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SCLERAL LENS SOLUTION
CROSS-REFRENCE TO PROVISIONAL APPLICATION
This application claims the benefit of U.S. Provisional Application No. 61/826,605, filed by
Ralph P. Stone on May 23, 2013, entitled, "SCLERA LENS SOLUTION," which is fully
incorporated herein by reference herein in its entirety.
TECHNICAL FIELD
This application is directed, in general, to scleral lens solutions and to methods of preparing
and using such solutions.
BACKGROUND
Scleral lenses are a special type of rigid contact lenses used to vault over the cornea, leaving a
space between the contact lens and the cornea. Scleral lenses are often used for patients with
corneal problems such as keratoconnus, irregular astigmatism, surgically induced corneal
irregularities, or persistent corneal defects. These patients often already have diseased or
compromised corneas and therefore wearing of contact lenses need to minimize the potential
for additional damage and patient discomfort. To provide acceptable vision, a solution is

often used to provide a liquid interface that fills the void between the lens and the cornea.

SUMMARY

The present disclosure provides in one embodiment, a scleral lens solution that comprises an
aqueous mixture including sodium, potassium, calcium and magnesium cations and a pH in a
range from about 6.5 to about 8.7.

In some such embodiments, the aqueous mixture can be an artificial preservative-free pH

buffered solution that can include at least one of phosphate buffer or borate buffer. In some

1
SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 2014/190141 PCT/US2014/039117

such embodiments, the aqueous mixture can be free of a strong divalent metal ions chelator.
In some such embodiments, the aqueous mixture can have an osmolality in a range of about
300 to about 450 mosm.

In some such embodiments, the aqueous mixture can include a sodium concentration in a
range of about 120 to about 170 mM. In some such embodiments, the aqueous mixture can
include a potassium concentration in a range of about 6 to about 42 mM. In some such
embodiments, the aqueous mixture can include a calcium concentration in a range of about
0.5 to about 2.5 mM. In some such embodiments, the aqueous mixture can include a
magnesium concentration in a range of about 0.3 to about 1.7 mM. In some such
embodiments, the aqueous mixture can include have an osmolality in a range of about 300 to
about 450 mosm and can include any combination of one or more of sodium, potassium,
calcium or magnesium with the above concentration ranges.

In some such embodiments the aqueous mixture can include sodium and potassium with a
mole ratio in a range of about 5.0:1 to about 6.5:1. In some such embodiments the aqueous
mixture can include calcium and magnesium with a mole ratio in a range of about 1:1 to
about 2:1.

Any such embodiments can further include at least one of zinc or copper. In some such
embodiments the aqueous mixture has cations that consist essentially of sodium, potassium,
calcium, magnesium, zinc and copper. Any such embodiments can further include includes
one or more monosaccharide. In some such embodiments, a total concentration of the
monosaccharides in the aqueous solution is in a range of about 10 to about 100 mg/liter. Any
such embodiments can further include one or more demulcent. Any such embodiments can

further include includes one or more reducing agent.
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Still another embodiment of the disclosure is a method of preparing a scleral lens solution
that comprises providing a volume of liquid water, adding sodium, potassium, calcium and
magnesium cations to the volume of water to form a solution and adjusting the pH of the
solution in a range from about 6.5 to about 8.7.

Still another embodiment of the disclosure is a method using a scleral lens solution. The
method comprises providing a scleral lens solution that comprises an aqueous mixture
including sodium, potassium, calcium and magnesium cations and a pH in a range from about
6.5 to about 8.7. The method further comprises contacting a scleral lens with the scleral lens
solution.

BRIEF DESCRIPTION OF DRAWINGS

For a more complete understanding of the present disclosure, reference is now made to the
following detailed description taken in conjunction with the accompanying FIGURESs.
Reference is now made to the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIG. 1 illustrates by flow diagram, selected aspects of an example method of preparing a
scleral lens solution according to the principles of the present disclosure;

FIG. 2 illustrates by flow diagram, selected aspects of another example method of preparing a
scleral lens solution according to the principles of the present disclosure; and
FIG. 3 illustrates by flow diagram, selected aspects of an example method of using a scleral

lens solution according to the principles of the present disclosure.

DETAILED DESCRIPTION

3
SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 2014/190141 PCT/US2014/039117

Embodiments of the present disclosure benefit from the recognition that the composition of
certain commercially available contact lens solutions are not optimal, and in some cases may
be detrimental, to corneal health when used as a scleral lens solutions, e.g., any or all of
insertion, rinse or re-wetting solutions commonly used for contact lenses.

