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Field of the Invention

This invention is a pre-formed intrastromal
corneal insert. It is made of a physiologically
compatible polymer and may be used to adjust corneal
curvature and thereby correct vision abnormalities. The
insert or segment may also be used to deliver therapeutic
or diagnostic agents to the interior of the cornea or of
the eye. The insert subtends only a portion of a ring,
or "arc", encircling the anterior cornea outside of the
cornea’s field of view but within the frontal
circumference of the cornea, but may be used in multiples
to form complete arcs or to form constructs of varying
thicknesses. The invention also includes both a
minimally invasive procedure for inserting one or more of
the devices into the cornea as well as the thus-corrected
eye.

Background of the Invention
Anomalies in the overall shape of the eye can

cause visual disorders. Hyperopia ("farsightedness")
occurs when the front-to-back distance in the eyeball is
too short. 1In such a case, parallel rays originating
greater than 20 feet from the eye focus behind the
retina. In contrast, when the front-to-back distance of
eyeball is too long, myopia ("nearsightédness") occurs
and the focus of parallel rays entering the eye occurs in
front of the retina. Astigmatism is a condition which
occurs when the parallel rays of light do not focus to a
single point within the eye, but rather have a variable
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FRma CP?Bﬂ? owever, 1t does show the concept
of using arcuate channels containing a gel-based insert
centered about the corneal to correct.

Temirov et al, " efractive circular tunnel
keroplasty in the correcticn of high myopia", Vestnik
Oftalmologii 1991: 3-21-31, suggests the use of collagen
thread as ICR material.

These publications do not suggest the
introduction of pre-formed polymeric arcuate inserts into
the cornea for the correction of various visual
aberrations. Certainly the publications do not imply
that the devices may be used to introduce therapeutic or

diagnostic materials into the corneal intrastromal space.

Summary of the Invention
This invention is a pre-formed polymeric insert

suitable for insertion between the lamella of the corneal
stroma. The insert is an arc-shaped segment of a ring
and may be used in isolation, in isolated multiples, in
cooperative multiples, as segments in a larger assemblage
encircling at least a portion of the cornea, or as
assemblages to form constructs of varying thickness. The
insert may be of one or more synthetic or natural
polymers, hydrophilic or hydrophobic, or may be a hybrid
device comprising layered materials or it may be hollow.

The insert may be adapted to be fillable with a
bioclogic agent, drug or other liquid, emulsified, or
time-release eye treatment or diagnostic material.

When the insert is a hybrid, both the inner and
outer portions may comprise variously one or more high or
low modulus, physiologically compatible polymers or a
composite of a low modulus polymer and a high modulus
polymer. The inner portion may comprise a gel or a
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circunference of the cornea, but may be used in nultiples to formconplete
arcs or twofegrearssonstructs of varying thicknesses. The i nvenptpmsed/ouae2

i ncludes both a mninmally invasive procedugg_for inserting one.or_nore of
the devices into the cornea as well as the Thus-corrected eye. THISBEHEGr AV BEEN
of the Invention Anomalies in the overall shape of }the EREPLATED

cause visual di sghdCnscoliBREoRbacho! 2hobARLBANGATCH SRBE ScUPERTAT™

front-to-back distance In too short. In such a case
paral l el rays oﬁ?é#ﬁaﬁlﬁgrgﬁeaﬁéﬂ ipakheodeeeriPEdant he eye focus behind

t he Each of Figures 4A, 4B, and 4C; 5, 5B and 5C;
6A, 6B, and 6C; and 7A, 7B, and 7C, shows respectively a
5 front view ("A"), a cross section ("B"), a top view ("C")
of various narrow point intracorneal inserts made
according to the invention.

Figures 8A, 8B, and 8C show respectively a
front view and two cross sections of a broad point

10 tapered intracorneal insert made according to the
invention.

Figures 9A, 9B, and 9C show respectively a
front view and two cross sections of a soft, filled
intracorneal insert made according to the invention.

15 Figure 10 depicts a front view of an end-to-end -
assemblage of intracorneal segments having no end
junctions between the inserts.

Figure 11 shows a front view of an end-~to-end
assemblage of intracorneal segments having junctions

20 between the inserts to hold them in a particular spatial
relationship.

Figure 12 shows a partial cross-sectional view
of an end-to-end assemblage of intracorneal segments
which are strung on a filament to form a ring.

25 Figures 13A and 13B show respectively a front
view and a cross section of an assemblage of intracorneal
inserts made according to the invention which overlap at
their ends to form a single monolithic device.

