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t 0. appar at uses and net hods for accel erated corneal reshaping involving the
refease of enzyme(s) or other agents which facilitate reshaping of the
cornea to reduce or elimnate refractive errors of the eye. Background of
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human cornea. The nponent s t he cornea are
pl i abl e and wiitloiy 4-Heells thick. Beneath the epithelium is the acellular Bowmans membrane The

middle layer is the stroma, which is composed of scattered corneal fibroblasts (keratocytes)

among organized lamellae of collagen, proteoglycans, and glycoproteins. Below the stroma
is another acellular layer called Descemet’s membrane. The innermost layer of the cornea,
comprised of a single layer of flattened cells, is the endothelium.

The structural components of the human cornea are chiefly proteoglycans and
collagens. Proteoglycans are composed of a hyaluronate core, a protein core, and
glycosaminoglycans, which are proteoglycan monomers with repeating disaccharide units.
Approximately 60% of the glycosaminoglycans of the cornea are made up of keratan sulfate,
while the remaining 40% are mostly chondroitin sulfate. The other main structurai
component of the cornea, collagen, is found in seven different forms in the human cornea.

These structural components of the cornea are somewhat pliable and allow the
cornea to be reshaped with a series of progressive contact lens changes to~correct refractive
errors. This procedure is known as Orthokeratology. The methods of Orthokeratology
without the use of enzymes or other agents originated in 1962 as an extension of normal
contact lens use. Orthokeratology is generally defined as the therapeutic¢ use of contact
lenses to reshape the corneal curvature, thereby improving refractive errors of the eye. Dr.

Charles May and Dr. Stuart Grant are credited with pioneering the process. University and



cofnea to be reshaped with a series of progressive contact |ens changes to
coLrect refractive errors. This procedure is known as Othokeratol ogy. The
nethods of Orthokeratol ogy without the use of enzymes or other agents
originated in 1962 as an extension of nemmal contact |ens use.
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‘When treating myopia, new contact lenses are refit with flatter curvatures, less
correction, larger diameters, and greater thickness as the Orthokeratology program
progresses. The patient’s central corneal curvature continues to lessen (flatten and become
more spherical), myopia and astigmatism are reduced, and unaided (natural) visual acuity
improves significantly. When the maximum desired results are achieved or the patient
ceases to improve, retainer contact lenses are worn full time or part time to retain the
results. ' )

For traditional Orthokeratology procedures, university and dlitiical fesearch indicates
the following limits of change: 4 diopters of myopia and 2.5 diopters of astigmatism change,
no appreciable hyperopia change, 2 diopters of central corneal change, and 9 lines of
unaided visual acuity change on the Snellen chart. Regression may occur in hours or days
if retainer lenses are not worn.

Notwithstanding the foregoing, there remains a need for an improved method of
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posterior layer has a curvature sufficient to produce emmetropia in an eye.’

The second aspect of the present invention also provides a contact lens for delivering

agents to an eye. The contact lens of this aspect also includes a rigid anterior layer and a
rigid posterior layer. In this aspect, an intermediate portion of the posterior surface of the
anterior layer has a steeper radius of curvature than the anterior surface of an intermediate
portion of the posterior layer. The lens of this aspect has a channei in the intermediate
portion of the posterior layer. The channel passes from the convex side of the posterior
layer to the concave side of the posterior layer. The concave side of the anterior layer and
the convex side of the posterior layer are joined, thereby forming a peripheral chamber
between the layers in the intermediate portions. The channel is in communication with both
the peripheral chamber and the posterior surface of the posterior layer of the contact lens.
In a preferred embodiment of this aspect of the invention, the concave side of the posterior
layer has a central radius of curvature sufficient to produce emmetropia in the eye.
Still another aspect of the present invention provides an agent that softens the cornea of a
mammalian eye for use in correcting refractive errors in the mammalian eye. The agent can
be provided in combination with a rigid contact lens. The contact lens in the combination
preferably has a concave curvature to produce a desired configuration ifi the eye.

In yet another aspect of the présent invention, there is provided a method of
reshaping a cornea from a first configuration to a second desired configuration in order to
correct refractive errors in an eye of a subject mammal. In this method a‘soft contact lens
is provided and Ioaded with an amount of a corneal softening agent sufficient to soften the

cornea in the eye. Thereafter, soft contact lens is fitted to the cornea and the softening
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In another aspect of the present invention, a method of correcting refractive errors
in an eye of a subject mammal is disclosed, comprising the step of first administering to the
subject a corneal softening amount of an agent that softens the cornea in the eye of the
subject so that the cornea can be reshaped from a first configuration to a desired second
configuration. After the cornea has been softened, a rigid contact lens having a concave
curvature of the desired second configuration is fit onto the cornea. Under the influence
of the lens, the cornea is permitted to reshape to the desired second configuration. When
the cornea is capable of maintaining the desired second configuration without the support
of the lens, the lens is removed. The corneal softening agent can be chosen from any of a
number of enzymes, enzyxﬁe activators, and other agents which act on the structural
components of a cornea. For example, the corneal softening can be af_t—{'énii"me which breaks
down proteoglycans in the cornea, such as chondroitinase AC, chondroitinase ABC,
keratanase, hyaluronidase, or matrix metalloproteinase-3. Such an agent can also be an
enzyme which breaks down collagen in the cornea, such as matrix metalloproteinase-1 or
matrix metalloproieinase-2. In another embodiment, the agent is an activator of an

endogenous enzyme which breaks down structural components of the cornea. Such an agent
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progressively more similar to that of a desired corneal configuration. In another preferred

form, the contact lens can be constructed from two layers laminated to each other. In this
preferred form, a chamber for holding fluid is formed between the two layers when the
contacting surfaces of the two layers are laminated together. The posterior layer of the
contact lens used in this preferred form has at least one hole for delivering fluid from the
chamber to the eye. The central concave radius of the contact lens can be equal to the
convex radius required by the cornea to render the eye emmetropic. The agent can also be
administered by injecting the agent directly into the corneal stroma from a side of the eye
or by injecting the agent anteriorly through the epithelium of the eye. The method can also
include fitting a soft contact lens which comprises a material, such as collagen, that is
impregnated with the agent before fitting the rigid contact lens.” ‘THiS method can be used
with inhibitors which slow or halt the corneal softening activity of agents used in the present
method to soften a cornea. Such agents aid in the hardening of a cornea after it has been
softened and help to lock in a desired configuration which has been imparted to the cornea.
Promoting such corneal hardening involves administering to the eye of a subject whose

cornea has been softened with a corneal softening agent an amount of an inhibitor of the
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' cornea and making it more pliable. Then, the cornea is reshaped to the posterior curvature
of the rigid center of the combination lens and rendering the eye emmetropic.

The invention also provides another aspect that is a method of correcting refractive
errors in an eye of a subject mammal. This method includes the step of providing the
contact lens as described above as the first aspect of the present invention. The center
chamber of the contact lens portion is loaded with an amount of a corneal softening agent
sufficient to soften the cornea of the eye. This agent is released into the cornea from the
central chamber, thereby softening the cornea and making it more pliable, the cornea then
reshaping to the inside central curvature of the posterior layer of the contact lens.

Still another aspect of the invention is also a method of correcting refractive errors
in an eye of a subject mammal. In this method, a contact lens as described as the second
aspect of the present invention is provided. The method includes the step of loading the

peripheral chamber of the contact lens with an amount of a corneal softening agent

- . e

sufficient to soften the cornea of the eye. The corneal softening agéint is eleased into the
cornea from the central chamber, thereby softening the cornea and making it more pliable,
the cornea then reshaping to the inside central curvature of the posterior layer.

The invention also includes another aspect in which there is provided a method of
rehabilitating corneal irregularity and correcting refractive errcr in an eye of a subject

mammal with irregular corneal shape. This method includes the step of identifying a subject
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to"that of a desired corneal configuration. In another preferred form the

contact |lens can be constructed fromtwo4-ayers | am nated to each other. In ~

this preferred form a chanber for hol diggﬂf‘luid is fornmed between the two
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agents ai d rcornedewvirpaghe inregylapfcomeaibshape onfunegrrédtecheafraptieneorf thes éxl carndalhel p
to lock in gurdgsi red configuration which has been inparted to the cornea.
Pronot i ng stcfcorneal har deni ng involves adninisterihg to the eye of a
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having a concave curvature of the desired second configuration and the cornea permitted

to reshape to the desired second configuration under the influence of the lens. The lens is
removed when the cornea is capable of maintaining the desired second configuration without
the support of the lens. The corneal manipulation can be any of a variety of such
techniques, including radial keratotomy, corneal transplant surgery, cataract surgery, and
corneal reshaping by laser.

The invention also includes a method of slowing or halting the softening of a cornea
and promoting corneal hardness. This method includes the administration of a corneal
hardening amount of an inhibitor of an enzyme or agent which produces corneal softening.
Any of a variety of inhibitors can be used, including EDTA, N-ethyimalimine, cycloheximide,
1, 10 phenantroline, phenylmethane sulfonyl fluoride, TIMP, TIMP-2, IMP, cysteine, ferric
ion, and cupric ion. '

C o~ e -

Brief Description of the Drawings ~~
Figure 1 is a plan view of an Enzyme-Orthokeratology rigid gas permeable contact

lens for myopia.

Figure 2 is a cross-sectional view taken along the lines 2-2 on Figure 1.



used is hyaluronidase, the inhibitor can be a hyal uroni dase inhibitor such
as cysteing and EDTA. Another aspect of the present invention provides a

nmetgrod of correcting refractive errors in an eye of a subject mammal. The
met hod includes the step of providing a _¢pmbination contact |ens having a
rigid center and a soft annul ar skirt extending beyond the outer perineter

of the rigid cen;:gure Jhes %isgﬁgn&&%ﬁﬁegélﬁa%i&a PR sBdtidnd| g@&f%ﬁ?at'on of

sufficient to render an eye of the subject manmal emmetropic. Another st ep
of this net FYEPESoTsadnseid knes.camprise € feridedlishapeshosminphantemefoboving she

sof t eni ng ag@mmtgg?}&gﬁtﬁ,@nggg_ten the cornea of the eyerel easing the
cornea softening _agent into the cornea, thereby softening the cornea and

making it nore pFigss 3B isthachematiillugration of the oamergenretaf lighteophetretingpin an
curvature of éﬁh%iﬁ#:&lrﬂxa?@% r of the conbination lens and rendering the eye
emmet r opi c. The I nvention al so provides another aspect that is a nethod of
correcting ref r afigue3@€s o sdheimatiarepespentation ok thsj convergeneaef lighthindrans of e

i ncl udes th?etg\%q#ﬁg{%gg@ygwefgg%egont act |l ens as descri bed above as the

first aspect I ent thion. The center chanmber of the contact

| ens portion is FiguedAs aischematimilustratédn of dhercanvdrgense oé lightgwitljethe eye at
sufficient e C ;@g . This agent is released into the
cornea from %ﬁéﬁ%%n r ﬁghg&n%g%g?éﬂe e §yn§'ofteni ng the cornea and making it
more pliabl e, thEiguoe 4Bdllustrates thesientpalmgriteal ¢urvatiresinde astigmatid ey, ilinstrating of

t he posterigr,laver .of the nt act . ' A ect. of .t he
i nvelrcl)t I on : gs%?rg% rgd%{){]%u ag‘f(}eg%&‘ e%ﬁ%gﬁla%’alfl JP%%? Q\Q/é Z}{lro gﬁ% rla{i]xugﬁf %‘K%atg'fe a
subj ect nmanwithin d secbid planesibeeintidly perjendiculae s thedfirstestand. bed as the second

o Toading the pERFEHACIF % Rishour® o M Sepn PRI RS ordars e B s
corneal sof hafpmagisagent sufficient to soften the cornea of the eye. The
Chamber , ¢ her oby FUft o Hseira 56 CREVPTEREE ARAERL PeRnddRe BiPt e £e of
cornea t hen_fgrgigma@;dgg(}{ypeﬁobﬁ)_i nsi de central curvat ure of t he post er i or
provi ded & mot holigOFe SBRARSFHF e r el Haae] raglet Epoant CrBRkeatloey
refractive @f h@brdalicé*Wwith)Re PfesentSiHiin€i6h, HBOHAlinek, tandi the 8BaPelbf HRrddeRda in
shape. This nethod, includes the step _of identifying a subject
phantom lines following the method of the present invention.
Figure 5C is a plan view of an Enzyme-Orthokeratology contact lens for hyperopia.
Figure SD is a cross-sectional view along the lines 5P-5D in Figure 5C.
Figure 6 is a plan view of an enzyme releasing soft collagen contact lens.
Figure 7 is a plan view of a saturn-type enzyme releasing lens.
Figure 8A is a plan view of a “pigey back" enzyme releasing Orthokeratology lens.
Figure 8B is a cross-sectional view taken along the lines 8b-8b in Figure 8a.
Figure 9 is a microphotograph of a cross section of the human cornea.
Figure 10 is an enlargement of the microphotograph illustrating the human stroma
(coliagen fibrils and mucopolysaccharide layers).
Figure 10A. is a schematic diagram showing a cross section of a Human cornea.
Figure 10B is an enlarged schematic view of the components of the corneal stroma
encompassed by circle 10b of Figure 10a.
Figure 11 is a plan view of the underside of a particular embodiment of a contact
lens of the present invention.