Consider for instance, conventional contact lens solutions, e.g., insertion solutions used with
hard and soft lenses designed for vision correction, e.g., due to myopia. These conventional
contact lens solutions were designed under the expectation that the solution is exchanged
with the tear film on a time scale ranging from a few minutes to 30 minutes. In contrast,
scleral lens solutions used as insertion solutions are expected to remain under lens for an
extended period, e.g., for several hours throughout daily wear, with substantially no exchange
with the tear film during this period. Consequently, there are concerns that the healing of a
defective cornea under the scleral lens will be compromised or possibly additional damaged,
by long periods of exposure to preservative chemicals present in such conventional contact
lens solutions. In view of these concerns, some doctors have resorted to recommending the
use of sterile saline, e.g., indicated for inhalation therapy, as a scleral lens solution (e.g., an
insertion solution). Problems with such sterile saline solutions, however, can include edema
formation in the corneal tissue or other ocular tissue under the lens, resulting in poor (e.g.,
hazy) vision while wearing the lens, delayed healing, or possible additional new tissue
damage.

Embodiments of the present disclosure address the long-felt need for a scleral lens-specific
solution (e.g., for lens insertion), by providing a preservative-free buffered solution
containing a plurality of ions at concentrations ranges present in ocular tissues. While not

limiting the scope of the disclosure by theoretical considerations, it is believed that such a
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scleral lens solution facilitates clear vision while avoiding the potential health concerns
associated with exposing diseased or compromised corneal tissue to conventional contact lens
solutions.

One embodiment of the disclosure is a scleral lenses solution. Embodiments of the scleral
lenses solution can comprise an aqueous mixture that includes sodium, potassium, calcium
and magnesium cations and a pH in a range from about 6.5 to about §.7.

The presence of these four cations facilitates providing a scleral lens solution that presents the
corneal and other ocular tissue under the lens with a cation environment similar to that of
natural tears. To reduce edema formation in the corneal or other ocular tissue, the ratio of
these cations and their total concentrations are designed to provide a solution equal to or
slightly higher in osmotic pressure than the corneal tissue and/or the tears of a normal healthy
individual (referred to herein as "normal tears").

The beneficial presence of the divalent ions in the scleral lens solution, such as calcium and
magnesium, is surprising, because these divalent ions are generally avoided in conventional
contact lens solutions. Calcium and magnesium are avoided in conventional contact lens
solutions out of concern that solutions containing these divalent cations will tend to form
precipitates, e.g., with lipids and protein present in the tear film. The formation of calcium
and/or magnesium-containing precipitates, often referred to as lens calculi or jelly bumps, are
known to cause spoliation of the contact lens.

In the present embodiments, however, the presence of calcium and magnesium in scleral lens
solutions to promote corneal health is considered more important than the risk of lens
spoliation due to precipitate formation. Because scleral lens solutions are in very slow

exchange with the tear film, the likelihood of such precipitate formation is greatly reduced
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when wearing of scleral lenses. Moreover, because the scleral lens is typically removed
daily, normal cleaning procedures can be used to reduce the build-up of such precipitates. An
additional benefit to providing scleral lens solutions that include calcium and magnesium is
that there is no longer a need to include strong divalent metal ion chelators, such as
ethylenediaminetetraacetic acid (EDTA) or similar chelators in the solution. That is,
embodiments of the scleral lens solutions can be free of strong divalent metal ions chelators,
to facilitate the free ion concentrations of calcium and magnesium being substantially at
physiologic levels. In some embodiments, a divalent metal ions chelator is considered a
strong chelator if it has a stability constant with respect to calcium and magnesium in the
scleral lens solution of at least about 9 and 7, respectively, and in some cases at least about 10
and 8§, respectively. In some embodiments, the scleral lens solutions is considered free of
strong divalent metal ions chelators if the concentration of such chelators in the solution is
such that the strong chelator bind less than 1 percent, and in some embodiments less than 0.1
percent, of the total calcium and magnesium present in the solution.

In some embodiments, to reduce edema formation and promote corneal health and healing,
the scleral lens solution is provided to have an osmolality equal to or greater that of the
corneal tissue or normal tears, or in some cases, diseased or compromised corneal tissue. In
some cases, the scleral lens solutions has an osmolality greater that of the corneal tissue. This
can advantageously promote the transport of metabolic waste products from the corneal tissue
into the scleral lens solution, which in turn, is thought to promote tissue healing. In some
embodiments, the osmolality of the scleral lens solution is provided to have a range of about

300 to about 450 milliosmols (mosm), and in some cases, about 310 to about 380 mosm, and
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in some cases, about 330 to about 350 mosm, and in some cases, between 330 and 350 mosm,
and in some cases, about 340 mosm.

Additionally, to reduce edema formation and promote healing, embodiments of the scleral
lens solutions can have a balance of these cations that is similar to that thought to exist in
corneal tissue or normal tears. In some embodiments, the sodium concentration in the
solution is in a range of about 120 to about 170 millimoles per liter (mM), and in some
embodiments more preferably, about 145 to 155 mM. In some embodiments, the potassium
concentration in the solution is in a range of about 6 to about 42 mM, and in some
embodiments more preferably, about 20 to 30 mM. In some embodiments, the calcium
concentration in the solution is in a range of about 0.5 to about 2.5 mM, and in some
embodiments more preferably, about 1.2 to 1.8 mM. In some embodiments, the magnesium
concentration in the solution is in a range of about 0.3 to about 1.7 mM, and in some
embodiments more preferably, about 0.8 to 1.2 mM. Embodiments of the aqueous solution
includes all combinations of these concentrations ranges of the four cations and osmolality
range.