Figures 14A-14E and 15A-15F schematically

30 depict procedures for installing intracorneal inserts.

Description of the Invention
Prior to explaining the details of the

inventive devices, a short explanation of the physiology
35 of the eye is needed to appreciate the functional
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retina. In contrast, when the front-to-back di stance of eyeball is too

| ong, ny@w s/d@378sear si ght edness”) occurs and the focus of papglrh®esbfis
entering the eye occurs in front of the rehina. Astigmatismis a condition

whi ch occurs when the parallel rays of light do not focus td g;sidqueke G BEER
within the eye, but rather have a variable REPLACED

The retina (18) is a part of the bralm arising '

as an outgrowth from the fore-brain, with the optic nerve

(24) serving as a fiber tract connecting the retina part
of the brain with the fore-brain. A layer of rods and

S cones, lying just beneath a pigmented epithelium on the
anterior wall of the retina serve as visual cells or
photoreceptors which transform physical energy (light)
into nerve impulses.

Thé vitreous body (26) is a transparent

10 gelatinous mass which fills the posterior four-fifths of
the globe (11). At its sides it supports the ciliary
body (16) and the retina (18). A frontal saucer-shaped
depression (27) houses the lens.

The lens (21) of the eye is a transparent bi-

15 convex body of c ystalline appearance placed between the
iris (17) and vitreous body (26). Its axial diameter
varies markedly with accommodation. A ciliary zonule
(273), consisting of transparent fibers passing between
the ciliary body (16) and lens (21) serves to hold the

20 lens (21) in position and enables the ciliary muscle to
act on it.

Referring again to the cornea (12), this
outermost fibrous transparent coating resembles a watch
glass. Its curvature is somewhat greater than the rest

25 of the globe and is ideally spherical in nature.
However, often it is more curved in one meridian than
another giving rise to astigmatism. A central third of
the cornea is called the optical zone with a slight
flattening taking place outwardly thereof as the cornea

30 thickens towards its periphery. Most of the refraction
of the eye takes place through the cornea.

Figqure 2 is a more detailed drawing of the
anterior portion of the globe showing the various layers
of the cornea (12) making up the epithelium (31).

35 Epithelial cells on the surface thereof function to
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- 2- focus due to the fact that the cornea refracts light in a different

meri di an wo shifshsr ent di stances. Sonme degree of astigmati sm ipgTRAo4BE4e2 DUL
where it is pronounced, the astigmati sm nust be corrected.

Hyper opi a, nyopia, and astigmatismare usufPl'y corrected by gla
Surgical nethods for the correction of such di sprder RERLECED
known. Such nethods include radial keratotony (see,. e, g. . S. Pat ent $Nos:
4815, 463 and 498887336 sh3pea Enflnnel' ¥s
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partially circling the cornea at the chosen radius. The
dissector is then rotated in the opposite direction to
withdraw it from the tunnel or channel thus formed. An
intrastromal segment is then introduced into the channel.

As is shown in Figure 3A, the arcuate segment
(300) is a portion of the circle and subtends some
specific amount of a circumference of the cornea (at some
chosen radius) equal to a value of "a", which value is
less than 360°, preferably less than 320°, most
preferably less than 270°. I refer to this angle as the
"arc angle". The value of "a" is dependent upon the
indication to be resolved and the physical arrangement of
the segment (or segments) as they are installed in the
eye. For instance, often the value of "a" is 60 to 90°
for the correction of modest astigmatic aberrations. 1In
any event, for definitional purposes, the opposite ends
of a single "segment" do not meet when the segnent is
inserted into an intrastromal channel.

Similarly, if the segments are joined or used
in conjunction with each other (such as are described in
discussing Figures 10, 11, and 12 below) the value of "a"
may be any of a wide range of values up to and including
360° or more.

Similarly, Figure 3B shows an orientation angle
"3" of the segment as it is placed in the eye. Generally,
the angle "B" is the angle between the tangent of the
backside (302) of the segment (300) and the mean midline
(304) of the eye. 1if the segment were (300) to be a
continuous ring encircling the cornea, it would be known
as a cone angle. For convenience, the chosen conventions
for thickness and width are shown on Figure 3B.