Figure 12 is a cross-sectional view of the contact lens of Figure 11 along line 12-12.



-7-"with irregular corneal shape. A corneal softening anount of an agent
that softeps the cornea of the eye of the subject is admnistered to the
subj ect so that the cornea can be reshaped froma first configuration to a
desired second configuration. The cornea is then fitted with a contact |ens
havi ng a concave curvature of the desire&-second configuration and the
cornea permtted to reshape to the desired second configuration under the

i nfluence of the Higng 13 Ttwepheniwi of thenmdestdgpbanotine Qlfféhog'é@mt@fea;pa!lable{emf

mai nt ai ni ng Jrlig ot ond configuration w thout the support of the
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of the foll ow ng Hgmeil4 isonarosseectionsloriers of hewontact leanef Figuredddlangdine 4u-14.
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fﬁfet 23 Imnﬁi g:bfe;élgﬁx ?(?;gn&@ ﬁ;@?dhezzgman’s membrane 72, Desc;emef’s mem:rane 74, aﬂ:d in =

the endothelium 76, the primary structural components of the cornea are located in the

stroma 78. As shown schematically in Figure 10B, the structural components of the stroma
include collagen fibrils 82 and proteoglycans 84. In the methods of Enzyme-
Orthokeratology, enzymes and/or other agents which degrade such structural components
are administered to the cornea in order to soften it and make it more pliable. The term
“soften” is used herein to denote the modification or degradation of one or more of the
structural components of the cornea, which results in the cornea becoming softer and more
pliable. The cornea can then be reshaped using a contact lens or other means.
I Enzymes and Other Agents Used in Enzyme-Orthokeratology

A number of enzymes may be used to perform the corneal softening function of
Enzyme-Orthokeratology. However, Enzyme-Orthokeratology is not limited to the use of
enzymes. Also included are a number of other agents, including drugs and chemicals, which
can be administered to soften a cornea in addition to or instead of administering enzymes.
Of particular interest are agents which activate or inhibit enzyf;’.u;sr A'.gents other than
enzymes can also be used to accomplish aspects of Enzyme-Orthokeratology besides corneal
softening.

A. Exogenous Enzymes Used in Enzyme-Orthokeratology

Enzymes are protein molecules that speed up chemical reactions. In order to

increase the rate of a reaction, an enzyme combines with one or more substrate molecules



hardeni ng anount of an inhibitor of an enzynme or agent which produces
corneal softening. Any of a variety of inhibitors can be used, including
EDEA, N-ethyl malim ne, cycloheximde, 1, 10 phenantroline, phenyl nethane
sul fonyl fluoride, TIMP, TIMP-2, | MP, cysteine, ferric ion, and cupric ion.
Brief Description of the Drawi ngs Figure-ilgis a plan view of an
Enzyme- Ort hokeratol ogy rigid gas perneable contact |ens for nyopia. Figure
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yaluronic acid, chondroitin, and chondroitin 4 sulfates A & C. Thus, it is able to break

down mucopolysaccharide chains. Mucopolysaccharide is one of the intracellular ground

substances (cement or glue) of the stroma, the connective-type tissue of the middle layer of
the corpea.

The shape of the cornea is largely dependent on the arrangement of collagen fibrils
in the stromal layer of the cornea and on the arrangement of the mucopolysaccharide layers
between these fibrils. Hyaluronidase, which is specific to only the mucopolysaccharide layer,
breaks down mucopolysaccharide chains when released into the cornea. The stroma is
thereby temporarily softened and the cornea becomes more pliable.

Hyaluronidase may be obtained from any of a variety of sources, including bovine
(bull) testes, ovine (sheep) testes, and Streptomyces (bacteria). The hyaluronidase enzyme
is preferably used as a lyophilized powder (freeze dried). One form of hyaluronidase is
avajlable under the trade name Wydase®, available from Wyeth Laboratories, Inc.,
Philadelphia, Pennsylvania. The Wydase® hyaluronidase is a preparation of highly purified

. bovine testicular hyaluronidase, and is available in two dosage forms. The lyophilized form
is available as a sterile, white odorless amorphous solid powder and may be reconstituted
with sodium chloride injection USP before use, typically in the proportions of about 1
milliliter per 150 USP units of hyaluronidase. A hyaluronidase'- goi';i}iox;:is also available,
containing 150 USP units of hyaluronidase per ml, with 8.5 mg sodium chloride, 1 mg
edetate disodium, 0.4 mg calcium chloride, monobasic sodium phosphate buffer, and no
more than about 0.1 mg thimerosal. -

In a preferred embodiment, the lyophilized form of the hyaluronidase enzyme is

placed in a solution comprising sodium phosphate, a buffer to keep the pH proper; sodium



in accordance with the present invention, in solid lines, and the shape of
the corneain phantomlines follow ng the nmethod of the present invention.
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with the present invention, there has been provided an i nproved )
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nore enzynes and/or the use of other %gents . . .
form) is combined with 1 ml distilled H,O and sufficient NaCl, NaPO, dibasic, and bovine
serum albumin to produce an isotonic solution. The pH is tested and maintained at a level
of 5 - 7 (near the biological pH). HCI (.05 molar) drops can be added to lower the pH and

NaOH added to increase the pH in order to establish and maintain an appropriate pH.

It has been found that an appropriate dose of hyaluronidase for softening a cornea
in a mammal is between approximately 50 units of enzyme per milligram of substrate to
approximately 5,000 units per milligram of substrate, in this case the mucopoiysaccharidé
of the cornea. Dosages between 100 and 1,500 units per milligram of substrate in particular
have been found to be safe and effective. At lower dosages, multiple administrations may
have to be made, where a single administration can be effective when a higher dose of
enzyme is used.

Other enzymes which act on the proteoglycan structural components of the cornea
can also be used to soften a cornea in accordance with the present invention. For example,
enzymes such as chondroitinase ABC, chondroitinase AC, keratanase, and stromelysin can
be used in place of or in addition to using hyaluronidase. These additional enzymes work
on various proteoglycan components of the cornea, as shown in Table 1 below. In a
preferred embodiment, a combination of enzymes is used to soften the cornea of a patient.
By breaking down different structural components of the cornea at the same time, it is
believed that the cornea can be softened more quickly. An example of a preparation for
breaking down proteoglycans is Dispase™, available from Boehringer Mannheimm
Biochemicals (Indianapolis, Indiana), which comprises a non-specific neutral protease from

Bacillius polymyxa.



in-the Othokeratol ogy contact |ens program In the traditional
Ot hoker at ol ogy program the cornea is nerely bent or conpressed, while the
underlyi ng 'structural conponents renain unchanged. In the nmethods of
EnZyme- Ot hoker at ol ogy, on the other hand, the cornea is softened, that is,
the structural conponents of the corneajare partly degraded and/ or
nodi fi ed, so that such structural conponents can be reforned. In this way,
t he cornea can take on and hold a newTaBapd preferably w thout any need
for the continued use or support of contact |enses. Although sone
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below, matrix metalloproteinase 1 and matrix metalloproteinase 2 break down various types
of collagen. Such enzymes can be used individually or in combination with enzymes that
break down proteoglycan components of the cornea. Of course, other corneal softening
agents can also be used in conjunction with enzymes that act on proteoglycan or collagen
components of a cornea. Other enzymes or formulations can also provide acceptable results,
as can be readily determined through routine experimentation by one of skill in the art in
view of the present disclosure.
TABLE II

ENZYMES Specific for COLLAGENS _

-ENZYME SUBSTRATE

Interstitial Collagenase Types 1, IT, IX
{Matrix Metalloproteinase 1)

Gelatinase Types IV, VII and Denatured Types I, II, TII
(Matrix Metalloproteinase 2)
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Alternatively, endogenous enzymes can be activated by inactivating inhibitors of

those enzymes. For example, iodoacetamide, available from Sigma Chemical (St. Louis,
Missouri), can be administered to a cornea in order to inactivate inhibitors of endogenous
metalloproteinase eﬁzymes. Once the inhibitor of the endogenous enzyme is itself
inactivated, the endogenous enzyme becomes active.

C. Inhibitors of Enzymes Used in Enzyme-Orthokeratology

In a further aspect of the present invention, inhibitors of enzymes and agents which
break down the structural components of a cornea are disclosed. Such inhibitors are used
to slow or stop softening reactions in a cornea, thereby controlling the rate and/or amount
of corneal softening produced by the administration of an enzyme or agent to the cornea.
By slowing or stopping the softening of a cornea, it is believed that an inhibitor allows a
subject’s natural mechanisms fore repairing or replacing damaged or modified structural
components of the cornea to begin the process of rebuilding the cornea and returning it to
its previous structural integrity. This process can be referred to is the "hardenmg" of the
cornea. Inhibitors can therefore be used to more closely contr(;l' thé; amount of softening
which occurs as the result of the administration of an enzyme or agent which produces
corneal softening.

Included among the inhibitors of the present invention are inhibitors of specific
enzymes used to soften a cornea. These inhibitors stop the softening process by inhibiting

the enzymes which break down the collagen, proteoglycan, and other structural components
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D. Determining Enzymes and Inhibitors and their Dosages

The enzymes, inhibitors, and other agents, used in the methods of the present
invention, in addition to the proper dosages of such agents, can be determined by one of
skill in the art through routine experimentation. Such experimentation can comprise testing
a dose of an enzyme, inhibitor or other agent on donor globes (eyes) mounted in plastic
model sockets or testing such a dose on laboratory animals. Briefly, to determine an
appropriate corneal softening amount of a known softening agent or an agent to be tested
for its ability to produce corneal softening, a dose of the enzyme or agent is administered
to a cornea in a donated eye or a cornea of a test animal, and the softening effect of the
agent is thereafter determined.

In order to determine whether an enzyme is effective in softening a cornea, or if the
enzyme is a known softening agent, whether a particular dosage of the enzyme will product
corneal softening, the enzyme is first mixed in a carrier vehicle fhat’ is'jgi.harmacologically
acceptable to a mammal. Preferably, the enzyme used is in lyophilized (dry powder) form,
and is dissolved in isotonic saline. However, one of skill in the art will understand that a
variety of pharmacologically acceptable carriers which do not interfere with the functioning

of an enzyme can be used.