In some embodiments, to facilitate providing the desired balance of these cations, a mole
ratio of sodium to potassium in the solution is in the range of about 5.0:1 to about 6.5:1. and
in some cases, about 5.7:1 to about 5.9:1. Similarly, in some embodiments, a mole ratio of
calcium to magnesium in the solution is in the range of about 1:1 to about 2:1, and in some
cases, about 1.4:1 to about 1.6:1.

In some embodiments, the solution further includes anions that provide a scleral lenses
solution that exposes the corneal and other ocular tissue under the lens with an environment

similar to that of normal tears. Non-limiting examples of such anions include chloride,
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phosphate citrate, bicarbonate or similar anions.

In some embodiments of the solution, to provide an environment similar to that of normal
tears, the pH of the solution is in a range from about 6.5 to about 8.7, and in some cases, from
about 7 to about 8.5, and in some cases, from about 7.1 to about 7.8, and in some cases,
between 7.3 and 7.5.

To facilitate maintaining the pH in the desired pH range, the embodiments of the scleral
lenses solution can include a pH buffer. In some embodiments, to counteract pH changes of
the solution associated with carbon dioxide generation by ocular tissue under the lens, the
buffer in the solution has a concentration in a range from 10 to 100 mM.

The buffer is selected for its compatibility with living corneal and other ocular tissue. In some
embodiments, for example, the buffer includes a phosphate buffer having a concentration in a
range of 25 to 35 mM. For instance, in some embodiments, the buffer includes, or is, sodium
Phosphate having a concentration of about 0.35 grams per 100 milliliter (mL) of solution or
0.35 wt%/volume or about 29 mM. For example, in some embodiments the buffer includes,
or is, a borate buffer in a having a concentration in a range of about 70 to 80 mM. For
instance, in some embodiments, the buffer includes, or is, sodium borate and boric acid
having concentration of about 0.05 grams and 0.5 gm per 100 mL of solution, respectively, or
0.05 to 0.5 wt%/volume, respectively, or a about 1.3 and 79 mM, respectively.

In some embodiments, the scleral lens solution can include other buffer components such as
weak acids and bases, e.g., in concentrations ranging from about 1 to about 50 mM, in some
embodiments. Non-limiting examples include citrate, bicarbonate, or acetate, or, various
combinations of such buffers.

In some embodiments, the scleral lenses solution includes cations consisting essentially of

8
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sodium, potassium, calcium and magnesium. That is, in such embodiments, cations other
than sodium, potassium, calcium and magnesium are only present in trace amounts, e.g., in
some cases, less than about 0.010 mM, and in some cases, less than about 0.0010 mM, and in
some cases, less than about 0.00010 mM.

In some embodiments of the scleral lens solution, however, in addition to sodium, potassium,
calcium and magnesium the solution can further include zinc, copper and in some cases both
zinc and copper. While not being limited by theoretical considerations, it is thought to be
advantageous to provide zinc and/or copper in sufficient concentrations to facilitate certain
metalloenzymes to have normal enzymatic activity. and that the activation of such
metalloenzymes is thought to promote healing of corneal tissue. In some embodiments, the
zinc concentration in the solution is in a range of about 18 to about 42 mg/l, and in some
cases, about 25 to about 35 mg/l. In some embodiments, the copper concentration in the
solution is in a range of about 0.03 to about 0.1 mg/l, and in some cases, about 0.6 to about
0.8 mg/liter.

In some such embodiments, the scleral lenses solution includes cations that consists
essentially of sodium, potassium, calcium, magnesium, zinc and copper. That is, in such
embodiments, cations other than sodium, potassium, calcium, magnesium, zinc and copper
are only present in trace amounts, e.g., in some cases, less than about 0.010 mM, and in some
cases less than about 0.0010 mM, and in some cases, less than about 0.00010 mM.

Some embodiments of the scleral lenses solution can further include one or more
monosaccharides. While not being limited by theoretical considerations, it is thought that
monosaccharides can provide a source of energy for the corneal tissue, which is thought to

promote healing. The monosaccharide are advantageously easily absorbed into corneal tissue,
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e.g., more easily absorbed as compared to disaccharides or more complex saccharides. Non-
limiting example monosaccharides include glucose, mannose, galactose, sorbitol, mannose or
combinations thereof. In some embodiments, the total monosaccharide concentration in the
solution is in a range of about 10 to about 100 mg/liter, and in some cases, about 10 to about
60 mg/l.

Some embodiments of the scleral lenses solution can further include a demulcent. The
demulcent facilitates relieving irritation of the corneal tissue or other occular tissue in contact
with the scleral lens. Non-limiting example demulcents include hydroxypropylmethyl
cellulose (HPMC) or compounds familiar to one skilled in the pertinent art. In some
embodiments, the total demulcent concentration in the solution is in a range of about 0.1 to
about 1.0 g/, and in some cases, about 0.2 to about 0.5 g/1.