We have found that for the majority of uses to
which these inserts are intended, the value of "S" may be
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abl ation (see, e.g., U S. Patent No. 4,941,093). Anot her net hod
for corrwotgsrig7ashose disorders is through the i rrpl ant ati on BCTMSP4/08462 C
rhngs (intrastromal corneal rings or in the,eye's corneal stroma to change
the curvature of the cornea. Previo Kk
vious work 1 nvolving the i Iﬁ.nSaggE?;ﬂ hO’JIS BEENI

pol ynmet hyl net hacryl ate (PMMA) rings, allograft corneal tissye

hydrogels is q,;i;igﬂ;ﬁ% %&f (P ri HWASH I BEH*\C[Pl n
desi gn whi ch YSJ Rggite into a anng?gprégggﬁg'yqdléigﬁﬁéd i.n "t he strona?
| ayer of the ccRQié@CWJrﬁtrﬁﬁmlH%MarﬁFé@l\Fe aGig angh its dead vistiyesor

produci ng the ofifgiielcoptl yutird RSRT tint@riged ynersgntandSathe fidke RSt aeqq, the

use of PMVA |ntra tro
Sblo 1r“r)agllcr ! pna(;'.l.symI er} sU suchpaatse rE:trsos'\kisi nkétl-zfd4 %Ze’x%;%Sant,o
5 crosslinked heparin, or hyaluronic acid.
In many instances, the intrastromal segments

may be hybrid, that is to say, the segments are made up
of a number of polymeric layers typically with a soft or
hydratable polymer on their outer surface. These hybrid
10 segments will be described with greater particularity
below. Partially hydrated or fully hydrated hydrophilic
polymers are typically slippery and consequently may
contribute to the ease with which the insert may be
introduced into the interlamellar tunnel. It is usually
15 desirable to (at least partially) hydrate the hybrid
intrastromal segment in that, otherwise, the intrastromal
segment during its traverse through the tunnel may
desiccate the path and begin to stick to the interior
wall of the tunnel. Suitable hydrophilic polymers
20 include polyhydroxyethylmethacrylate (pHEMA), N-
substituted acrylamides, polyvinylpyrrolidone (PVP),
polyacrylamide, polyglycerylmethacrylate,
polyethyleneoxide, polyvinyl alcohol, polyacrylic acid,
polymethacrylic acid, poly (N, N-dimethyl amino propyl-
25 Nl-acrylamide) and their copolymers and their
combinations with hydrophilic and hydrophobic comonomers,
crosslinks, and other modifiers. Thermoplastic hydrogels
include hydropolyacrylonitrile, polyvinyl alcohol
derivatives, hydrophilic polyurethanes, styrene-PVP block
30 copolymers and the like.
The intrastromal segment may be lubricated with
suitable ocular lubricants such as hyaluronic acid,
methylethyl cellulose, dextran solutions, glycerine

solutions, polysaccharides, or oligosaccharides upon its
35
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Reynol ds; 4,671,276 to Reynolds; 4,766,895 to Reynol ds; and 4, 961, 744
to. Ki | ney@bsai7ss These docunents suggest only the use of int gﬁmk?z
' of soft

corneal rings which conpletely encircle th%écornea. The use
polymers as intrastromal inserts is not wiaely known. For instanee syPrPHAS BEEN
Patent No. 5,090,955 to Sinon, suggests an intrastromal corneal ring. pgb

| into a previ dusly e

s made by introducingﬂa setftabl e gol ner or %e ( )
i ntrastromal chBAnERe FRAYENHiGRed P LEBGREN HRESE | SRRVIRES STRYERREP Y peci f v
the precise sizpobhtéhenrenel invgntivaginssrts, i $uch pHELRES ate Ofbtald ows

precise control of, ;L0¢ PALOVEYoP A ECi AL O Do PO MIE 4L NLP {l¢ eve since
inserts may be tapered in both width and thickness, in
5 one or the other of those axes, or may be blunt. Other
variations of the ends will be discussed below to the
exte t necessary to understand the inventien. These
inserts are "pre-formed" or "pre-shaped". 3y the use of
these terms, I mean that the insert has sufficient

10 structural integrity to approximate in shape some portion
of the intrastromal channel into which it is to be
placed.

Figure 4A shows a front view of a pre-shaped
intracorneal insert (400) having ends (402). The

15 intracorneal insert tapers both in width and in thickness
to narrow points (402). Viewed in cross section in
Figure 4B, the genera.ly smooth convex front surface
(404) and planar rear surface (406) may be seen. Figure
4C shows a side view of the segment or insert. Some care

20 must be taken in using an insert having such narrowly
pointed ends since such inserts are intended to be
introduced into a previously created intrastromal
channel. Points of great sharpness may wander in
direction from the desired channel.