It has been found that an appropriate dose of hyal uroni dase for softening a
cornea in a manmal is between approximately 50 units of enzyne per

mlgd i gram of substrate to approximately 5,000 units per mlligram of
substrate, in this case the nucopol ysacchari de of the cornea. Dosages

bet ween 100 and 1,500 units per nilligranlgg_substrate In particul ar have
been found to be safe and effective. At | oweér dosages, nultiple

admini strations may ReVEsst 8 fE e in WBIBfi6n B tﬁémmxﬁngmmé& E&%&H LRaL8E
d O I ch ‘act "On

effective when a higher dose of €nzyme iI's used. er enzynes
t he proteogl y&afetemine it eemeal softrningreiiecto in prreprosedvsaiar sestiak sozyimestbe dngyme

soften a cor Ngainjs RestGLR HANARmMLd s Goméeg?&ié& IgéﬂX gk QE\umER dofidd] rm%lﬁxaed in

enzynes such as chondroitinase ABC, chondroitindse AC, keratana

stronel ysi n cBlistisesagkets Thisppraeaduest is partioylagly direfead for deteminingthe effeitddsa.
These additiog r | g

Cornea. as ShogirCAnmA ol HeAR-L R s Bap aoh A0 RBE BAFRE Sedb btfouc
of enzymes i ssibjesting @ kivddg persorte eperimgntefion pPatpmarnt gloiByudeddakthisgprdcadure is
different str I St he. . ti i t. 1S

bel i oved t hat °} g{egg?ﬁ%gg@‘g‘%ﬁ%%@&@gﬁé“%q%?%“%?%‘E aﬁ.ﬁ‘%ﬁmé‘)‘?g; the ighrageular
prepar ati on f prestnre ak thegglolmat apporipogtly 2&men Bg. Di spase[err], available from

Boehri nger Mannhei i qcheni cal s (I ndi anapolis.. lndiana), .which conprjses
a non-specific neu%ﬁe%rg Qe%‘agf:e om %ag?efll ?‘#Jns‘m[ias(tﬁr?/érjrfga&)e dW%Z‘-’“‘ﬁ?BLE*‘Fﬁ
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sul phat e eye and a change in the refractive index of the eye. After a test period of time, the
mounted globe is then examined to determine whether any corneal softening has occurred,
and if so the extent of such softening.

The examination of the cornea can be performed, for example, through slit-lamp
examination, which can determine the presence and clarity of a cornea. If no cornea is left
after the treatment, then the dosage used in that case is an overdose. If the cornea has not
disintegrated, then a number of determinations can be made to determine the extent of any
corneal softening following treatment, as is known to one of skill in the art. For example,
the treated cornea can be further subjected to (1) pachymetry, to measure the thickness of
the cornea; (2) computer assisted corneal topography, to evaluate the surface topographical
change; (3) a measurement of the tensile strength of the cornea; (4) a measurement of the
distensibility of the cornea in response to increased intraocular pressure; (5) keratometry,
to measure central corneal curvature; and (6) retinoscopy, to measure the refractive error
of the cornea. The values determined through these tests can be compared to values
determined prior to the administration of the enzyme.

In addition, a treated cornea in a mounted globe can be subjected to a number of
other tests in order to determine the strength and viability of the cornea following
treatment. For example, light, scanning, and transmission electrof fificrascopy can be used
to examine the morphology of the cornea; a tissue culture can be prepared to determine the
viability of the cells of the cornea following treatment; biochemical studies can be made of
the collagens and other structural components of the cornea following treatment, including
the use of an optical multichannel analyzer which allows spectroscopy of the corneal tissue;

and immunofluorescent studies with antibodies specific for structural components of the
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Following the administration of enzyme to the cornea of the animal, the animal’s
cornea can be subjected to the following examinations: pachymetry, to measure corneal
thickness; computer assisted corneal topography to evaluate the surface topographical
change of the cornea; slit lap examination to determine the clarity of the cornea, anterior
chamber and iris; tonometry, to measure intraocular pressure; fundoscopic examination, in
order to evaluate the optic nerve and retina; keratotomy, to measure central corneal
curvature; retinoscopy, to measure refractive error; and staining with fluorecein or Rose
Bengal to identify damage to the corneal epithelium. The values determined through these
tests can be compared to values determined prior to the administration of the enzyme, as
well as to values determined with respect to the untreated eye of the animal.

Activators of endogenous enzymes and other corneal softening agents not disclosed
herein and proper doses of such known and unknown agents can be determined as described
above in relation to determining enzymes and doses of enzymes.

In order to determine whether an agent acts as an inhibitor of corneal softening, or
to determine whether a particular dosage of an inhibitor is effective, a corneal softening
amount of an exogenous enzyme, an activator of an endogenous enzyme or other corneal
softening agent is first administered to a plurality of donor globes or to the corneas of an
experimental animal, as described above. When using experimental animals, once the
corneas have begun to soften, one cornea of the experimental anliidl is then treated with
a test dose of the inhibitor or the agent to be tested for its inhibitory effect in order to
determine whether the does of the inhibitor or test agent can stop the softening process.
The other cornea is left alone as a control. When using donor globes, a plurality of corneas
can be tested, as long as one is left untreated as a control. The treated corneas can then

be tested with a does of inhibitor or test agent. The control cornea and tested corneas
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too slowly to have any appreciable softening effect, and so must be defivered by some means
other than unaided diffusion. This term also denotes any molecule which cannot so diffuse
into the cornea for any other reason.

Injection, however, is a method of administration that is unpleasant to a subject and
is therefore not preferred when other means of delivering an enzyme or agent are possible.
Means of aiding diffusion across the eye into the cornea are more preferred. Such means
include, for example, the use of liposomes to deliver the enzyme or agent. The enzyme or
agent is packaged into liposomes, which can pass across the lipid soluble membrane of the
corneal epithelium and into the corneal stroma. Other means of aiding diffusion include
the use of an electrical current to make the outer membrane of the eye more permeable to
the passage of enzymes and agents, known as iontophoresis.

In a more preferred embodiment, the enzymes and agents used to soften the cornea
of a subject are administered in the form of an eye drop. This méthod of administration
is particularly preferred when the agent or enzyme being delivered is not a large molecule.
For example, iodoacetamide can be administered in the form of an eye drop. A solution
of .05% to 0.25% (g/100 ml volume) iodoacetamide is prepared by dissolving .05g to .25g
iodoacetamide in 100 ml isotonic saline. One to two drops of the solution is then

administered every hour for about four hours to a subject.
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lens in a solution containing the enzyme or agent. The enzyme or agent can also be loaded

intc a combination of a soft and a rigid lens, as shown in Figure 8B.

In all of the foregoing embodiments of a contact lens for administering enzyme or
agent, the enzyme or agent is administered as it diffuses out of (is released from} the
chamber in the lens or the material of the lens (if the enzyme or agent is soaked into a soft
lens). I¥f the enzyme used is hyaluronidase, dosage volumes are typically in the range of
from about two drops to about six drops, and preferably between about three drops and five
drops of the 500 units/pl formulation described above. Dosages for different refractive
conditions and contact lens delivery vehicles can be optimized through routine
experimentation by one of skill in the art.

In accordance with one method of administration through contact lenses of the
present invention, enzymes and agents can be applied to the eye through the use of rigid
contact lenses 10 as shown in Figs. 1-2. These lenses can be made from known fluoro
silicone acrylate lens materials which are gas permeable. The lens is provided with an
internal chamber 11 for storing the cornea softening agent. Thé chamber 11 preferably
comprises a radially symmetrical space encircling the entire lens 10 between the anterior
surface 12 and posterior surface 13 of the lens 10.

Rigid lenses for the present purpose can conveniently be made by lathe cutting,
molding, or milling a posterior component and an anterior component from a contact lens

button which, during fabrication, can be secured together to form a unitary lens using
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I nhi bitors, and other agents, used in the nethods of the present invention,
in ;addltlon to the proper dosages of such agents, can be determ ned by one
of skill in the art through routine experinmentation. Such experinentation
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gl obes (eyes) nounted in plastic nodel sockets or testing such a dose on
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to about 0.010 mm, and preferably about 0.005 mm. The number and diameter of the holes
16 can be varied to affect the time release characteristics, as will be apparent to one of skill
in the art. In general, however, for the diameter ranges specified above, from about 3 to
about 10 holes are contemplated to be used.

In a preferred embodiment of the lens 10 of Figures 1 and 2, the posterior portion
of the lens has a centerpoint thickness of approximately 0.12 mm and an annular recess is
lathed to a depth of about 0.075 mm. A number of holes 16, each having a diameter of
about 0.005 mm, are drilled through the bottom of chamber 11 and spaced equidistantly
apart around the periphery of the chamber 11 to provide communication with the posterior
surface 13 of the lens. Although five holes are shown in Figure 1, the number of holes will
vary, depending on the desired rate of administration of enzyme or agent from the chamber
11.

The anterior portion of the lens, having a centerpoint thickness of about 0.12 mm

* is thereafter secured to the posterior portion to enclose the anitlar Tecess and form
chamber 11, thereby forming a lens having an overall center thickness of about 0.24 mm.
Bonding can be accomplished by applying a small amount of a bonding agent such as
Concise™ enamel bonding system sold by 3M (St. Paul, Minnesota). Other means of joining
the posterior and anterior portions of the contact lens will be apparent to those of skill in
the art.
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In another aspect of the present invention, a contact lens is provided which is
composed of two layers which are laminated together, as shown in Figures 12 and 14. In
this improved design for a contact lens of the present invention, larger chambers for storing
enzyme or agent can be created.

In this contact lens, an anterior portion 110 of the contact lens 100 is manufactured
having an anterior surface 112 and a posterior surface 114. A posterior portion 113 of the
contact lens 100 is also manufactured with an anterior surface 115 and a posterior surface
117. The outer perimeter 120 of the posterior surface 114 of the anterior portion 110 is
designed to have the same radius of curvature as the outer perimeter 124 (best shown in
Figure 11) of the anterior surface 115 of the posterior portion 113. In this way, when the

- posterior surface 114 of the anterior portion 110 and the antérior suiface 115 of the
posterior portion 113 are laminated together, a seal is formed between the outer perimeters
120, 124 of the anterior and posterior portions.

However, in a central portion 126 of the anterior portion 110, the posterior surface

114 has a steeper radius of curvature than the anterior surface 115 of a central portion 128

of the posterior portion 113. Because of this steeper radius of curvature, when the anterior
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lens 100 in order to provide communication between the chamber 130 and the surface of
the eye of a subject wearing the lens 100.
In a preferred embodiment of the lens 100 of Figure 12, the posterior portion 113
of the lens 100 has a centerpoint thickness of approximately .125 mm. The anterior portion
110 of the lens 100 preferably has a centerpoint thickness of about .125 mm. When the
anterior portion 110 and the posterior portion 113 are joined, a lens is created having an
overall center thickness of about 0.24 mm. If it is desired to change the shape of a cornea
with increased rapidity, a lens of increased thickness can be used which exerts more pressure
on the cornea to conform to the desired configuration. Bonding can be accomplished by
applying a sufficient amount of a bonding agent such as the Concise™ enamel bonding
system sold by 3M (St. Paul, Minnesota). Other methods of bonding will also be apparent
to one of skill in the art. TS e
As with other embodiments of the present invention, concave radii of curvature of
the posterior surface 117 of the posterior portion 113 of the lens 100 are selected that will
reshape the anterior corneal curvature to a desired shape required for modifying corneal
curvature and reducing refractive error. Thus, the posterior and anterior configurations of

the contact lens of this aspect of the present invention are similar to those used in



anmount of an exogenous enzyne, an activator of an endogenous enzyne or

ot her corneal softening agent is first admnistered to a plurality of donor
gl abes or to the corneas of an experinental aninal, as described above.
When using experinental animals, once the corneas have begun to soften, one
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the agent or enzyng Is a |large nolecule. The term"large nol ecu enot es

a nol ecul e veAmeRPsed of @ dnigrips partipm 469 @ad 4 pesterior portion 170 which are laminated
together in the same way as the lens shown in Figures 11 and 12. In this embodiment,

chamber 182 is provided in an intermediate portion 180 of the lens 150.

