaldbb kOriibel 90 mais,
mag aldnydsebbern legalabd KartiDalll 85 mdi metakalsaval tartalmazd sgyenes vagy o
24826 poliimetakriisav-ko-vindiplrolicon).

8. Az 1.7, igénypontok bdrmslvike seordnt oidrds, ahd g kontskilencse egy sailtkontantaima
viniles manomer, egy szilikon-tarialmi vinlles makromer, egy ssifikondaralmd prepolimer,
agy hidrolil vinlles monomar, ey hidrolGh vinlies monomaer, gy tarhaldsitd sz, egy sz
badayokas infoldior fotoiniciator vagy hiinicidie), sgy hidrofit vinlles makromeiprepolimes,
ooy UV-abszorhans seer, agy thatdsagol szined seer {példaud festekek, pigmentsk vagy
kovardlalk), mikrdbaslionas szerel {0.g., oidnyisen szist nancrdszecshdk}, sgy boakdiv
sxer, agy Shithetd kandanyag, ogy Obifthetd kdnny-slabilizdio seer, s kombinaaidik kbt
valasziof! legalabh agy komponanst iaradmazd lencse-Osszetael palimeriedoigival nyent
sziikon hidrogé! kontaktencses.

& Az L8, igdnypontok barmslyike szerint sidrds, ahd a vizokihatd $s Whalisithatd hidrofl
polimey anyag masodik reaktiv funkeics csopartial & kdvetkezdke karboxdiesoporiok,
axstidinfumesoport, aminceseporiok, azinklonesoportok, uclandiosoporok, spaxicsaporiok,
azindincsoportok, hidroxiicsopariok, Holosoporiok, vagy sombindcidik] sitinydssn
karhowicgoporiok, azetidiniumesoportok, aminccsaponal, aziakionesopariok,
ociandiosoportok, epoxicsaporiok, saiddineseportay, tolsoporiok, vagy kombinacidk; al&-
nydsabben karboxdicsoponok, szstidinlumosopon, aminoesppartok, epoxivsopartok,
tinlesoporiok, vagy kombingoidll még aldnydsebben azelidiniumcsapornt, spoxicsopatok,
vagy kombinaciof azzal & feiidialis], hogy sgy misedik funkads osopart egy kapesaldst
regkoioban reagdthal g polimer bevongtanyag egy olst funkeios csoporfiaval sgy kapesnis
szer jolonidtdben vagy elinydsen tdvalidtoben egy keresstkdtés idtrehozasdra.

10 Az 18 igdnyponiok bamelvike seennt olidrds, ahol & masodik reakiiv funkaids ssopor-
fok hivel Wrhdldelthald csoponok, elinydssbhen azslidinumosaporiok ésivagy
apoxicsoporiol, mdy sidnyisebben seatidinlumesoponok.

11 Az 1910, igSnypontok birmelvike szorintl lideds, shol a vizolohatt &3 trhaldsithatd ha-
{i polimer anyag sgy résslagesen tdehakisiictt hidrol polimer, msly egy haromdimenzids
hédldzatol d8 & mdsodik raakliv funkeits csoportohal a haldzaton belll tanalmazza,
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12, Az 111 igényponiok barmelyilee seerintl aijdrds, ahal @ vizoldhatd &g rhabisithald hid-
rofl polimer anvag tartalmaz: ) kGodibaltl 20 thmagie és kiriibell] 85 Wmey %, slbnydsen
kOriihaill 38 Gmegth &8 kdrilbell 80 Bimeg%, eidnydsebiben kirdballl 5O Omeaghs &8 k&~
rithedll 85 10megd kiedt mennyissgl, spikidrhidrin-funkaionalizalt poliaminbd vagy
poliamideaminbs! szdrmazd alsd polimer Wneokal, () kordbelll § Wmeg és kariibeltdt 80
Hhmeg %, eldnvbean kordiosill 10 Wmeg%% &8 ROrilbealil 85 dmeg¥%, méy elinydsebben
KOriheild 15 1megt és kOribelil SG Wmegdh kOO mennyisegl hidrolt gydkdket vagy
aminocsopont, kachostosopet, tolesopor, és kombindoidik kdzi valasstoll logaldbb egy
reaktiv funkeids esoportial rendetkesd hidrolitast fokozd sserbd sxdrmazd masodik polimer
oo, ahot g hidrolil gedkak vagy masodik palimer lanook kovalensen kapesolddnak az alsd
ooliamidosmin egy azetidiniumesopartidn és a hidratiiciast fokozo sser sgy aming, karboxd!
vagy ticlosoporiian kereszill, és (1) axetidinimesopaortokat, melyek az ¢lsd polimey lancok
résal, vagy ax olsd polimer dncokhoz kovalensen kaposolddd Rinyalo vagy terminglis oso-
porfokat.