Some embodiments of the scleral lenses solution can further include a reducing agent. The
reducing agent can facilitate normal function and health of the corneal tissue. The reducing
agent can also facilitate easing discomfort associated with inserting scleral lens over the
cornea and maintaining the post-lens tear film. Non-limiting example reducing agents
include reduced glutathione, glutathione, lactate, adenosine or combinations thereof. In some
embodiments, the total reducing agent concentration in the solution is in a range of about 0.1
to about 0.5 mg/l, and in some cases, about 0.3 to about 0.5 mg/I.

In some embodiments, the scleral lenses solution is substantially free of artificial
preservatives. The term substantially free as used herein refers to a preservatives
concentration in the scleral lenses solution that is lower than the minimum concentration for
biocidal activity. Artificial preservatives are ofien added to conventional lens solution to

reduce or delay microorganism growth. Non-limited examples of such preservatives include
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benzalkonium chloride, chlorhexidine acetate or gluconate, thiomersal or similar
organomercury compounds, or other ophthalmic preservatives having bactericidal,
microbicidal, antifungal, antiseptic or other biocidal activities.

For some embodiments of the disclosed scleral lenses solution, however, the benefits of such
preservatives embodiments are out-weighed by concerns that the preservative could be toxic
to or at least delay the healing of diseased or compromised corneal tissue. An additional
benefit in not including such artificial preservatives avoiding potential allergic reactions that
may be caused by such preservatives in some individuals.

Still another embodiment of the disclosure is a method of preparing a scleral lens solution
(e.g., a scleral lens insertion, rewetting or rinse solution). FIG. 1 illustrates by flow diagram,
selected aspects of an example method 100 of preparing a scleral lenses solution according to
the principles of the present disclosure. Any of the above-described embodiments of the
scleral lenses solution can be prepared according to the method 100.

The method 100 comprises a step 105 of providing a volume of liquid water, e.g., a volume
up to the total volume used in a batch of the solution. Non-limiting examples of the volume
of water include distilled or deionized and sterilized water or other water preparations,
familiar to those skilled in the pertinent arts, suitable for the manufacture of medical devices.
In some embodiments the volume of water provided in step 105 equals about 70 to about 80
percent, and in some cases, 75 percent of the total volume of water of the final (e.g., batch)
scleral lens solution.

The method further comprises a step 110 of adding sodium, potassium, calcium and

magnesium cations to the volume of water to form a solution, and, a step 112 of adjusting the
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pH of the solution in a range from about to 7 to about 8.7, e.g., using hydrochloric acid or
sodium hydroxide or other suitable strong acids or bases.

In some embodiments of the method 100, as part of step 110, in step 1135, salts of sodium,
potassium, calcium and magnesium (e.g., chloride salts) can be added to the solution.

Various embodiments of the method 100 can further include, without limitation, any one of,
or any combinations of the below-described additional steps.

Some embodiments of the method 100 further include in step 120, adding weak acids or
bases to the solution. Non-limiting examples include boric acid, phosphoric acid, citric acid,
acetic acid, and sodium and potassium salts of these acids as well as other soluble salts. In
some cases some of the weak acids or bases added in step 120 can be part of the step 112 of
adjusting the pH. In some cases, at least a portion of the anions of these acids or bases for
step 120 can be introduced as salts of sodium, potassium, calcium or magnesium as part of
step 115. Non-limiting examples include sodium. potassium, calcium or magnesium
phosphate, sodium, potassium, calcium or magnesium borate and boric acid, sodium,
potassium, calcium or magnesium bicarbonate, and/or, sodium, potassium, calcium or
magnesium acetate.

In some embodiments, the method 100 can include adding zinc cations (step 130), and/or
adding a copper cations (step 135), e.g., as zinc and copper salts. In some embodiments, the
method 100 includes adding one or more monosaccharides (step 140), e.g. monosaccharides,
such as but not limited to, glucose, mannose. or galactose, or, sugar alcohols such as sorbitol.
In some embodiments, the method 100 includes adding a demulcent (step 145), e.g.. such as

but not limited to, hydroxypropylmethyl cellulose, and/or polyvinylpyrrolidinone. In some
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embodiments, the method 100 include adding a reducing agent (step 150) e.g., such as but not
limited to glutathione.

In some embodiments of the method 100, any of the ingredients in steps 110-150 can be
added as solid or liquid components, slurries with water or as solutions in water. For
instance, one or more of these ingredients can be added as solid or liquid components, as
slurries or as concentrated solutions.

In some embodiments the volume of water provided in step 105 and the subsequently formed
solution in step 110 are maintained a ambient temperatures (e.g., about 20 to 22°C). In some
embodiments, in step 160, the volume of water provided in step 105 can be heated to
facilitate dissolving the ingredients added to the volume of water. In some embodiments, the
heating step 160 can be applied to the scleral lens solution formed in step 110 as the different
additional ingredients are added. In some embodiments heating can be applied to stock
solutions of the one or more individual ingredients before the ingredients are added to the
scleral lens solution in steps 110-150.