In the embodiment shown in Figure 14, the chamber 182 is formed in the
intermediate portion 180 of the lens 150 by providing an area of the posterior surface 162
of the anterior portion 160 of the lens 150, which has a steeper radius of curvature than that
found in the remainder of the posterior surface of the anterior portion 160 of the lens 150.
As in the foregoing embodiment of a chambered contact lens, the volume of enzyme or
agent which can be contained in the lens and thus administered to a subject is largely
determined by the radius of curvature of the posterior surface 162 of the interior portion
160 of the lens 150 in the intermediate portion 180 of the lens, as well as by the radius of
curvature of the anterior surface 172 of the posterior portion 170 of the lens 150 in the
intermediate portion 180 of the lens.

The posterior portion 170 of the lens 150 is also provided with holes 190 through the
posterior portion 170 of the lens 150 in the intermediate portiofi 180 of the lens. These
holes serve to allow the transfer of the contents of the chamber 182 from the chamber 182
to the eye of the subject. The number and size of the holes 190 will largely determine the
rate at which an enzyme or agent is delivered to the eye.

Although the embodiments of a chambered contact lens shown in Figures 11-14 have

been described as being produced by laminating together an anterior portion and a posterior
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thém relatively slowly. The material may be highly purified bovine collagen. The diameter
preferably ranges from about 13.5mm to about 16mm. Base curves preferably range from
about 8.0mm to about 9.5mm. The DK (which is a measure of the oxygen permeability of
a material) should be about 50 and the H,O hydration percentage should be about 83%.
Of course, the enzyme or agent used in this embodiment should not normally be one which
degrades collagen, such as collagenase.

One lens which has been found to be particularly well suited for the practice of this
aspect of the present invention is the Medilens™ corneal shield available from Chiron
Opthalmics, Inc. of Irvine, California. The Medilens™ corneal shield is a clear, pliable thin
film fabricated from bovine tissue. This tissue has a high percentage of collagen closely
resembling the collagen molecules of the human eye.

The Medilens™ corneal shield is stated to provide protection and lubrication to the
ocular surface, gradually dissolving within approximately 24 hours. The dry weight of the
lens is approximately 5.5 mg, and wet weight following loading With the enzyme of the
present invention is approximately 34 mg. Loading is accomplished by soaking the lens in
a solution, as previously described, for approximately 60 minutes at room temperature. The
uptake of the lens has been measured to be approximately 28.5 mg, and the hydration of the

lens is approximately 84%. In volume terms, the uptake of the lens is approximately 200-
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hyperopia, this should be controlled in treating myopia and other conditions. And even
when treating hyperopia, the amount of deepening in corneal curvature should be controlled.
Therefore, it is desirable to place a rigid contact lens over a soft lens which is delivering
enzyme and/or agent in order to control the change in shape of the cornea prior to the time
that a rigid lens is fitted directly onto the eye in order to reshape the cornea.

In a more preferred embodiment, a rigid lens is fused to the central portion of a soft
contact lens which delivers enzyme or agent to the cornea. In this way, the chances of
having errors due to an improper fitting of the rigid lens over the soft lens can be avoided.

In accordance with a further embodiment of the present invention, a saturn-type
contact lens 24, such as the Softperm™ lens sold by Sola Barnes Hynds-Pilkington (Fig. 7),
is utilized. This type of lens comprises a lens with a rigid center 26 and a soft lens
peripheral skirt 28. The rigid, preferably gas permeable center” 26-coritains no enzyme
and/or agent whereas the soft lens peripheral skirt 28 is soaked in a solution containing the
enzyme and/or agent.

The peripheral skirt 28 of the saturn-type lens 24 may be manufactured from
synergicon A copolymer available from Precision-Cosmet. The rigid non-hydrophilic center

26 is typically from about 5.5mm to 6.5mm in diameter and has only about 0.2% H,O



bortdi ng techni ques or adhesives known in the art. The chanber 11 can be
formed by lathe cutting an annul ar recess into the convex surface of the
posterior conponent of the lens before the final |ens fabrication. Although
any of a variety of dinmensions can be used™ n accordance with the present
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simultaneously reshape it. In this embodxment of the present invention, an annular ring 30

of soft lens type material is fused to the inside intermediate curve and peripheral curve of
a rigid gas permeable contact lens 32. The resulting fused (soft) lens 34 is soaked in the
enzyme/agents, and the enzyme is retained in the soft lens portion 30. The enzyme is then
time released into the cornea, which softens it.

The rigid preferably gas permeable center 32 has a posterior central curvature 35
that reshapes the anterior cornea’s curvature to a shape which corrects refractive error,
preferably a shape which renders the eye emmetropic. The rigid contact lens center 35 is
preferably a fluoro-silicone-acrylate material with a Dk of about 60-92. The diameters vary
from about 7.5mm to 10.5mm and the base curves 35 of the rigid lens 32 vary from about
7.0mm to 9.0mm. The "fused on" soft lens portion 30 is a hydrophilic soft lens material such
as etafilcon A or phemfilcon A. Attachment of the annular ring 30 to the rigid contact lens
32 is accomplished by an adhesion process. The width of soft ahnular ring 30 varies
between about .75 and 1.5mm each side.

1. The Enzyme-Orthokeratology Procedure

The Enzyme-Orthokeratology contact lens must be properly fit' to the anterior

surface of the cornea. When a chambered contact lens is worn, the enzyme and/or agent



vary, depending on the desired rate of administration of enzyme or agent
fromthe chanber 11. The anterior portion of the |lens, having a centerpoint
t hi ckness of about 0.12 mmis thereafter secured to the posterior portion
to encl ose the annul ar recess and form chggwer 11, thereby formng a |l ens
havi ng an overall center thickness of about 0.24 nm Bonding can be
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central
is removed. The retainer lens can have the same rigid contact lens parameters as

mentioned in relation to Figs. 1 and 2. The retainer lens has no enzyme and is the final lens
of the enzyme Orthokeratology treatment. Its posterior curvature helps the treated cornea
retain the new corneal shape. The alignment of the repaired or replaced
mucopolysaccharide chains and collagen fibrils conforms to the new shape imposed by the
rigid lens. The structural components of the cornea retain this shape with a new memory
of only the new shape. Stability and permanency is maintained without a retainer lens.

Contact lenses or spectacles will not be required for good visual acuity after the
Enzyme-Orthokeratology lenses are removed. With previous Orthokeratology methods
using no enzymes, if the retainer contact lenses were removed, the cornea would tend tc
regress back to its old shape, like a rubberband. This is because the unchanged
mucopolysacchrides and coliagen fibrils had a "memory" of the shape of the cornea before
orthokeratology treatment.

The metabolic processes of the cornea are greatly” dfcelerated at higher
temperatures. Reshaping will occur more quickly if the corneal metabolism is increased by
applying heat. Heat radiation and other methods of heating the cornea could possibly be
used along with Enzyme-Orthokeratology if desired. Heat is generally fiot necessary to

reshape the cornea, however.



optfc zone 18, an internedi ate zone 19, and a peripheral zone 20.
Preferably,, in accordance with the present invention, an annular chanber 11
is disposed within the internmedi ate zone 19. |In another aspect of the
present invention, a contact lens is provided which is conposed of two

| ayers which are | am nated together, as shown in Figures 12 and 14. In this
i nproved design for a contact |ens of the&present invention, |arger
chanbers for storing enzynme or agent can be created. In this contact |ens,
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14 of the lens depending on the refractive error. The peripheral curve 17 is flatter than the
base curve 14 of the lens. The width of the peripheral zone 20 varies from .35mm to
1.0mm. The peripheral curves 17 allow for tear circulation and oxygen exchange during
blinking.
The power of the lens is based on the refractive error of the patient and the lens
base curve to central corneal curvature relationship. The thickness is .20mm for 0 power;
.0O1lmm should be subtracted for each diopter of minus correction, and .02mm should be
added for each diopter of plus. The inner curvature of the optic zone (14 Fig. 2) (base
curve) is preferably calculated to make the eye emmetropic when the cornea is molded to
this curvature. This may be accomplished with one to three lenses. The front curvature of
the optic zone (12 Fig. 2) is of a radius calculated to give the subject no refractive error and
20/20 aided visual acuity while wearing the lens. The final lens will have zero refractive
power. All of the rigid contact lens parameters vary depending upon the refractive error,
corneal curvature and size, and fitting formula, as is known in the art. This lens design
without enzyme may also be used to reshape the cornea after it has béen softened with
other enzyme releasing methods already mentioned.
A further embodiment of a rigid contact lens designed specifically to be used in the
treatment of hyperopia is shown in Figures 15 and 16. Such a contact lens should be rigid,
such as the previously described lenses made from a fluoro-silicone-acrylate material. In this

embodiment, the concave (posterior) portion-of the lens 200 is formed with a peripheral



to*one of skill in the art. Prior to manufacture, one or nore holes 116 are
made in the central portion 128 of the posterior portion 113 of the contact
| ens of this desi gn. Preferably, the holes 116 are produced by mechani cal
dri'lling with a mcrocarbon bit or by mead$-of a |l aser such as an argon
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As will be apparent to one of skill in the art, a number of other lens designs can be

used in treating myopia, which have varying diameters, base curves and thicknesses.
Included in such designs are contact lenses having aspheric base curves and peripheral
curves, and those having spherical base curves and aspheric peripheral curves.

The following example illustrates the method for correcting myopia using Enzyme-
Orthokeratology. In this example, the patient exhibits 20/300 U.V.A. or 3 diopters myopia;
a flattest central curvature of 45 diopters or 7.5mm; and a paracentral curvature of 40
diopters and the cornea is positively shaped at + 30. The initial rigid gas permeable
contact lens (Fig. 1 and 2) contains an enzyme formula taught by this invention in its hollow
chamber 11. The base curve 14 is 42 diopters or 8.0mm (3 diopters flatter than central
curvature). The optic zone 18 width is 8.0mm. The power of the'[&1is"is plano (0). The size
of the lens is 9.6mm (8.0 + 1.6mm). Its thickness is .20mm. The intermediate curve 15
radius is 7.5mm or 45 diopters (3 diopters steeper than the base curve) with a width of

.50mm. The peripheral curve 17 has a radius of 10.0mm, with a width of 30mm.



the contact lens of this aspect of the present invention are simlar to
those used |n -22- conventional Othokeratology fitting procedures, as
previ ously described and as are known to those skilled in the art. A lens
of this enbodi ment of the present invention is preferably made from known
fluoro silicone acrylate lens materials. Such rigid | enses can be made by
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of the lens 150. In the enbodi nent shown in Figure 14
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or agent whi can conta e lens and thus admnistered to a
subj ect is | ar gelThe enzyme dissipates out of the cornea over the following few hours to a few days

and the cornea hardens with the new shape, rendering the eye emmetropic (no correction)
and leaving normal, natural vision (20/20). Inhibitors or other means of "hardening” a
cornea can also be used to lock in the changes to the shape of the cornea. The final enzyme
orthokeratology lens is left on the eye for a period of time necessary to establish the desired
new calculated curve to correct refractive error after the cornea hardens to stabilize the
corneal change and act as a retainer lens. It is then removed. New retainer contact lenses
are fitted only if necessary to stabilize the new curvature over the period of a few more
days, and the amount of time they must be worn everyday is reduced systematically until
they are no longer worn at all. The new reformed cornea’s memory system only knows the
new shape so the cornea will not regress to its old shape in the absence of retainer lenses.