25 Figure 5A shows a front view of an intracorneal
insert (500) having ends (502). Again, the intracorneal
insert tapers both in width and in thickness to narrow
points (502). Viewed in cross section in Figure 4B, the
generally hexagonal shape may be seen. The surfaces most

30 adjacent the anterior surface of the eye and the side
just opposite are generaliy the two longer of the sides.
Those generally planar front surface (504) and planar
rear surface (506) may be seen. Our previous experience
with Intracorneal Rings ("ICRs") has demonstrated that

35 the use of such a shape in the cornea is generally less
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- 3 - t he gel must sinply conformto the shape of the intrastromal
channel .wbesmyrss, it does show the concept of using arcuat epchasgessas:

containing a gel-based insert centered abqut the corneal to o) -
Tenmirov et al, "Refractive circular tunnel*>~ (THiS SHEE? HAS BEEN
REPLACED

elasticity is considered to be greater in value than
about 3.5 kpsi, preferably 5-12 kpsi, and most preferably
8-10 kpsi These high modulus of elasticity polymers are
discussed above.

5 If hydratable polymers are chosen for the
outside layers, the extent to which those outer layers
swell upon hydration is dependent upon the type of
polymer chosen and, when the polymer is hydratable, upon
the amount of cross-linking found in the outer layers

10 (702) and (706), and upon the thickness of the layer.
Generally speaking, the more highly linked the hydratable
polymer, the smaller the amount of volume change upon
hydration. Conversely, a polymer having only sufficient
cross-linking for strength in the service in which this

15 device is placed, will have a somewhat lower level of
cross-linkinc Alternatively, a substantially
nonswellable polymer system may be formed of a hydrogel
physically interpenetrated by another polymer which does
not hydrate, e.g., polyHEMA.

20 The thickness of the outer layer depends in
large function upon the intended use of the intrastromal
segment. If the outer layer is used to provide a
swellable outer layer which does not add significantly to
the size of the intrastromal segment or is used

25 functionally as a lubricant layer, the other layer may be
quite thin -- even to the point of a layer of minimum
coverage, perhaps as thin as a single molecular layer.

Of course, the inner and outer layers need not
be, respectively, low modulus and high modulus polymers

30 but may instead be multiple layers of low modulus
polymers including an outer hydrophilic polymer layer and
an inner hydrophobic polymer; a variety of hydrophilic
polynmers; etc.

Additionally, the inventive device shown in

35 Figures 7A to 7C need not have a inner (704) and outer
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keroplasty in the correction of high nyopia", Vestnik Otal nologii 1991
3-21- 31, wouansdss the use of collagen thread as intrastronalpcgarsogogsss i NY

mat eri al . These publications do not suggest the int

aduction of

pre-formed polymeric arcuate inserts intothe cornea for the
various visual aberrations. Certainly the publications do not
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the devices may be used tq intrqduce therapeutic_or di.agn It—Aatettaks
into the corneal intrastF&ﬁEFesggcégowssﬁﬁﬁaﬁyngf Fﬁ31% vgﬁ?ﬁgnW%hc

Thi s inventionmay deprfa-ifiedred tholay keoilogicsert dsuigt @i @ther

iligmridi, or

between the la@%éf%d%%éhﬁ% %%&Q%%leye treatment material. These

devices may be tied or pinched or crimped or otherwise

5 connected at their point of insertion by known
techniques.
The shell (902) may be injected with

a settable

soft polymer core, allowed to expand to a desired

thickness, and set. Polymeric gels which do not

10 polymerize in situ are preferred. Suitable injectable

polymers are well known but include polyHEMA hydrogel,

cross-linked collagen, cross-linked hyaluronic

acid,

siloxane gels, and organic-siloxane gels such as cross-

linked methyl vinyl siloxane gels.

15 Figure 10 shows a variation of the invention in

which an assemblage of the inventive intrastromal

segments (950) are formed into a polymeric ring or, at

least, into an assemblage which totals no more

than 360°

of corneal circumference when assembled into the

20 intracorneal space. The two segments (950) depicted in

Figure 10 may be of any of the individual variations

shown in the Figures above and need not be connected in

any way. The segments may be of similar or quite

different configurations depending upon the indication to
25 be remedied. Additionally, they may be inserted in
separately produced intrastromal channels which may, or

may not, be in communication within the cornea
individual insertion will be discussed in more
below.