In some embodiments the volume of water provided in step 105, the scleral lens solution,
and/or, individual stock solution of ingredients, can be heated to a temperature of at least
about 40°C, and in some cases, at least about 50°C, and in some cases, at least about 70°C,
and in some cases, up to about 80°C. In some cases, the volume of water provided in step 105
can be heated in step 160 during, or before, any of the indigents described in steps 110-150
are being added. In some embodiments, for instance, to facilitate rapid dissolving, it can be
advantageous to heat the solution in accordance with step 160 before calcium or magnesium

are added.
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Some embodiments of the method 100 can further include a step 165 of adjusting the total
volume of the scleral lens solution. For instance, the volume of water added can bring the
batch of the solution up to a sufficient amount (Quantum Sufficiat, QS) so that the
concentrations of the ingredients are at their target values in the final (e.g., batch) scleral lens
solution.

Some embodiments of the method 100 can further include a step 170 of sterilizing the scleral
lens solution. Non-limiting examples of sterilizing the solution according to step 170 include
one or more of heating, filtering (e.g., through a submicron filter), or exposure to ultraviolet
or ionizing radiation.

Some embodiments of the method 100 can further include a step 180 of packaging the scleral
lens solution. For instance, in some embodiments, step 180 can include sealing a volume of
the batch scleral lens solution in a sterilized container (e.g., glass or plastic vials or bottles).
In some cases, the volume packaged in step 180 corresponds to a single-use volume of less
than 30 mL.

FIG. 2 illustrates by flow diagram, selected aspect of another example method 200 of
preparing a scleral lens insertion solution according to the principles of the present disclosure.
Any of the above-described embodiments of the scleral lens solution can be prepared
according to the method 200.

The method comprises a step 205 of providing a volume of liquid water suitable for the
manufacture of medical devices. The volume of this initial step can provide in some
embodiments, e.g., approximately 75% of the total volume of water used to make the

solution.
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In some embodiments, step 210 involves dissolving in the volume of water, the salts of
sodium, potassium, calcium, and magnesium(step 215).

In some embodiments of the method 200, weak acids and or bases (step 220) can be added.
Non-limiting examples include boric acid, phosphoric acid, citric acid, acetic acid, and
sodium and potassium salts of these acids as well as other soluble salts.

In some embodiments zinc and copper salts can be added in step 230.

In some embodiments a monosaccharide such as but not limited to monosaccharides such as
glucose, mannose, and galactose as well as sugar alcohols such as sorbitol can be added in
step 240.

In some embodiments a reducing agent such as but not limited to glutathione or reduced
forms can be added in step 250.

In some embodiments a demulcent such as but not limited to hydroxypropylmethyl cellulose,
polyvinylpyrrolidinone, and can be added in step 260. The process for making these materials
may vary and require pre-treatment.

These materials may be added as solid or liquid components, as slurries or as concentrated
solutions.

In some embodiments materials included in steps 210-260 may be added as solid or liquid
components, slurries with water or as solutions in water.

In some embodiments additional water can be added to bring the volume to the total required
water and the pH adjusted using hydrochloric acid or sodium hydroxide or suitable strong

acid in step 270.
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Some embodiments of method 200 can further include a step 280 of sterilizing the solution.
This can be accomplished by one or more of heating, filtering (e.g. through a submicron
filter) or exposure to ultraviolet or ionizing radiation.

Some embodiments of method 200 include a step 290 of packaging the solution. For instance
filling the product into sterile containers made from plastic or glass. In some cases the
solution of step 290 is filled in volumes for single use and corresponds to volumes less than
10 milliliters.

Still another embodiment of the disclosure is a method using a scleral lens solution. FIG. 3
illustrates by flow diagram, selected aspects of an example method 300 of using a scleral lens
solution according to the principles of the present disclosure.

The method 300 comprises a step 310 providing a scleral lens solution that comprises an
aqueous mixture including sodium, potassium, calcium and magnesium cations and a pH in a
range from about 6.5 to about 8.7. The method further comprises a step 320 of contacting a
scleral lens with the scleral lens solution.

In some embodiments, the step 320 of contacting the scleral lens with the scleral lens solution
is part of using the scleral lens solution as a rinse solution in step 330. For example in the
process of caring for scleral lenses, the lenses are cleaned and disinfected using an approved
cleaning and disinfecting/soaking products that contain among other ingredients disinfecting
compounds, cleaners, buffers and often chelating agents. To use the scleral lens, the lenses
are removed from the disinfecting soaking solution, and rinsed with the scleral lens solution
in step 330 by either holding the lens in the palm of one’s hand and rinsing the lens or
alternatively holding the lens between the thumb and forefinger and rinsing both sides of the

lens.
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In some embodiments, the step 320 of contacting the scleral lens with the scleral lens solution
is part of using the scleral lens solution as an insertion solution in step 340. For example, as
part of step 340, the concave side of the scleral lens can be filled with one of the scleral lens
solutions of the disclosure and the lens inserted in the eye such that the lens remains filled
with the solution and no air bubbles are trapped between the lens and the cornea. For
example in some embodiments, after rinsing (step 330), the lens is placed on the forefinger
with the concave side up or alternatively using a device to hold the lens. The concave side of
a lens is maintained horizontally and filled with the scleral lens solution. The lens is
maintained horizontal to prevent loss of the solution and the lens is inserted into the eye
maintaining the head horizontal to prevent loss of the solution from the concave portion of
the lens.