T3, 8 12, igSrypont szerintl slidrds, ahot 8 hidrofilicast foko2¢ sxen sgy aming-, karboxd-
vagy Hol-tartalnw monosescchadd (palddul S-amine-1,2-propéndicd, 1-tolghcanin, Sketo-l-
gilhonsay, galakiczarain, giltkdzamin, galakiuronsay aaid, ghukonsay, glikozaminsay,
manndzamin, szaccharineay ta4akdon, szaccharidsay, ketodsoxinonudozonsay, dmetd-R-
glubaming, baminos tdemd- BU-galakide, Tamino-T-deoxiszarbitol, t-metilamino~i~
deoxigzorhitel, Naminostiglukonamid); sgy aming~, kirbosi- vagy Hobtanalmg diszacchsrid
{palddut kondroitin diszaccharkd natriumss, d{d-Dailopiranceiilamin, digalakiuronsay,
hapsrin dissaccharid, hisluronsay diszaccharid, akiobionsav); sgy amino-, karboxit vagy
tiobfantaimu cligoszacehaid {pélodut karboximetih-B-ciklodexdnin ndtiumsd, ngalakturonsavy

vagy ezek kombindeidl,

14, A 12, igénypont seevintl elidras, abol & hidrofiicitast fokozd szen karbosimetiveliutbe,
mehynek karbodt-tartalims kOritbelil 40% vagy kevesebb, az ismdidad

SO DI OHCTM - {abot m artdke 1 - 3) sgysdgek Osszetdlalére szamitva;
kathoxisticeliudde, melyask harboxi-tanaima kérlibel! 38% vagy kevessabh, az lsmtiddé -
ICeH i m O {CH OO (ahiol m Seidke 1 -3) sQyssgek Osszeidlaitre sxdmitvy;
karboxipropiiveliuidz, melynew karboxiMarialma sOrifbelll 38% vagy kovessbb, ag ismeid-
g8 JOMH 10 Os{CHOOH ] sgvsdynk Osszetételére sxdmiteg, ahol m éridke 13
Haluronsay, melynek kadoxiartalma karilbelld 11 % ax ismétiddd ({OkuONCOHR
sgvadgek Ssszolttalére sxdmitvg; koendroltin-szulllt, melynek karboxdartaima kribell
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9.8% az ismetdad ~{TiaH0uNE COMY) sgvssgek Ssszstdileldre szamitva; vagy sask