30 Figure 11 shows a similar assemblage

. Such
detail

in which

the intracorneal segments (952) are held together using

open holes (954) and a clip (956) which may be

a simple

wire or other suitable joining device. An assemblage
such as is seen in Figure 11 may be advantageously

35
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stroma. The insert is an arc-shaped segment of a ring and may be used in
| sol ati qiag 9k/31s80l ated nul tiples, in cooperative nultiples, pausegsaet s i n

a larger assenblage encircling at |east a portion of the cogpe por 1 P
assenbl ages to form constructs of varyi ng ¥%i ckness. The in IS f:‘bé"":bf%a\‘
one or nore synthetic or natural polyners hydrophi lic or hydroptdBLeGEDy

may be a hybrid device co d terial ' ' A

The Tnsert may IBSSRARRCREt ShBe ETLBNE AFPRCR BPofobrecalaRty BroBLe
ot her |iquid, esuwhschiledroeeduree-raheastryyslitedBtint isr mddegnadiatly
materi al . nto. wgego}nga'nsﬁrElbéeétg¥bﬁhgdebQEh1BE§OQHES& fRdoout er

portions may cofSPi S8SVEPFOUSry one or moré hign | ow_nodul, us
physi ol ogi cal | $heosp&rybsdisol(PRé) sapd furned in the direction’of the

5 arrow (806) to form a partial intrastromal channel of a
d sired lengt’ A second entry slit (808) may then be
made in the cc ea and a second intrastromal channel be
made in the direction of the arrow (810).

Figure 14C shows-the introduction of the first
10 inventive segment (:212) into the first entry slit (808).
Figure 14C shows the first segment (812) in its final
resting position and the introduction of the second
segment (814) into the second entry slit (808). Finally
Figure 14E shows both first segment (812) and second
15 segment (814) in their final position within the cornea.
This demonstrates the flexibility of the procedure in
that either left or right "hand" insertion is appropriate
and the intrastromal channel need ont be a complete
circle about the cornea. Further, it should be noted
20 that the first segment (812) and the second segment (814)
may be of differing diameters or of differing arc lengths
depending upon the indication to be resolved.
Figures 15A-15F schematically portray a method
for the insertion of the segments described above in
25 which partial arc segments are introduced into separate
sections of the corneal circumference outside of the
"sight" area of tnat cornea through a single entry slit.
Figure 15A shows the making of the initial
entry slit (840) radially into the cornea. A dissector
30 blade is introduced into the entry slit (840) and turned
in the direction of the arrow (842) to form a partial
intrastromal channel of a desired length. As is shown in
Figure 15B, a second intrastromal channel is made in the
direction of the arrow (844) from the same entry slit
35  (842).
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conposite of a | ow nodul us pol ynmer and a hi gh nodul us pol yner. The inner

portion na¥]%ﬂﬂﬁg'se a gel or a ndo
pol ymeric ma eriéi which is polynerized in situ after introdﬁggﬂgﬁ4wéﬁé a
hol | ow center | ayer. -21-

myopic correction is needed, segments of between about
20° and 90°, preferably between about 20° and 60° may be
used. Where treatment of astigmatism and myopia is
required, segments of between about 45° and 160°,

5 preferably between about 60° and 90° may be used. For
the treatment of myopia where no astigmatic enhancement
is required, segments of between about 90° and 360°,
preferably between about 90° and 270° may be used.

The terms and expressions which have been used
10 in the description above are used only as terms of
description and not of limitation. There is no intention
of excluding equivalents of the features shown or
described. It is recognized that one having ordinary
skill in this art would perceive egquivalence to the
15 inventions claimed below, whiclh equivalence would be
within the spirit of the invent.on as expressed above.

20
THIS SHEET HAS BEEN
REPLACED
25
30
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These inventive segnented inserts may be introduced into the corneal stroma
usi ng techni ques involving the steps of providing an intrastromal channel
which traverses at least a portion of the circuntornegis shat asigéh rRep&ai fi C
i ndi cations, such as astigmatism nmay be rectified by ne or
nore of the inserts into a partial intrastronal channemﬂﬂuwﬁmlﬁ l!lhe
steeper portions of the anterior corneal S face wtho f a
conplete intrastromal corneal ring (or intracorneal ring). | f
hydr at abl e pblGing ASeME N VEINEYONay be hydrated before or after

introduction into_the i ntrastrol assageway Gcreated.b he. sur gi cal
devi ce 1. An 1ntrastromal cgmea?gnserty sul n%;octiuctlon into the

h
v

table for i
corneal stroma comprising a pre-shaped, physiologically compatible, polymeric
segment adapted for introduction into an intrastromal intracorneal channel and

having an arc angle less than 360° when inserted into the intrastromal channel.

5 2. The insert of claim | where the segment comprises an arc angle of

less than about 320°.

3. The insert of claim 2 where the segment comprises an arc angle of

less than about 270°.