In some embodiments, the step 320 of contacting the scleral lens with the scleral lens solution
is part of using the scleral lens solution as a re-wetting solution in step 350.

To further illustrate various features of the disclosed scleral lens solution, several non-
limiting example formulations of scleral lens solutions are presented below. In the examples
to follow, the pH of the aqueous solutions was adjusted to the selected pH using solutions of
sodium hydroxide and hydrochloric acid. The units in the tables are weight percent per

volume (wt%/vol, e.g., grams per 100 mL of water) unless otherwise indicated.
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Table 1
Example Solution 1 Solution 2 Solution 3 Solution 4
Component
Sodium Chloride (wt%/vol) 0.75 0.75 0.85 0.95
Potassium Chloride (wt%/vol) 0.045 0.045 0.045 0.045
Calcium Chloride(wt%/vol) 0.00377 0.00377 0.00377 0.00377
Magnesium Chloride (wt%o/vol) 0.0018 0.0018 0.0018 0.0018
Sodium Phosphate 0.35 0.35 0.35 0.35
dibasic anhydrous (wt%/vol)
Osmolaity (mosm) 314 316 344 373
pH 7.0 742 7.02 7.02

The example solutions shown in Table | include phosphate buffer and various different

osmolalities (e.g., by adjusting the concentration of sodium chloride) and/or pH.

Table 2
Example Solution 5 Solution 6 Solution 7 Solution 8
Component

Sodium Chloride i 7 0.99 90
(wt%/vol)
Potassium Chloride 0.045 0.045 0.3129 0.3125
(wt%/vol)
Calcium 0.00377 0.00377 0.0189 0.0189
Chloride(wt%/vol)
Magnesium Chloride 0.0018 0.0018 0.010 0.010
(wt%/vol)
Sodium borate/boric acid 0.052/0.5 0.052/0.5 0.052/0.5 0.052/0.5
(wt%/vol)
Osmolaity (mosm) 314 316 344 373
pH 7.0 7.42 7.02 7.02
HPMC 0.1 0.1 0.5 0.5

The example solutions shown in Table 2 include sodium borate/boric acid buffer, the

18
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demulcent (HPMC), and has various different osmolalities (e.g., by adjusting the
concentration of sodium chloride and/or potassium chloride), pH, calcium or magnesium

concentrations.

Those skilled in the pertinent arts to which this application relates will appreciate that other
and further additions, deletions, substitutions and modifications may be made to the described

embodiments.
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WHAT IS CLAIMED IS:
l. A scleral lens solution, comprising:
an aqueous mixture that includes sodium, potassium, calcium and magnesium cations

5 and a pH in a range from about 6.5 to about §8.7.

2. The solution as recited in Claim 1, wherein the aqueous mixture is an artificial
preservative-free pH buffered solution that includes at least one of phosphate buffer or borate
buffer.

10
3. The solution as recited in Claim 1, wherein the aqueous mixture is free of a

strong divalent metal ions chelator.

4. The solution as recited in Claim 1, wherein the aqueous mixture has an

15  osmolality in a range of about 300 to about 450 mosm.

5. The solution as recited in Claim 1, wherein the aqueous mixture includes a

sodium concentration in a range of about 120 to about 170 mM.

20 6. The solution as recited in Claim 1, wherein the aqueous mixture includes a

potassium concentration in a range of about 6 to about 42 mM.

7. The solution as recited in Claim 1, wherein the aqueous mixture includes a
calcium concentration in a range of about 0.5 to about 2.5 mM.

25
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8. The solution as recited in Claim 1, wherein the aqueous mixture has a

magnesium concentration in a range of about 0.3 to about 1.7 mM.

9. The solution as recited in Claim 1, wherein the aqueous mixture has an
osmolality in a range of about 300 to about 450 mosm and includes:

a sodium concentration in a range of about 120 to about 170 mM;

a potassium concentration in a range of about 6 to about 42 mM;

a calcium concentration in a range of about 0.5 to about 2.5 mM; and

a magnesium concentration in a range of about 0.3 to about 1.7 mM.

10.  The solution as recited in Claim 1, wherein the aqueous mixture includes

sodium and potassium with a mole ratio in a range of about 5.0:1 to about 6.5:1.

11.  The solution as recited in Claim 1, wherein the aqueous mixture includes

calcium and magnesium with a mole ratio in a range of about 1:1 to about 2:1.

12. The solution as recited in Claim 1, wherein the aqueous mixture further

includes at least one of zinc or copper.