C. Astigmatism Enzyme-Orthokeratology Procedure

For astigmatism, the central corneal curvature is uneven, which causes a stretching
of the image on the retina (Fig. 4A). The horizontal and vertical central meridians are
different curvatures 40, 42 (Fig. 4B). The astigmatism contact lenses may use toric and
aspheric base curves 40, 42 (Fig. 4C), intermediate curves, and péripheral curves which may
incorporate prism and/or truncation 47 (Fig. 4C). The initially flatter central meridian of
the eye 40 is reshaped to take on a steeper curvature 44 and the initial steeper central
meridian 42 is reshaped to take on a flatter curvature 46. This process reshapes the central

corneal curvature to a spherical shape and eliminates astigmatism.



determ ned by the radius of curvature of the posterior surface 162 of the
interior portion 160 of the lens 150 in the internediate portion 180 of the
|l ens, as well as by the radius of curvature of the anterior surface 172 of
the posterior portion 170 of the lens 150 in the internediate portion 180
of the lens. The posterior portion 170 afydghe lens 150 is al so provided
with holes 190 through the posterior portion 170 of the lens 150 in the
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After the er?zyme an n iciently soften the corneal stromm, the
soft | ens either Thesthidkness afrthe densafedes with lens power. If zero lens power = 20mm,

subtract .01mm for each diopter of minus and add .02mm for each diopter of plus power.
The power of the lens is computed based on the patients refractive error and the base
curve/corneal curvature relationship. The astigmatic lenses may incorporate the
enzyme/agents in the chamber 11 as already discussed or be used without the enzyme after
the cornea has been softened.

D. Hyperopia Enzyme Orthokeratology Procedure

For hyperopia, the central curvature 58 of the cornea must be reshaped to a steeper
curvature 60 (Fig. SB). The light entering an eye must be refracted more because the image
projected through the cornea is focusing behind the retina (Fig. 5A) needs to be moved
forward onto the retina with more refraction, that is, more light bending at the cornea. The
lens base curve (50 Figs. 5C and 5D) may be fitted steeper than the central corneal
curvature with flatter aspheric intermediate 52 and peripheral 54 curves. A hole 56 in the
center of the lens may be used to encourage and give the space for the central cornea 51
to steepen. Alternatively, a contact lens as shown in Figures 15 and 16 can be used to
correct hyperopia. T

To correct hyperopia using Enzyme-Orthokeratology, the following procedure can
be used. In the preferred embodiment of the invention, a fluoro-silicone-acrylate material
is used for the lens (Fig. 5C). A hole 56 ranging from 2.5mm to 4.5mm diameter is
provided in the center. The base curve 50 of the lens is fit steeper than the central corneal

curvature. The base curves 50 vary from 5.5mm to.8.0mm, and the diameter is the base



One ‘type of soft lens for use with this nmethod is a collagen material which
tends to uptake a relatively high volunme of solution containing enzyne
andlLor agent and release themrelatively slowy. The material may be highly
purified bovine collagen. The dianeter preferably ranges from about 13.5mm
to about 16mm Base curves preferably rangé—from about 8. 0mmto about
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Due to the intraocular pressure of the eye, the radius of curvature of a cornea will naturally

steepen in a regular fashion without the application of a contact lens to cause such
steepening. This natural steepening of the radius of curvature of the cornea is allowed to
progress until the desired radius of curvature has been achieved in the previously hyperopic
cornea. At this point, the enzyme or agent used to soften the cornea is inhibited, and a
rigid lens whose posterior surface has a desired radius of curvature is then applied to the
softened cornea as a retainer lens until the cornea regains its structural integrity and
“hardness." In this method of Enzyme-Orthokeratology, therefore, a desired corneal shape
can be produced without the use of a rigid contact lens, although such a lens is desirably
used after a desired shape has been reached in order to preserve that shape.

Iv. Other Therapeutic Uses of Enzyme-Orthokeratology

In addition to correcting refractive errors of an otherwise normally functioning eye,
the present methods of reshiaping a cornea can be used to effect other therapeutic benefits
as well. One contemplated therapeutic use of the present methods is to rehabilitate the
irregularity of abnormal corneas and improve refractive errors which occur as a result of
diseases such as keratoconus, contact lens-induced corneal warpage, or corneal
manipulations such as corneal surgery, including such surgical procedures as radial
keratotomy, photorefractive keratectomy, corneal transplant surgery, and tataract surgery.
One of the most common reasons for the clinical failure of surgical procedures like corneal

transplants, for example, is the existence of residual refractive error such as irregular



comon hydrophilic soft lens materials such as etafilcon A and phenfil con
A, available fromVistacon and Wesl ey Jessen. These |enses can be the
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days. In a preferre ”‘?%9 | ' i gid ; I ' [ o] t
central portion of g of t ogrnﬁ{}%’gltts g’ﬁ{sﬂn\%ﬁi ¢ %g%%gewgg%et% %&grﬁ%laﬁﬁ ﬁ’ze?r%
or agent whil e impeavingdarneadiregularite ase dthenthetdpeuty berngfitsaofpmingethe. m@hedst of the
t he intraocul ar re.of e.e f e NN n

steepen in cur \Pé?%fgéfn%ﬁﬂné ]tE(Erl esxaér{é%?’ %2}31— Zegiéhg% go]&ﬁ{o'? E’gv%\%ssgoéﬁj ﬂlfﬁg? (();?)I? ge
this shoul d be neasiet snwiothent biyrthé¢ appdication ofjcopiraea noftetitgpagesd fullowed by thefsidpmyg ef
when treating oRI t.he amount. of. dee l.ng. | n rvature . . .
shoul d be cont p%??‘é‘&.ga ’?’F}tg raeﬁn?)tr%eo,r ?Pta?élegsésﬁgggwgaéégoéﬁ?ég gg'gle(rgtljsghlaa ’cegﬁ?cé%]p -
| ens over a sofpatiemswhohachundsrgded surgery figthe eys) sehan déroealagasblantatior segery,@an

control the cha i n_sh f. cornea lor.to.the time that a rjagi
Cens. s f1¢t ed MO ECRPSAnGS pifh B BHAH dpathd] gh Sk iy by ety Bl pf et
nmore preferred sargefids canrte malemhae dodsistent, and fang elthnges ih bernesinhigd dyeas bur@eryRhn
a soft contact .|l ens whi.ch delivers enzynme or agent to the cornea. In this
way, the chancd® BFef&%i ng errors due to an inproper fitting of the rigid

| ens over the soft IIgRed&an uee tirVfotdidihg rhdthedclBianae-Omitdketdlugy, B effect these
enbodi nent of the prese%r;i) I nventiop, a sai}urn-ty,pe (iont ct lens 24, such as
the Sof t per ni erfPjtheresiinical benefits. cybiects whp, bayg, ap dregylptlysaged cemga of whe dhave

utilized. This dniB@oRé al &fed MRRPpERTonAarecHiSt Ménkifiad.r itk ig&HRERAtIRD is2idinRlly
soft lens peripheral skirt 28. The rigid, preferably, gas. perneable center

26 contains no 2¢pARHshethby #n exegwatialiharho@nidiagness 10 indfyidugbes havingan igreeplady
28 is soaked i RhgpedObdthed 2s ARSI bt defohb CoffbaY Meardpiidin. Q0GB prediBsly described
peri pheral skirt 28 of the saturn-type |lens 24 may be manufactured Trom

methods of Enzyme-Orthokeratology are then used to reshape the cornea of the individual

to a desired configuration.

The following Examples illustrate embodiments of the present invention. Such
Examples are illustrative only and not meant to limit the scope of the present invention.
Example 1
Exogenous Enzyme Dosage Determination

New Zealand white rabbits are anesthetized with ketamine and xyzaline. In each
rabbit, one cornea serves as a control. This cornea is exposed to saline solution only. The
other cornea of each rabbit is exposed to an enzyme to be tested for its ability to produce
softening of the cornea. A measured amount of a solution containing the exogenous enzyme
to be tested is injected into the cornea of each rabbit. After a period of time, both corneas
in each rabbit are analyzed to determine the softening effect of the énizyme tested. In order
to determine softening, the results of the following tests performed on each cornea of a
rabbit are compared:

(1)  Pachymetry, to measure the corneal thickness;

2) Keratometry, to measure the central corneal curvature;



synérgi con A copol yner avail able from Precision-Cosnet. The rigid
non-hydrophilic center 26 is typically fromabout 5.5mMmto 6.5mmin

di apeter and has only about 0.2%[err] -25- absorption (Fig. 7). The
outer periphery 28 is polynerized into a s+ hydrophilic skirt extending
circunferentially about the outer periphery of the center 26 and has a

wi dt h of from abou{3)3. 0Compdted msistech dorabd UopoBsplive to levalbsmr pirfaon topbiaeaphirake
curve of this re_l is from7.2nmto 8.2nm As the saturn-type |ens
24 i s worn, tﬁ@éﬁ?@%@?@%“é’ms are released into the cornea fromthe soft
peri pheral skirt 28) sofliehinpgxanhieattoms reesalizte e darity Phthercpyied, angarioe chafiberhe
saturn lens 2 mj m;edi ately begi ns reshaping the softened cornea. The rigid
center 26 has a posterior radius of curvature that will reshape the
anterior cornea to(3 cufeatmetey, temeasuedtieantraoniar pressurasn teseypedBach rabbit;
di scussed. The cor@a i?#r(fsha ed frgmvh ursL9 cf ew da%/is. .The soft |ens
skirt 28 gives addfd coRPRIPeRHLPEsL SR SRTORFC SR NGAETeHB ps t he

Ort hoker at ol ogy pr ¢Bess Ratifbsesg0td meBard efracterert@nandvear . The enzyne
and/ or agent dissipates_put of. the cornea . in a.few days..and the cornea then
hardens to its new8hapEloFHieeia gf ﬁ?%elig%alzﬁa‘&f“gaﬁ%tl %‘]’“fY iﬂ@mg‘?é‘eéf‘%é‘«?"ﬁe@
preferably woepitHefitma few nore days to stabilize the new corneal shape. The
lens is then renoved. A "fused soft |lens" conptact. l.ens system 34 (Figs. 8A
and 8B can al so. bibseders a5e i aerated BRI N BRbiaR OF LR O 9oL S FER S Mo
and si mul t anegustiyn GRS BEERs of the dBsalz bf thRIEMGEhEBMichGastdmiRkRs&Nt | nventi on,
an annular ring 30 of soft lens type material is fused to the inside

i nternedi ate curve and peri pheral cur ve Expmple 2 gi d gas perneabl e cont act

| ens 32. The resulting fused (sgiddf dnTasctRdtor of 8RAKGHitb1 t he enzyne/ agents,
and the enzyne is retained in the soft_lens portion 30. The enzyne is then
tinme rel eased into the cornea, whi@iacBadogaaousiEnzyme (i gid preferably gas

per meabl e center 3Kpbﬁ7§ir§ata9$ﬁsegrr£r9£ of6i88d dcBlanfidld ¥Aid4bRedh 100 ml of isotonic saline

in order to produce a solution of 0.25% iodoacetamide. Approximately 1-2 drops of this

solution is applied every hour for 4 hours to the subject.

Example 3
Use of an Enzyme Inhibitor

The inhibitor EDTA (ethylene diamine tetracetic acid) is dissolved in isotonic saline
to produce a solution of approximately 0.01% EDTA. Approximately 1-2 drops of the
solution are applied 2-3 times per day. This treatment is continued for several days in order
to stop the softening reactions of enzymes in the cornea which break down proteoglycan or
collagen components of the cornea.