4. The insert of claim 3 where the segment comprises an arc angle of
10 20 to 90°.
5. The insert of claim 2 where the segment comprisesa low modulus

physiologically compatible polymer.

6. The insert of claim 5 where the low modulus physiologically
compatible polymer is selected from polyhydroxyethylmethacrylate
15 (Poly-HEMA), polyvinylpyrrolidone (PVP), polyethylene oxide, or
polyacrylates, polyacrylic acid and its derivatives, their copolymers and
interpolymers, silicones, crosslinked dextran, crosslinked heparin, or hyaluronic

acid.

7. The insert of claim 5 where the low modulus physiologically
20 compatible polymer is selected from hydratable polymers which swell upon
hydration, hydratable polymer systems which do not swell upon hydration, and

elastomers.
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used to introduce the @gﬁ%pl ® the eye. |If the outer layer is
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eye, the final size of t Thﬁ%ﬁhgﬂﬁs set
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8. The insert of claim 2 where the segment
comprises comprises a polymer having a high modulus of

elasticity.

9. The insert of claim 8 in which the polymer
having a high modulus of elasticity comprises a polymer
selected from PMMA, TEFLON, polysulfones, polycarbonate,
epoxies, a polyolefin selected from polyethylene,
polypropylene, polybutylene, mixtures, or interpolymers.

10. The insert of claim 1 having a hollow
inner fillable portion.

11. The insert of claim 10 where the hollow
inner portion is fillable with a liquid.

12. The insert of claim 10 where the hollow
inner portion is at least partially filled with a gel or
a settable polymer, a drug or a biologic agent.

13. The insert of claim 12 where the gel or
settable polymer is selected from polyHEMA hydrogel,
cross-linked collagen, cross~linked hyaluronic acid,
siloxane gels, polyvinyl pyrrolidone, and organic-
siloxane gels.

14. The insert of claim 5 additionally

comprising a drug or biologic agent.
15. The insert of claims 12 or 14 where the

drug is selected from dexamethasone, heparin,
corticosteroids, antimitotics, antifibrotics,

A



Figure 1 is a schematic illustration of a horizontal section of the eye.

Figure 2_J ematic illustration of the anterior porti ye
showi ng t c29'6;\3"<%13r$"|g§(;us | ayers of the cornea. Fi gur?s&@,g%ﬂg“%B

show respectively a front view and a crosg5section of a typical
I ntracorneal insert

25. The insert of claim 23 where at least one
polymeric layer comprises a high modulus physiologically
compatible polymer.

10
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20
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t he description. Each of Figures 4A, 4B, and 4C, 5A, § :

s Sfurand SC,
6A,” 6B, and 6CPEIT 7A 7B, wmi%tu@m BSRTYEBEANZATION g \.,,_, (A,
a cross section ("B"), a top view vari ous narrow poi nt
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tapered intracorneal insert nmade according to the invention.

Fi gures S%o fRzrand 9C show respectively a front view and tWPCfﬁ)%?:ﬁos«SZ
sections of a soft, filled intracorneal insert nade according to e

i nventi on. Figure 10 depicts a fropt view of an end-to-end
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whi ch are strung on a filanment to forma ring. Fi gures 13A and

13B sho ively « @,mken\Reglwcénd a cross section of TAGSH ge of
i nt raco%éggleﬁ%erté‘}%ﬂe L g to the invention whi chq:lgverl g[gmaG? their
ends to forma singl % m i vi ce. Fi gures 14A- 14E and
15A- 15F schemati cal | rocedures ¥/6r installing intracorneal
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the eye with the globe (11) of the eye resenbling a sphere with an anterior
bul ged syftesd,e3aks portion representing the cornea (12). PCT/US94/0%468!| obe
(11I) of the eye consists of three concentric coverings enclosing the

various transparent nedia through which the |ight nust pass before reaching
the light-sensitive retina (18). The ot ®rnost cover i Ng i SThé ShéebH@WB%en Replaced

protective portion the posterior five-sixths of which is whi
and called the sclera (13), and sonetines referred to as the
r y

eye where visible to the front. The anterior one-sixth of this ou

IS the transpare ornea @) . A mddle covering is mainly
vascul ar andgr tTve in f/unction and is nmade up of the choroid,