13, The solution as recited in Claim 1, wherein the aqueous mixture has cations

that consist essentially of sodium, potassium. calcium, magnesium, zinc and copper.

14, The solution as recited in Claim 1, wherein the aqueous mixture has cations
that consists essentially of sodium, potassium, calcium, magnesium and at least one of zinc

and copper.
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15.  The solution as recited in Claim 1, wherein the aqueous mixture further

includes one or more monosaccharide.

5 16.  The solution as recited in Claim 1, wherein a total concentration of the

monosaccharides in the aqueous solution is in a range of about 10 to about 100 mg/liter.

17.  The solution as recited in Claim 1, wherein the aqueous mixture further

includes one or more demulcent.

10
18.  The solution as recited in Claim 1, wherein the aqueous mixture further
includes one or more reducing agent.
19. A method of preparing a scleral lens solution, comprising:
15 providing a volume of liquid water; and

adding sodium, potassium, calcium and magnesium cations to the volume of water to

form a solution and adjusting the pH of the solution in a range from about 6.5 to about 8.7.

20. A method using a scleral lens solution, comprising: providing a scleral lens
20  solution that comprises an aqueous mixture including sodium, potassium, calcium and
magnesium cations and a pH in a range from about 6.5 to about 8.7; and

contacting a scleral lens with the scleral lens solution.
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AMENDED CLAIMS
received by the International Bureau on 20 October 2014 (20.10.2014)

WHAT IS CLAIMED IS:

1. A scleral lens solution, comprising:

an aqueous mixture that includes sodium, potassium, calcium and magnesium cations
and a pH in a range from about 6.5 to about 8.7, wherein the aqueous mixture is configured to

fill a void between a scleral lens and a cornea for a wear period of several hours.

2. The solution as recited in Claim 1, wherein the aqueous mixture is an artificial
preservative-free pH buffered solution that includes at least one of phosphate buffer or borate

buffer.

3. The solution as recited in Claim 1, wherein the aqueous mixture is free of a

strong divalent metal ions chelator.

4. The solution as recited in Claim 1, wherein the aqueous mixture has an

osmolality in a range of about 300 to about 450 mosm.

5. The solution as recited in Claim 1, wherein the aqueous mixture includes a

sodium concentration in a range of about 120 to about 170 mM.

6. The solution as recited in Claim 1, wherein the aqueous mixture includes a

potassium concentration in a range of about 6 to about 42 mM.

7. The solution as recited in Claim 1, wherein the aqueous mixture includes a

calcium concentration in a range of about 0.5 to about 2.5 mM.

8. The solution as recited in Claim 1, wherein the aqueous mixture has a

magnesium concentration in a range of about 0.3 to about 1.7 mM.
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9. The solution as recited in Claim 1, wherein the aqueous mixture has an
osmolality in a range of about 300 to about 450 mosm and includes:

a sodium concentration in a range of about 120 to about 170 mM:;

a potassium concentration in a range of about 6 to about 42 mM;

a calcium concentration in a range of about 0.5 to about 2.5 mM; and

a magnesium concentration in a range of about 0.3 to about 1.7 mM.

10.  The solution as recited in Claim 1, wherein the aqueous mixture includes

sodium and potassium with a mole ratio in a range of about 5.0:1 to about 6.5:1.

11.  The solution as recited in Claim 1, wherein the aqueous mixture includes

calcium and magnesium with a mole ratio in a range of about 1:1 to about 2:1.

12. The solution as recited in Claim 1, wherein the aqueous mixture further

includes at least one of zinc or copper.

13.  The solution as recited in Claim 1, wherein the aqueous mixture has cations

that consist essentially of sodium, potassium, calcium, magnesium, zinc and coppet.

14.  The solution as recited in Claim 1, wherein the aqueous mixture has cations
that consists essentially of sodium, potassium, calcium, magnesium and at least one of zinc

and copper.

15. The solution as recited in Claim 1, wherein the aqueous mixture further

includes one or more monosaccharide.

16. The solution as recited in Claim 1, wherein a total concentration of the

monosaccharides in the aqueous solution is in a range of about 10 to about 100 mg/liter.
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17.  The solution as recited in Claim 1, wherein the aqueous mixture further

includes one or more demulcent.

18.  The solution as recited in Claim 1, wherein the aqueous mixture further

includes one or more reducing agent.

19. A method of preparing a scleral lens solution, comprising:

providing a volume of liquid water; and

adding sodium, potassium, calcium and magnesium cations to the volume of water to
form a solution and adjusting the pH of the solution in a range from about 6.5 to about 8.7 to
form an aqueous mixture, wherein the aqueous mixture is configured to fill a void between a

scleral lens and a cornea for a wear period of several hours.

20. A method using a scleral lens solution, comprising:

providing a scleral lens solution that comprises an aqueous mixture including sodium,
potassium, calcium and magnesium cations and a pH in a range from about 6.5 to about 8.7;
and

contacting a scleral lens with the scleral lens solution, wherein the aqueous mixture is
configured to fill a void between the scleral lens and a cornea for a wear period of several

hours.