The drawings, parameters, constants, and concentrations set forth in this patent
disclosure are given as examples and are in no way final, binding, or limiting. As many
changes could be made in the above constructions and methods without departing from the
scope of the invention, it is intended that all matter contained in the above description or
shown in the accompanying drawings shall be interpreted as illustrative and not in a limiting

sense.



that reshapes the anterior cornea' s curvature to a shape which corrects
refractive error, preferably a shape which renders the eye emmetropic. The
rigid contact lens center 35 is preferably a fluoro-silicone-acrylate
material with a Dk of about 60-92. The dianeters vary fromabout 7.5mmto
10. 5mm and t he base curves 35 of the rigihdlens 32 vary from about 7.0mmto

material such s etafitoon A or phent il cames At achsdbllol HIETHRENN.
ring 30 to the rigid contact | ens 32 is acconplished By &n adHbksi®on*

process. The width of .soft annular ring 30 varies between about .75 and
1.5mm each side. |Al pharthechtiyae- Conpoket abnl ogupPisiaduas &kegenous

Enzynme- Ot hoker at ol 0 contact lens nust_be properly.fit_tg,the anterior
sUrTace of the cor RBATOGRERIE T AENGERER BORE Sk OPERRIPS Goph ottt enzyne
and/ or agent - 26emponbkat bifmtheekoased éndaseeyetefl ahsubgkctheacowieal
epi thel i um and Bo A'S rape. fi I eagchj . SLr antia
propria). In the ggggdofﬂgggﬁiQQ%E%bEB%Agfétﬁg %ggﬁégeﬁégaggérégggﬁg with a
positive shape, ste¥persi Aft F@ldefPERE83 and flatter in the periphery 36.
After the rigid gas perneable lens is placed on the eye, and the force of
the eyelids and | ens novenent cause flattening of the, central _corneal
curvature 37.27he AnPEPﬁQPCEPE§§GieCBPPPﬁét%9g REERELIRG LRaFARER: Fal
cornea 38 to nove @Hbwahid etidt eppehe Abelegsvepaberpniegspbiesi aapreiteld-a

nmore m nus shape and | ess _central rvatyre (37, 38). The light entering
the cornea is ther%ggfgnr ﬁgngﬁ %%sgglahg?gPE?’further back towards the

retina (Fig. 3B). This then reduces or elimnates myopia, which causes

light to be regfracke h%%&g : S i BRg fpgu s.nofront of
t he cornea (ﬁ?g. 3%:§ icec%%glgggpgr %gﬁggﬁﬁsﬁg%ég?gﬁgcE?eéggfhtﬁé enzynme
and/ or agent di ssi ¥BeESiBuFadf EREYRSr AkalaRatt BRTEbY néagrafgena. muco-

Al ternatively, an pahi/BatehagdaebecagBhihst 8f€d proteoglycan molecule of
said cornea.

4. A pharmaceutical composition according to claim 3,

wherein said enpzyme is hyaluronidase.

5. A pharmaceutical composition according to claim 3,
wherein said enzyme comprises at least one of chon-
droitinase ABC, chondroitinase AC, keratanase, or
stromelysin.

6. A pharmaceutical composition according to claim 1,
wherein said enzyme degrades a collagen molecule of
the cornea.

7. A pharmaceutical composition according to claim 6,
wherein said enzyme comprises at least one of matrix
metalloproteinase-1 or matrix metalloproteinase-2.

8. A pharmaceutical composition comprising an activator

of an endogenous enzyme, wherein said enzyme at least



thts point to speed the hardeni ng process. A retainer contact |ens (not
illustrated) is then worn for a short period of time_(usually. a-few-days)
to stabilize the cornea, after which it is renoved. The retai ner Iens can

haVe the sane rigid contact |ens paraneters as nenti m“ﬁnmlm

Figs. 1 and 2. The retainer |ens has no yme and |ﬁ‘mu“ of t he
enzyne Orthokeratology treatnent. Its po rior curvatur®e Hel Ps fhe” treated
cornea retain the new corneal shape. The alkgnnent of the repaired or

repl aced mucopol P3&ELHaFEPFE3ERS Rs S&ﬁHCGHFIaagé’H PBERFs Ofo S FETEE he new
shape i nposed byihhan iegied dfeas subjecst maainalal saddpapedvatolr tedngor nea

retain this shape with a.new nenory_of o he ne shap { I and
per manency i s na%ﬁf:a}lﬁgdl\ﬁ SREEES %Pgt fue%écrtévg %o acgfl gﬁg‘leas d(?&'y
spectacles wll new.be required for good visual acuity after the

Enzyme- Ot hokeratol ogy | enses are renoved. Wth previous Othokeratol ogy

nmet hods using no enzynes, if the retainer contact | enses were renoved, the
cornea woul 8-t end phargeest iisadk copposd tépa s8epEdingkEca SA@iBedhand. This

i s because the upgRgaged JMCORUNAESH icdaprardscak! aeartf b lox had a
"menory" of the shape of the cornea before orthokeratol O%)i treat rrent The

met abol i ¢ pr oces$8F16uKiRes 1o PRER LUK Pa 4P y THFRE| BREEE
tenperatures. Reﬁtbﬁl@lswl\ﬂm{ |ur@<t@1tnombh9dﬁrwtekl yt afnlhbephemeﬁtenmtcabnl ism

is increased by a heat Heat radl eating
t he cornea coul da‘g’%%'t gt?%noﬁmy ﬂu%gg Pﬁg%é:égﬁﬁl%fgyﬁlﬂf
desired. Heat isogemexp@ielry cmitomeieessary to reshape t he cornea, however.
-27- A Ri gid Contact Lens Designs One preferred enbodi nment of the rigid
contact |enses designed for Enzynme- Othokeratol ogy conprises a |ens nade
of a fl uorol®i.l i dophaamanentdpdt OmPOSLFEORy ICOTRELFiB0y PRy dnactivator

di f | uor oi t aconat geS ik %ML IGRROIGETRR) ctRidedldhe bhonsr ageiedi iwald The
enzyme at least partly degrades a structural component
of the cornea in an eye of a subject mammal, said in-
hibitor being for use in correcting refractive errors

of said cornea.

11. A pharmaceutical composition according to claim 10,
wherein said inactivator is iodoacetamide.

12. A pharmaceutical composition according to any one of
the claims 1 to 11, wherein said composition is adap-
ted for topical administration to said eye of said
subject mammal.

13. A pharmaceutical composition according to claim 12,
wherein said composition additionally comprises lip-
osomes, and wherein said enzyme, activator, or inact-

ivator is contained within said liposowmes.

14. A pharmaceutical composition according to any one of

the claims 1 to 11, wherein said composition is adap-



hi gh oxygen perneability of this material DK60 - DK92 x 10-11, all ows
sleeping in the lens if necessary. The | ens has excel I-ent- wettability‘mﬁth
a low wetting angle of 26. The base curve of the Iens vaH

9.0nm dependi ng upon the central corneal curvature. mﬂm m ﬂﬁ'ﬂ

the lens is the base curve in mm+ 1.3nmto 1.8mm a

to 10.5mm (total dianeter Fig. 1). The cendil optic zone 18 (Fig. 1) |s
transparent and corrects the refractive error of the eye to produce

excel | ent visual ageidt forTfi@ljeetheléoaamdhaeetatibangetof s@Dd6 eHNdFO
9.0mm The internediate & %9 co1tgins t he chanber for enzyne and/ or
agent 11 to releasgaﬂﬁe G ol "5 't he cornea. The width of the

i ntermedi ate zone 19 varies fron1 35mmto 1.0nm The internediate curve 15

may be steepe gOr I 5%2;5 1 i on
t he refractlv% err%r E%%? %era?ga§9§g£¥§n éc?%%??eﬁl%h Sﬁgﬂbagg
curve 14 of the | etbe m@msdtlht@f 111heWb@FBE¥1esalldz@F?é‘PQ@l\SE&H“ﬂeésf BSRP-35mm

to 1.0nm The peri phgr %zce@feﬁlézrekhew B9r ibfebpabredhal iton ¢ @PLYF
exchange during blinking. The power of |l ens iS based on the reffactive
error of the pat|e§?1§n§uPH@CFeW§mBé%e curve to central corneal curvature
rel ati onship. The thickness is .20mmfor O power; .0lmm should be

subt ract ed fo eac pter of .m nus caorrection and ..02nm shoul d ded
or each di optér oft BreEversdcilal 2eiBosEE o8 n-BReasBE T oty OrF ety o)

(base curve) is preiwwaﬂbyﬂsaﬂcubaﬂed wheraks shedeyememmanmgm<adﬂn§10mhe
cornea i s nolded t ? ff%%%rﬁ nghﬁcggﬁe 983?? lgd with one to
t

t hree | enses. The vature 0 optic ig. 2) is of a
radi us cal cul ated to glve the subj ect no refractlve .error and 20/ 20 ai ded

vi sual acuityjwhil QF&?@ emecheneomﬁbelthaal akesdiny thawyZeme of
refractive power f. t.he rlgld contg . ens Rg:aneters v%F¥8%§l%ndlng
upon the refractlvéhngB?I“Fan  1dar YAELPENFELY SOMPRSE Al a,
as is known in theadlly. cbuprisessadphaginarblbgticatdyy aecepyadllso dasrised to
reshape the cornea after it has been softened with other enzyme rel easing
nmet hods al ready nentioned. A further enbodi ment of a rigid contact |ens
desi gned specil8i.call phegmidceusddaln cofpositapme sonpicising ey dnhibifewn in
Figures 15 and 16. qpuch 2rGQRIe3Ckne2BinSBAYH0 B ileda?: 1east partly de-

grades a structural component of the cornea in an eye

of a subject mammal, said inhibitor being for use in a
medical treatment for correcting refractive errors of

said cornea.

19. A pharmaceutical composition according to claim 18,
wherein said inhibitor comprises at least one of a
metalloproteinase inhibitor, a collagenase inhibitor,
cysteine, EDTA, N-ethylmalimine, cycloheximide, 1,10
phenantroline, phenylmethane sulfonyl fluoride, TIMP,
TIMP-2, IMP, a compound which conéains ferric (Fe2+)
ions, or a compound which contains cupric (Cu®*) ions.

20. Use of the pharmaceutical composition of any one of
the preceding claims for the manufacture of a medica-
ment for correcting refractive errors of the cornea in
an eye of a subject mammal.



sith as the previ ously described | enses made from a
fluoro-silicone-acrylate material. In this enbodi nent, the concave
(posterior) portion of the Iens 200 is formed with a peri pheral - 28-
portion 210 which has an aspheric base curve. m m 230 of the
|l ens 200 is formed so that the concave :srar aceAummnm m ,ﬂmrti on 230
is shaped so as to produce enmetropia. i‘s centfal®pdrti®ons2360 has a base
curve which i$ 2-5 diopters steeper than the base curve of the peripheral
portion 210 of2ihe A gro@0fr;, condtahiasimg reaghssrmEcatrivatluresongosciticn upf t o
1mm st eeper than t | | 210. agfy Qur tral
portion 230 of the%&ﬁ?r%r(&ngéglegﬁg%écgbgglﬁicgl%gné?o pro%éu%%ig{ d%a(;s}?trag

radi us of curvat ur desfs.a prasantethisgparatelypor dngethdrs damatse

emmotropi c, but whilysindd 81 Rty RasS-di MR Urddtes ¥ 19 Brnea
Myopi a Enzyne- Ort hoker at ol ogy Procedur e For gpia, usually there is a

posi tively shaped ¢&dt fdh & &hp& FUPIe 1 .3Fadth Figiq qontact lens
paracentral ly 36). Heaeidd G p¥racHift 43S eurtiattne SUFr icnidmicttd efsnded (Fi 9.
2) should usually be f atterdﬁthan he .central_ cor.neal cturva.ture 33 up to
the anount of the £4% i st SUPHRS Y ARG S SPRYR i nt er nedi at e
zone 15 may be up to 4 diopters steeper than the base curve. The steeper
central corne cur. i to J.atte rﬁﬁ_ﬂ_r- 37 d the
flatter par ac?nzt'r al'ﬂ%% Igc%dgfteﬂ ?63'{ %@gﬁ%&ﬁeﬁ ol%i‘ﬁidgelégr?/s ap?gs . The
result is a spheri @&t sItRady dftdontidy Dag i HEh twharasn Faid |safiter
central curvature. cditad ITENALRS iNARIghAREAEH NRiild PHaruhdid R red
further back on the retina (Fig. 3B) instead of in front "of the retina
(Fig. 30), and t her®®UROgIdIOpherical aberration. As will be apparent to
one of skill in the art, a nunber of other |ens designs can be used in
treating nyopi i.ch _have varying di_angter base curves and_ thicknesses.
I ncl uded in s£3n‘ \(Ij\gllsbfegr}r)sroa(fuethé.}rﬁa all“é@és %ﬁ%’d’ assapﬁ%ﬁoﬁoacso t]:c""(j:ri%\/es and
peri pheral curves, lans tdogerised mpld@gen.cal base curves and aspheric

peri pheral curves.