kombingois,

15, A 12, igdnypont szerint olidras, ahiol a hichofiicitdst fohozd sxan PEG-NH,; PEG-SH;
PEG-COOH: NNPEG-AH, HOOC-PEG-COQOM; HE-PEG-SH; HuN-PEGLOON; ROOG
PEQ-SH HN-PEG-8H: agy vagy 1000 aming, karbod! vagy tiolosapanial rendetkezd tbh-
Rarg PEG; ogy vagy 1&hh aming, karboxii vagy Holesoporitat rendetkesd PEG dondrimerak;
akrilamid (Adm), N N-dimetilakriiamid (DMA), Nevintipirroliciorn (NVP), NevindbN-
matilzcetamid, glicerin{meatizkiiial, hidrodistiimatiskedidl, Nehidroxdstiimetialatamid, 4004g
tanedd Dalton dHagos mulaludatdmegd 1-4 szénatomos-atkoxi polistiténglikal {metiakniidt,
vindialkohol, Monsti-3anstign-S-pireolidon, -mefi-S-meatidn-S-pirrgiicon, Smeatil-S-matilén-g-
pirralidon, N Adimstfaminostifimetiakdidl, N N-dimstilaminoproplt {matiakeilamid,
{melakriiolioxistiffoszioriikolin, &8 Kombindoidik kdzd! vilasio nem-hidrofil vindles mono-
mer valamely monsaming-, monokgrboxi, dlaming vagy dikarboxibtenmindlis homo- vagy
kopolimenie; egy kopolimer, msly (1) kOridbeld Q1 WOmeg &8 kniiballl 30 ¥imeg%, el
fydsen kel 0.5 Omegf €5 Mer(ibealt! 20 imeagt, alfnyisebben Kriibalil 1 10meg%
S8 kiriibelil 18 (Omeg%, (maliakrileay, alllamin &shvagy amino-{a-4 szénatomos-aiki
{metiakriial, &5 {8} legaldbh agy nenv-hidroll vintlas monomar gkeifamid, N N-dimetilaloliamid,
Noviniipirrolidon, {metiakriioioxietifossiorikolin, Novini-N-metitaostamid, glicsrin{meatiakriiat,
hidroxistiiimetiakaiidl, Nehidroxistl{msiiakeiamid, 4004y terjedd Dalton Allagos molgkulald-
megld 14 szenatomos sikoxi polietiisngiikol imatiakaidl, &8 kombinsoidk kSt vilasaiott
dsszalétel polimerizdoids ermeke,

18, A 12, ipSnypont szanintl olidrag, abot g hidrofilicidst fokezd sear PEG-NH; PEG-SH;
PER-COOH: moncamine-, monokarboxi-, dimming- vagy dikarboxi-torminglt
poliviniiptrrolidon: monoaming-, monokarboxil-, disming vagy dikarboxdi-termingit
pohakriamia; mongaming-, monckarbowd-, diaming. vagy dikadoxii-enningll poliiDMAY,
monoamines vagy moanokarbodl-, disming- vagy dikaboxierminglt pol{MAke-NVFY
monoaming-, monokarboxi- Bamino- vagy dikarboxismingll poliiNVP-ko-N -
dimatiaminoatiimetiskriially; monoaming-, monokarboxih, diaming vagy dkarboxiteminall
politvintialkohol) moneaming., monokarboxil-, diaming- vagy dikarboxibermingt
polifimehskriioliodetifoasphikoling homapolimer vagy Sopolimen monoaming-,
monokarboxi-, digming- vagy dikgrboxibamindl poliNVP-kowvinit aiskaﬁai}; MOnoAMInND-,
Himeg% s kivlibell 30 iﬁmeg . elfnydsen RGrOhelt! 0.5 Wimegh 89 koru el 20 W
meg¥, aldnydssbben kOrlibelii 1 Wneg¥ & korldhealld 18 WHmegh kOzHN menmyizéal
{matiakeisavat tartalmaed polifimetiakniisav-ko-gkritamid]) kéedballl 001 Dmag% &0 kil



K30 hmoeg®, oldnydsern Karibell 0.5 W0meg® &8 kOrliball 20 Bimag%, aldnyissbhen
ROritbaltl 1 timeg® &8 kSrilsiil 15 Omag® kSO mennyissgd (metiakriizaval tartaimaes
polif{metiakeilsav-ko-NYFY; sgy kopolimer, mely (1) imetiskeloliodetifossforiivoling &s {8
kOrifbedt U1 Bimag® &8 kOrGibaill 30 WOmeg™, aldnydsen kOribelill 0.5 Gmegh és korlidh
Dl S0 Bmegs, olbnybscbban kOriheld 1 10meg® &8 k&rliballl 15 Wmegh kOzaH meamy»
nvisdgl {mellakoisaval, allilamint SsHvagy aming-{2-4 sxénatomoshakil (mellakniidiol és
ezek kombindokoit tartalmazd Sesesidte! polimenzdoids termake; vagy ezek kombindoid,