900

900

/
) WD

\/QC

Fig. 9A Fig. 9B Fig. 9C

THIS SHEET HAS BEEN
REPLAGED

962

950

Fig. 10 Fig. 11 Fig. 12

564

Fig. 13A Fig. 13B




ciliary body (16), and iris (17). The choroid generally functions to
mai nt ai n ilna (18). The ciliary body (16) is involved I ng
t he I'ens“@%’&gﬁ% accomodation of the lens. The iris (17) ipgl?f‘ﬁsg%ﬁ%gg
anterior portion of the mddle covering of the eye and is arranged in a
frontal plane. It is a thin circular disge simlar in function to the
di aphragm of a canera, and is perforate near its center by a circular
aperture called the pupil (19). The size of the pupil varies to regul ate
t he amount of |ight which reaches the retina (18). It contracts also to
accommodati on, which serves to sharpen the focus by di m nishing spherical
aberration. The iris divides g?g space between the cornea (12) and the |ens
¢ 22) and posteri oradl?anber 814

Fig. 14B Fig. 14E
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(23). The innernost portion of covering is the retina (18), consisting of

nerve el gepssig7shi ch formthe true receptive portion for i‘b’fh')@b:t/os“z
| mpr essi ons. -7-
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The ret is a part- of the brain arising as an outgro
fore- brgﬂﬁggéﬁ%% the optic nerve (24) serving as a fiber trg%ﬁm%;ﬁﬂ%%¥lng
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Field of the Invention )
This invention is a pre-formed intrastromal
corneal insert. It is made of a physiologically
compatible polymer and may be used to adjust corneal
The
insert or segment may also be used to deliver therapeutic
or diagnostic agents to the interior of the cornea or of

the eye.

curvature and thereby correct vision abnormalities.

The insert subtends only a portion of a ring,
or "“arc!", encircling the anterior cornea outside of the
cornea’s field of view but within the frontal
circumference of the cornea, but may be used in multiples
to form complete arcs or to form constructs of varying
thicknesses. The invention also includes both a
minimally invasive procedure for inserting one or more of
the devices into the cornea as well as the thus-corrected

eye.

Background of the Invention

Anomalies in the overall shape of the eye can
cause visual disorders. Hyperopia ("farsightedness")
occurs when the front-to-back distance in the eyeball is
too short. In such a case, parallel rays originating
greater than 20 feet from the eye focus behind the
retina.
eyeball
and the

front of the retina.

In contrast, when the front-to-back distance of
is too long, myopia ("nearsightédness") occurs
focus of parallel rays entering the eye occurs in
Astigmatism is a condition which
occurs when the parallel rays of light do not focus to a
single point within the eye, but rather have a variable

REPLACED §;
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depression (27) houses the |ens. The lens (21) of the eye is a
transparent bi- convex body of crystalline appearance placed between the
iris (17YYOaf0375% r eous body (26). Its axial dianmeter varies RGI/US4I0§462i t h
acconmodation. A ciliary zonule (273), consi&dting of transparent fibe ,
passi ng between the ciliary body (16) and lens (21) serves to hold the |ens
(21) in position and enables the ciliary nuscle to act on it.

Ref erring agai n BF4shd4S i dhe fach hlat fihe (ARNes Frefragtsankighterkn a

coating resenbl ep FEerdth risHian t#t AIfRirert G SRRl Haad ]faegtﬂ-?éﬂ the
;rgffa gLr 523 iglnog e%ﬁ;ﬁﬁa}%%%% Sipohr%allc,albdtn wr}‘aetruer ei.'t qosmﬁ/regﬂouonée%n, IttheI S

astigmatism must be corrected.

5 Hyperopia, myopia, and astigmatism are usually
corrected by glasses or contact lenses. Surgical methods
for the correction of such disorders are known. Such
methods include radial keratotomy (see, e.g., U.S.
Patents Nos. 4,815,463 and 4,688,570) and laser corneal

10 ablation (see, e.g., U.S. Patent No. 4,941,093).

Another method for correcting those disorders
is through the implantation of polymeric rings
(intrastromal corneal rings or "ICR’s") in the eye’s
corneal stroma to change thé curvature of the cornea.

15 Previous work involving the implantation of
polymethylmethacrylate (PMMA) rings, allograft corneal
tissue, and hydrogels is well documented. One of the
ring devices involves a split ring design which is
inserted into a channel previously dissected in the

20 stromal layer of the cornea. A minimally invasive
incision is used both for producing the channel and for
inserting the implant. See, for instance, the use of
PMMA intrastromal rings in U.S. Patents Nos. 4,452,235 to
Reynolds; 4,671,276 to Reynolds; 4,766,895 to Reynolds;

25 and 4,961,744 to Kilmer et al. These documents suggest
only the use of ICR’s which completely encircle the
cornea.

The use of soft polymers as intrastromal inserts
is not widely known. For instance, U.S. Patent No.