24. The product of claim 21, wherein said soft contact
lens is bonded to said rigid contact lens.

25. The product of claim 21, wherein said rigid contact
lens further comprises:

a rigid anterior layer;

a rigid posterior layer having a convex side and a
concave side, wherein the convex side of said poster-
ior layer has a flatter curvature than the concave
side of said anterior layer over a center portion of
said posterior layer; and

a channel in said center portion of said posterior
layer, wherein said channel passes from the convex
side of said posterior layer to the concave side of

said posterior layer, wherein the concave side of said



THe following exanple illustrates the method for correcting nyopia using
Enzyme- Orthokeratology. In this exanple, the patient exhibits 20/ 300

U V.A or 3 diopters nmyopia; a flattest central curvature of 45 diopters or
7.5nm and a paracentral curvature of 40 diopters and the cornea is
positively shaped at + .30. The initial rigid ga t | ens
(Fig. I and 2) contains an enzyne fornula taught mmm‘gi!m\mj g inits
hol | ow chamber 11. The base curve 14 is 42 giopters or | opters
flatter than central curvature) The optic zone 18 width |s 8 Onm The
power of the lens is Blano é g hze of the Igns LS 8.0, +
1.6mm). Its thi ckABESTHET 28¥AF A FhEcFREUPX: §1dGroL ﬁ%l aHP gerio¥ 5mm
or 45 diopters (31dyeptare jbeapd; theﬁeb?efbﬁmﬁnguaveénmerhchambdrh of

S0 e per! DhgAfl bl Y57 A58, 1ACkindhy 0L SO bR e bladl

formul a (approxi neiéeyog said geepsyiof BGQeunbYsm@ens]OﬁySQLésshaanel

inj ection throughaﬂaewﬁérggﬁ Eﬁéeéoﬁ@ ue' 8948 8150£9§& sceﬁeekela er

U trasound nay al so be use ﬁ |l ens wth enzy e cont | ens
is properly fltteHaFoatﬁErHBFﬁeﬁ §H§f%ﬁéeéﬁz9ﬁePF§dF§¢eﬁ@@ﬁtFﬁPéath@ cornea
over the course ofaigosya.few mnutes to a few days, as appropriate. The
enzyme penetrates through the epitheliumand Bowran's nenbrane into the
stroma where it softens the nucopol ysaccharide | ayer. The softened pliable
cornea reshapes iTheapteduot ofntlalimcplLyavheref{dAbsadidptigsd tonthet
posterior base cu 1 e _diopters). The cornea' s new
anterior central %%ﬁ%a?u%éh%gcgéﬁ §iéé |opters (3 diopters flatter than its
original 45 diopters). The paracentral anterior cornea (40 diopters)
steepens to 42 d'Qpi'f§§d—a§tQ¥§TbrTfﬂ§ eerﬁselﬁe%h?éseeepaerg&ekaeeaei‘tﬂhe
original three diopters o ia is nowreduced To no correction (piano or
emmet ropi ¢c) and uﬁﬁlﬁﬁﬁefﬁﬁgﬁﬁgP)PQFEHQP acuity is inproved to normal 20/20
from 20/ 300. The enzyne dissipates out of the cornea over the follow ng few

hours to a fEMIdagSrigid posterior layer having an interior surface

with an intermediate portion, wherein the intermediate
portion of the posterior surface of said anterior lay-
er has a steeper radius of curvature than the anterior
surface of the intermediate portion of said posterior

layer; and

a channel in said intermediate portion of said poster-
ior layer wherein said channel passes from the convex
side of said posterior layer to the concave side of

said posterior layer,

wherein the concave side of said anterior layer and
the convex side of said posterior layer are joined,
thereby forming a peripheral chamber between said
layers in said intermediate portions, and wherein said
channel is in communication with both said peripheral
chamber and the posterior surface of said posterior
layer of said contact lens, wherein the concave side
of said posterior layer has a central radius of curv-
ature sufficient to produce emmetropia in said eye.



and the cornea hardens with the new shape, rendering the eye emmetropic (no
correcti on) and | eaving normal, natural vision (20/20). Inhibitors or other
nmeans of "hardening" a cornea can also be used to lock in the changes to

t he shape of the cornea. The final enzyme orthokeratol ogy lens is:left on
the eye for a period of tine necessary to establ i sh the desired new

cal cul ated curve to correct refractive error er t “ﬁmnmlm to
stabilize the corneal change and act as a ret ﬂﬂl“ﬂ

renmoved. New retainer contact |enses are fltted onIy tf feces$ ary to :
stabilize the new curvature over the period of a few nore days, and the
amount of ti nme27heyA nusddbet woontairinygay plsarmaiceedicysteomposihtign umbd |
they are no | onger I h r st

only knows the new %\ﬁ%%%%%ét%een%b e%g\évﬁgﬁg £%g‘—’r\egr&ég (?r r@@éy}i’%%g%}e in
the absence of ret diRrtogether 01 coreecling i sef Eaeiive @rrokeref othgy

Procedure For asti gEgihSaN ik Nen CONE IS¢ £OLNSPecE URNREM & 4854 NEYREacthi ch
causes a stretching of the inage on the retina (Fig. 4A).. The horjzontal

and vertical centrateP®rFMRRLS S %Il‘?‘?‘%‘?’éi’ﬁ‘tmv%‘?%ti%%t #erg 3Eing ap) .
The astigmatism contigia | easesr nByd L@eséﬂfla:m&ﬁmhzasabﬁf& Ce:b@é:@dﬁh@ VISSy Sk
42 (Fig. 40, internedi ate curves r ral c rves which

ncor porate pr i om H ST T RS TSR CE S0 o Rl 7310 TGS

central neridian ofcémeenymﬁmgsarmimmtrmltammm &meﬁfrmmlemnvtabur e

44 and the initial r t

flatter curvature Afgé&%le ng‘?)cé S res %i%;‘s‘?%%éét %@Féfgor nea#agfgr vature
to a spherical shap'éh%m%!lrél$$¥i®amm¢'g¢m$]sn¢0@05mlomﬁmrms the
astigmati sm using ERyARa&EAHDEST at&hSayicide &£ 2W fite RSO CERKT SrdBya Peg
used. In the preferred, enbodi-nent of the invention,” the materi al for t he
lens is fluoro- sil§c®™Acrylate. The base curves 41 (6.0nmm - 8.5m) nay be
back -.toric, front toric, or bitoric. The flattest central corneal curvature
is aligned wwth a steeper base curvature. The steeper central corneal
curvature is aligned with a flatter base curvature. Aspheric or




spherical base curves and peripheral curves may al so be used. The |ens

dianeter is the base curve in nm+ 1.3 to 1.8mm The range is 7.5mmto

11.5mm The optic zone 18 dianeter equals the base curve in mm and ranges
from6.5 to 9.5mm The internediate curve 43 radi us ranges from 1 diopter
to 2 diopters flatter than the base cur/ﬁ11 The width is from.35 to 1.0mm
The peripheral curves 45 range from2 t diopters flatter than the base
curve 41. The width is .35 to 1.0mm The internediate 43 and peri pheral

curves 45 may be aspheric. Prismand/or truncation 47 is used to keep the
lens aligned in the proper posigNeAVECOREHORERATELO8N gmatic cornea. The
t hi ckness of the lens varies with | ens power If zero I ens power = .20mm
subtract .01nm for each diopter ofAbstragteof theyDisglosureonm for  each di opter of

plus power. The poweu% Mae éJ &R%us fér ERTRYhE FeRAGRE bl B@trreaéyeq?aelscrosed
refractive error and the curve/ corneal "curvature relationship. The

astigmatic | s fﬂ?ﬁfi/qumgmfrth@ eorpend tisweihagcqgwhithed by administeaing one p1 moge

al ready disc & Lot

of tonod. D g SR e e O o A Lol RanESDAEs, TR chaes
the central dutheataftes fB@dofith haigiheanszct denstohe sepeeshabisgsesovhick haepeconcave
curvature 60 {Fja8re Rk willl récr]zgrgfraemeeerrw?g TAE sw&mrn&%&g{@} ?e@ﬂxer}& s
because the inage projecte rough the cornea i s focusing I nd

retina (Fig. coayexruedture ¢o e epoavd chorwae af Biet eontase lqnétqrnsarm ofhlepsgsethereby
refraction, e
(50 Figs. 5Cr§x?]ﬁ rk%)th% ebduhgtp(% t1£8ﬂgé[ ee IZ'%S %IE’ZOFQ %I%E?g.felncor rfg ?fﬁ‘c’&%g
curvat ure w tdorrfdaaasdthe @eniea r“lnardms‘t B 1eE0 eheenfsr@emmsbtxpaprq shhape. aAfterd "handandsg” A

hole 56 in t center, of .t he e ge and give the
space for thg"%gé’c?ufﬁﬁd orl?‘ﬁgafe “F% e|5°’e“ynn§gt é’grsn% a contact |ens

as shown in Figures 15 and 16 can be used to correct hyperopia. To correct
hyper opi a usi ng Enzyne- Ot hoker at ol ogy, the follomﬁng procedure can be
used. In the preferred enbodi ment of the invention,

fl uoro- srlrco 8 ScéBth i ét?féé (Fig. 5C). A hole 56
rangi ng from 2 to 4. 5mng£df4ht e 4Rb I's pﬁ)@ndéw&%aﬁe center. The base

curve 50 of the lens is fit steeper than the central corneal



curvature. The base curves 50 vary from5.5mmto 8. 0mm and the dianeter is
t he base -31- curve 50 in nmm+ 1.0mmto 1.5mm (6.5 to 9.5 mmrange).

Smal | er dianeters are used because the curvature of |lenses is steeper than
that of the central cornea. The internediate 52 and peripheral 54 curves
shoul d be aspheric curves 1.0 to 3 di Q?tl@rs flatter than the base curve 50.°
The width of these curves is .35mmto 1.0nm The optic zone 50, 56 is
between 5.5mMmto 8.0mm The thickness of the |lens is dependent upon the
power necessary for correction. Wth hyperopia the | enses will be thicker.
|f the power is pLang (0) the thickness/% .20nm then add .02 for each

di opter of pl us.ﬁT’ pover of the lens ijs conputed based on the patients
refractive error® ddjusted for the base—erverserneal curvature

rel ati onship. The hyperopic Ien e enzyne/ agents in the
chanber 11 as al ready di scuss he s't enenzyng/after the
cornea is softened. In an aI at’e enbod¢nent of thet reapfrent of
hyper opi a usi ng Enzyne- O /(I' atdl ogy< gn—enzyne gf s
applied to the cornea as / //“ 201001 ng -enbodi megdt s ot
present invention. Once YIS/2: eda has/begun t o~gofA€En, t
first allowed to cRangefs

/\y'/tpo’ut the use of axrigid cy
to the intraocul ar; pregg
will naturally st pen

L i s first
% net hods of the
dor negd/i s at

g qct lens. Due
/0f 't he eye, the radius of urvaurg O];t'ra cor nea

contact lens to T3 pening. This natufal ste&peni of the

radi us of curvature of :; cc{r ea i s allpowed progrgsg unt t he desired

At this point, the enaym or ‘\agf used to,Soften the;'cpr nea

and a rigid | ens whose\\post er 41\ surface Has a desi réd/'ra' )

regains its structural \nt®grity a‘ﬂq "hardness." i this

Enzyme- Or t hoker at ol ogy, X Mekef or &, @ desired corfieak shapf

_{_{%ul_a_r_ia_sbmm/i.wm.m-f\-mé—a-p-p of a

ste

radi us of curvature h34 een acihi gved t hespr evi ously[hype i c_cornea.