17, &z 118 igénvpontok barmslvike szorind oljdrds, ahal @ nano-textirdhnak az alsd heve
nathan Kridnd Hgeités Iépdedt @ nano-texiivgval rendalkezd alsd bevonatnt tantalmazd, és
& vizben oldhats, terhdloaithatt hdroli polimer anvagot fanaimasd bavond oldatba midgrioft
kontakiiencse autniddvozdsdval végasslk, melyat lozdn csomagoidshan vagaink, kérithelil
TIBC &5 ROrGibeadtl 125°0 hdmorsdkisten, kivGibell 20-00 porcart 4, ahol g vizgldhatd
rhaidsithatd hidhofl polimer mdsodil roaktie funkcids coopariial azetidinmaesoporink
gsfvagy epoxicsoportak.

18, Az 117, igdnypontok bdrmelyike szerint eldaliioft saiikon hidrogé! kontaktlencse, shal a
ssilikon hidrogst ontakilencse egy ssilikon hidragd! lencse fostet 88 egy azon ghalyezkedd
nemasiikon hidrogst bevonatel tartalmaz, ahol a bavonat caigaszed (winkie) telilet mintat
{nano-textirdl) fardaimaz, melynek Srdessdge {azaz agy arltmetikus kizepes érdessége, R,
kOr{baid § nn &3 k&rGhelG 800 v, ollnydsan kOrGihelt 10 nim &g kKribelll 400 nmy, migg
siSnydsebben kGG 15 ne do kirilbelll 200 nim, még sibnydsebben k&riibeit! 20 am
&g koriibeld 100 rim kool

18 A 18, inpénypont sarintl srilion hidrogd! kontaktiencss, ahol & sailikon hidrogé kontakt
leness az aldbblak kOxil vilaszion llajdonsagok kdzil ogaidbh sggyet randsikexike {1} eid-
npdaen kdridoel(ll 807 vagy anvdl kisebl, sibnytesbben kSriibelil 80° vagy kisehb, még
slitnydssbhen kirlibal 70° vagy kizebb, legsitnytssbben kérliball 80° vagy kissbh dlia-
gos viskontakt sedggst jellemzett felliiatl hidrofifcltidsmedvesitheltisdg: (2} rgaidbl kiniibe-
&0, sldnydsen legalabb kSriibellil 78, sitnydsebben logaidbb krithallll 80, még albnyd-
sebban lsgalabl kdriiballl 90 barrerd/mm oxigen alvihetdssg (8) kdriiballl 1.5 MPa vagy
kevessbh, eldnydeen kirtibelll 1.2 MPa vagy kevasebl, aldnydsebben kdriibellll 1.0 vagy
kovessbb, még elfnvizebben kivlihell 8.3 MPa d& kOriliball 1.0 MPa kit clasaiibus
eoyiitthald; {4) SGriiballil 1R &8 kbeBlhalll 70%, slinvdssbben kdriibelil 20% és kdniibalil
B0 meg% kil viztartalon lellesen hidratait dllapotban; és (8} szek kombindokd,



20 A1, igsnypont szevint seitikon hidrogél kontakilencse, ahol a bevonat téregsezerd felilial
antal tfaraimaz, melnek drdessége (axar syy aritmetikus kizepses drdessége, R kddhs-
{5 nm es kordibell 600 oy, slinydean kndbelll 10 nm éa kOrdibeldl 400 mm, mag -
nydsebben kiriibell 18 nm &3 kéelibell] 200 nm, még elénydsslben k&rGbeall 20 nm &8
kGrihadnl 100 nm kxS
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