21.  The solution as recited in Claim 1, wherein the aqueous mixture is free of a
strong divalent metal ions chelator and the aqueous mixture further includes at least one of
zingc in a concentration range of about 25 to about 35 mg/l or copper in a concentration range

of about 0.03 to about 0.1 mg/I.
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22.  The solution as recited in Claim 1, wherein the aqueous mixture has cations
that consist essentially of sodium, potassium, calcium, magnesium, zinc and copper, the
aqueous mixture is free of a strong divalent metal ions chelator, and the zinc is in a
concentration range of about 25 to about 35 mg/l and the copper is in a concentration range of

about 0.03 to about 0.1 mg/I.

23.  The method as recited in Claim 19, further including adding at least one of
zinc or copper to the solution, wherein the zinc is in a concentration range of about 25 to
about 35 mg/l and the copper is in a concentration range of about 0.03 to about 0.1 mg/l and

wherein the aqueous mixture is free of a strong divalent metal ions chelator.

24.  The method as recited in Claim 21, wherein the aqueous mixture is free of a
strong divalent metal ions chelator and the aqueous mixture further includes at least one of
zingc in a concentration range of about 25 to about 35 mg/l or copper in a concentration range

of about 0.03 to about 0.1 mg/I.
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Statement under Article 19(1)

In response to the Written Opinion of the International Preliminary Examining
Authority (IPEA), mailed on 4 September 2014, the Applicant has amended the claims as
noted in the Amendment to Claims, replacement sheets for the Claims, and, respectfully
offers the following comments:

Regarding the Officers' opinion concerning the novelty and inventiveness of Claim 1
as set-forth in Item V.1-.2 of the opinion, the Applicant submits that Hecht, Gilbard, and
Hecht in view of Collins, as applied in the opinion, have not been shown to teach or suggest
all of the elements of the claims as amended herein.

For instance, Claim 1 recites, among other things, "the aqueous mixture is configured
to fill a void between a scleral lens and a cornea for a wear period of several hours." Similar
elements are recited in Claim 19 and 20. There is no evidence of disclosure by Hecht Gilbard
of Collins of their respective solutions or preparations being configured as a scleral lens
solution such as recited in the claims. In contrast, Hecht's ophthalmic solution appears to
configured to be injected or implanted into eye to replace the vitreous or aqueous humours

lost from the inside of the eye during surgery (see e.g., Hecht, Abstract, C.1,L.30-32;
C.1.,L.55-65; C.2,143.-51; C.3,1.59-64, C.4,L..26-30). Also in contrast, Gilbard's opthalmic

preparation appears to be configured to maintain the occular surface of mucus-containing
goblet cells to avoid medicamentosa of the eye surface associated with frequent
administration of topical medications or solutions (see e.g., Gilbard, abstract C.1, [..10-14;
C.1, L28-31).

The Applicant submits that dependent Claims 2-18 and new dependent Claims 21-24
are novel and inventive at least because these claims depend upon one of Claims 1, 19 or 20,
which for at least the reasons presented above are novel and inventive over the cited

references.
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Independent of, or in addition to, the above arguments, concerning the Officers'
opinion that Claim 3 lacks inventiveness, the Applicant respectfully note that the basis for the
opinion appears, as stated in in the opinion, "because Golden does not include any chelator in

its solution formulation." However "Golden" does not refer to any reference identified or
relied upon in the written opinion, and therefore there is no evidentiary basis for this opinion.
The Applicants further submit that Hecht's apparent complete silence with respect to the
presence or absence of strong divalent metal ions chelator in his replacement solutions for
vitreous or aqueous humours ("Hecht does not specifically disclose that the aqueous mixture
is free of a strong divalent metal ions chelator"), does not constitute evidence of a teaching or
suggestion of a aqueous mixture of a scleral lens solution that is free of a strong divalent
metal ions chelator.

Also independent of, or in addition to, the above arguments, the Applicant
respectfully submits that none of the cited references teach or suggest all of the elements of
Claims 21-24. For instance, Collins' disclosure (para. [0022]) of including zinc chloride, to
adjust the tonicity of his ophthalmic solution, suggests much higher concentrations of zinc
than appropriate for enzyme activation, such as disclosed in the present application (see e.g.,
Specification, P.9,1..5-14). For instance, Collins' disclosure (para. [0014] and [0046]) of
including zinc or copper to stabilize the presence of peroxide in his ophthalmic solution also
includes DTPPA which appear to by a strong divalent ion chelator. Moreover the
concentrations of zinc and copper that Collins discloses for peroxide stabilization are much

higher than the concentrations recited in Claims 21-24.

Conclusion

In view of the amendments submitted as well as the preceding discussion, the
Applicant sees all of claims currently pending in this Application to be in condition for a
favorable opinion of patentability. The Applicant, therefore, earnestly solicits an
international preliminary examination report indicating that the pending claims possess the
novelty, inventive step, industrial applicability under of the PCT.

Concurrently submitted with this letter, are replacement sheets for the Claims.
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