is then applied to the\gohteged cornea as a retai ney | ens

W thout the use of a rigig cogtact 'ke\ns\,‘o?cggh/such L yens is desirably
—

70




used after a desired shape has been reached in order to preserve that
shape. 1V O her Therapeutic Uses of Enzyme-Othokeratology In addition
to correcting refractive errors of an otherwi se normally functioning eye,
t e present nethods of reshaping a cornea can be used to effect other
t herapeutic benefits as well. One con%?qylated t herapeutic use of the
present nethods is to rehabilitate th&’irregularity of abnormal corneas and
i nprove refractive errors which occur as a result of diseases such as
kerat oconus, contact |ens-induced corneakswarpage, or corneal manipul ations
such as corneal surgery, including such surgical procedures as radial
ker at ot omy, photorefractive keratecto corneal transplant surgery, and
cataract surgery. One of the no or the clinical failure
of surgical procedures |ike edrneal transplants, Ee
exi stence of 3gesi dual refpdetive€rTor such_as i1rregul ang~~-32 &g
astigmatism fol 'gwi-ng”~ =
present nethads” ga used to correct the refractive error t
a result of” di ~—sg@pyery, or other conditions. |nproving cqrnea
snmoot hness, inducing an appropriate corneal shape, and inprovingggorneal
irregularity are ﬁFﬁ Rsfher tic benefits of using the nethods of the
present invention. EZ exangf a cornea which does not have a snooth
surface can be made snoother by the application of a corneal softening
agent followed by the shaping of the cornea wwth a nold or contact |ens.
| nduci ng appropriate corneal shape, especially in patients who have
undergone surgery to the eye, such as corneal transplantation surgery, can
al so be acconplished with the present nethods. In this way, the refractive
results of such surgeries can be made nore consistent, and any changes in
corneal shape due to surgery can be corre J. In order to use the

- f fect these
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further clinical benefits, subjects who have an irregul arly-shaped cornea
or who have undergone a corneal manipulation are first identified. Such
identification is normally acconplished by an eye specialist, who can

di agnose an individual as having an irregul arly shaped cornea as having
under gone corneal manipul ation. The p@gﬁhously descri bed net hods of
Enzyme- Ot hokeratol ogy are then used to reshape the cornea of the

i ndividual to a desired configuration. I
enbodi ments of the present inventio '
and not neant to limt the scope ntion. Example 1
Exogenous Enyne Dosage Determ ngf \te rabbits are
anesthetized w th ket anine -and KyZgtine-~.ln _each ragpit, one cornea serves
as a contrgl_This-cornea i s ex ~sald.ne <ol ut §dn only. The ot her
cornea of ®ath-rahhit is exposgd th bg fiested for its ability
of a solution
cont ai ni ng the exogenous enzymne \ F gcted into the cornea of
each rabbit. jt;f a pgripod of tiM e n each rabbit are

anal yzed to détdr ne‘&%éfsofteni : LU€” enzyme tested. In order
to determ ne softening, the results of & 1T owi ng tests perfornmed on
each cornea of a rabbit are conpared: (1) Pachy ry, tog_nmeasure the
corneal thickness; (2) Keratonetry, to measure the\ce ‘$§| cor nea

curvat ure; -33- (3) Comput er assi sted corneal to gr aphy, to eval uate
surface topographical change of a cornea; (4) &iLt-hanf exam nation, to
evaluate the clarity of the cornea, anterior chanber, agyd iris;

s are illustrative only




(3 Tononetry, to measure the intra-ocular pressure in the eye of each
rabbit; (6) Fundoscopi ¢ exam to evaluate the optic nerve and retina; (7)
Ret i noscopy, to neasure refractive error; and (8) Fl uorescein or Rose
Behgal staining, to identify damage to the corneal epithelium These tests
are then repeated after another period of time in order to determ ne the
duration and affects of the dosage of tgﬁ1qnzyne whi ch was adm ni st er ed.
Exanple 2 Use of an Inactivator of an Inhibitor of an Endogenous Enzyne
Approxi mately .25 grams of iodoacetam de is di ssol ved ) A of isotonic
saline in order to produce a solution of 0.25@6L, ARpr oxi mat el y

{ nhi bi tor EDTA
di amine tetracetic acid) is dissolved ia-iSoffoni £ §alime to-produde a
sol ution of approxinateggfo;gl%rEDfA. Appr ox 1-2 drops of _
solution are applied 2- taes_per_day. This\treatnent_is-eontinug
several days in order to stop the sofTening- rRact
cornea whi ch break down proteoglycan or colla .
The draw ngs, paraneters, co S, concentys in this
patent disclosure are given ggvazanpfizgand are in R il ., bi ndi ng,
or limting. As many changes could be nade in the above Constructions and
met hods wi t hout departing fromthe scope of the invention, it is intended
that all matter contained in the above description or shown in the
acconpanyi ng drawi ngs shall be interpreted as iIIu%&&ative and not in a
limting sense. ' -~




34- CLAI M5 1. A pharmaceutical conposition conprising an exogenous enzyne
which at |east partly degrades a structural conponent of the cornea in an
eye of a subject mammal, said enzyne being for use in correcting refractive

ertors of said cornea. 2. A pharnaceypyi¢al conposition according to claim
1, wherein said enzyne at |east partly degrades a proteo- glycan nol ecul e
of said cornea. 3. A pharmaceutical conposition according to claim 2,
wherein said enzyne at | east partly degrades a muco- pol ysacchari de
conponent of a proteegltycan nots > sai d cornea. 4. A phar maceuti cal

conposition accorgd i yherein said enzyne is hyal uroni dase. 5.
i im3, wherein said enzyne

e ABC, chondroitinase AC,

ker at anase, orf gtronelysin. 6. A pHQr aceuti cal conposition according to
claim1l1, whergi/n said enzyne degradesy & coll ag 4,nDIecuIe of the cornea. 7.
A pharmaceutijcal conposition accordink to clai N\ Wherein said enzyne
conprises at {l east one of matrix neta Ioproteinagg\% or matrix 26

met al | opr ot eijnase-2. 8. A pharnace%fical conposi t TSl an
activator

conprises at |¢g

54 | FIG. 7
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of- an endogenous enzyne, wherein said enzynme at | east partly degrades a
structural conponent of the cornea in an eye of a subject mammal, said
activator being for use in correcting refractive errors of said cor- nea.
9. A pharmaceutical conposition according to claim8, wherein said
activator conprises at |east one of in- terleukin-1, interleukin-1[err], .
tunor necrosis factor, nonosodi um uragginonohydrate, 4-am no phenyl mercuric
acetate, human serum anyloid A, human [err] m croglobin, or copper
chloride. 10. A pharmaceuti-cal conposition conprising an inactivator of an
I nhi bitor of an endogenous enzyne, wherein said enzyne at |east partly
degrades a structural conponent of the cornea in an eye of a subject

manmal , said in- hibitor being for use in correcting refractive errors of
said cornea. 11. A pharnaceuticd conposition according to claim 10,
wherein said inactivator is iodgacetam de. 12. A pharnmaceutical conposition
according to any one of the cldghs 1 to 11, wherein said conposition is
adap- ted for topical admnistr@ion to said eye of said subject nmanmal .

13. A pharmaceutical conpositiaon accarding to cim 12, wherein said

conposi tion additional |4 LhnpriSes |ilpr= =
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osones, and wherein said enzynme, activator, or inact- ivator is contained
within said |iposones. 14. A pharnmaceutical conposition according to any
one of the claims 1 to 11, wherein said conposition is adap- ted for
injectable adnministration into said eye of said subject mammual. 15. A
pharmaceutical conposition according to any one of the clains 1 to 11,
wherein said conposition is adap- ted #6ttadm ni stration by iontophoresis
to said eye of said subject nmanmal. 16. A pharnaceutical conposition
according to any one of the clains 1 to 11, wherein said conposition
addition- ally conprises proparacai ne hydrochloride. 17. A pharmaceuti cal
conposition according to any one of the clains 1 to 11, wherein said
conposition addition- ally conprises a pharnacol ogically acceptable
carrier. 18. A pharmaceutical conposition conprising an inhibitor of an
enzynme, wherein said enzyne at |least partly de- grades a structura
conponent of the cornea in an eye of a subject manmal, said inhibitor being
for use in a nedical treatnent for correcting refractive errors of said
cornea. 19. A pharmaceutical conposition according to claim 18, wherein
said inhibitor conprises at | east one of a netalloproteinase inhibitor, a
col | agenase i nhi bitor,

FIG. 10




. V\\_

i _
cysteine, EDTA, N-ethylmalim ne, cycloheximde, 1,10 phenantroli ne,
phenyl met hane sul fonyl fluoride, TIMP, TIMP-2, | MP, a conpound which
contains ferric [err] ions, or a conmpound which contains cupric [err] ions.
20. Use of the pharnmaceutical conposition of any one of the preceding
clainms for the manufacture of a nedica- nment for correcting refractive
errors of the cornea in an eye of a subject namyy;T 37 21. A product
contai ning a pharmaceutical conposition of any one of the preceding clains
and a rigid contact lens, presented separately or together, for use
together in correcting refractive errors of the cornea in an eye of a
subject manmmal, said rigid contact |ens having a paracentral curvature
sufficient to render said eye of said subject mammal enmetropic. 22. The
product of claim 21, additionally conprising a soft contact lens, in
particul ar wherein said soft contact lens is inpregnated with said
phar maceuti cal conpositionVCQ The product of claim 21, wherein said soft
contact |ens conprises col agéﬁ;.ZfZS e product of claim2l1l, wherein said
soft contact lens is bonded to said id contact |lens. 25. The product of
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|l ens further conprises: arigid anterior layer; a rigid posterior |ayer
havi ng a convex side and a concave side, wherein the convex side of said
paster- ior layer has a flatter curvature than the concave side of said
anterior |layer over a center portion of said posterior |layer; and a channel
in said center portion of said posteriorgl/ayer, wherein said channel passes
fromthe convex side of said posterior layer to the concave side of said
posterior |ayer, wherein the concave side of said 38 anterior |ayer and
t he convex side of said posterior |ayer are joined, thereby formng a
center chanber between said layers in communication with the concave side
of said posterior |layer by neans of said channel, and wherein the concave
side of said posterior |ayer has a curvature sufficient to produce
emmetropia in said eye. 26. The product of claim2l, wherein said rigid
contact lens further conprises: aszgid anterior Iﬂger havi ng a posterior

surface with iQterppdiate portion:\a rigid postérjor |ayer having an
interior surfﬁgﬁéi.t f/?’jm i nt er medi_ abe=pprtrom~wherekp the internediate
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pertion of the posterior surface of said anterior lay- er has a steeper
radi us of curvature than the anterior surface of the internediate portion
of said posterior layer; and a channel in sai-d internmediate portion of said
poster- ior |layer wherein said channel passes fromthe convex side of said
posterior layer to the concave side of saidgpesterior |ayer, wherein the
concave side of said anterior |layer and the convex side of said posterior

| ayer are joined, thereby form ng a peripheral chanmber between said. |ayers
in said internediate portions, and wherein said channel is in comunication
wi th both said peripheral chanber and the posterior surface of said
posterior |ayer of said contact |ens, wherein the concave side of said
posterior layer has a central radius of curv- ature sufficient to produce
emmetropia in said eye. 27. A product containing a pharnaceuti cal
conposition and a contact |ens, presented=separately or together, for use
together in correcting refractive FES of the forpea in an eye of a
subj ect mammal , said contact I;ﬂf"afafréiﬁﬁ‘a‘ Qnbi Mgti on contact |ens
having a rigid center and a j§'/4f‘hlar ski r/extendi Ny beyong he outer
perimeter of said rifgid ce ¥ s sgd kg a TR er haviing\a par ntr al
curvature sufficientfto 7 g o N }
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render said eye of sai d subj ect manmal emmetropic, wherein said
phar maceuti cal conposition conprises the pharmaceutical conposition of any
one of the preceding clains.
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