30 5,090,955 to Simon, suggests an ICR which is made by
introducing a settable polymer or gel into a previously
made intrastromal channel. This procedure does not allow
the surgeon to specify the precise size of the resulting
ring nor is it a process which allows precise control of

35 the pathway of the flowing polymer within the eye since
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anot her %P'g/&g,sgi se to astigmatism A central third of the ?@’f‘dﬂﬁﬁ/%ﬁosfal | ed
Iy

the optical zone with a slight flattening taking place outwar ereof as
the cornea thickens towards its periphery=3tbst of the refraction of the
eye takes place through the cornea. Figure 2 is a nore detailed
drawi ng of the anterior portion_of the gl obe showi ng the various |ayers of
the cornea (12}hﬁaﬂﬁhgmﬂﬁttﬁémEbYtﬁ@P?HﬁF(ﬁ?)FhEpFP%BFiSﬁ EBRI s on the

surface thereointpastirealochannel. However, it does show the concept
of using arcuate channels containing a gel-based insert
centered about the corneal to correct.

5 Temirov et al, " efractive circular tunnel
keroplasty in the correcticn of high myopia", Vestnik
Oftalmologii 1991: 3-21-31, suggests the use of collagen
thread as ICR material.

These publications do not suggest the
10 introduction of pre-formed polymeric arcuate inserts into
the cornea for the correction of various visual
aberrations. Certainly the éublications do not imply
that the devices may be used to introduce therapeutic or
diagnostic materials into the corneal intrastromal space.
15
Summary of the Invention
This invention is a pre-formed polymeric insert
suitable for insertion between the lamella of the corneal
stroma. The insert is an arc-shaped segment of a ring
20 and may be used in isolation, in isolated multiples, in
cooperative multiples, as segments in a larger assemblage
encircling at least a portion of the cornea, or as
assemblages to form constructs of varying thickness. The
insert may be of one or more synthetic or natural
25 polymers, hydrophilic or hydrophobic, or may be a hybrid
device comprising layered materials or it may be hollow.
The insert may be adapted to be fillable with a
biologic agent, drug or other liquid, emulsified, or
time-release eye treatment or diagnostic material.
30 When the insert is a hybrid, both the inner and
outer portions may comprise variously one or more high or
low modulus, physiologically compatible polymers or a
composite of a low modulus polymer and a high modulus
polymer. The inner portion may comprise a gel or a
35
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mai nt ai nypreapapar ency of the cornea (12). These epithelial |ch
I n glycogen, enzynes, and acetylcholine and their activity reghﬁg‘?]&?‘“S

corneal corpuscles and controls the transgért of water and electrolytes

through the lamellae of the stroma (32) of the cornea (12). An
anterior Iinitin | anel l a (33 erre
yméyic ma& f&al Llch QS polymerized in situ after

1ntroductlon into a hollow center layer.

These inventive segmented inserts may be

introduced into the corneal stroma using techniques

5 involving the steps of providing an intrastromal channel
which traverses at least a portion of the circumcorneal
rotation. Specific indications, such as astigmatism, may
be rectified by insertion of one or more of the inserts
into a partial intrastromal channel to flatten the

10 steeper portions of the anterior corneal surface without
insertion of a complete intracorneal ring (ICR).

If hydratable polyﬁers are used, they may be
hydrated before or after introduction into the |
intrastromal passageway created by the surgical device

15 used to introduce these devices into the eye. If the
outer layer is hydrated before insertion into the eye,
the final size of the insert is set before that
insertion. If the hydratable polymers are allowed to
hydrate within the corneal space, the device (if

20 appropriate polymers are chosen) will swell within the
eye to its final size. If prehydrated, the outer layer
often provides a measure of lubricity to the device,
allowing it to be inserted with greater ease. Other of
the noted low modulus polymers may also provide such

25 lubricity.

Descripti e_Drawings
Figure 1 is a schematic illustration of a
horizontal section of the eye.

30 Figure 2 is a schematic illustration of the
anterior portion of the eye showing the various layers of
the cornea.

Figures 3A and 3B show respectively a front
view and a cross section of a typical intracorneal insert

35
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as Bowmay; ane or layer, is positioned between the ep

and the &i%%m of the cornea. The stroma (32) are made m#ﬁmgéél | ae
havi ng bands of fibrils parallel to each ot¥rer and crossing the whol e of
the cornea. Wiile nost of the fibrous bands are parallel to the surface,

sonme are oblique, especially anterior osterjor limting |lapella (34)
is referred to BAdPOAGIFLiING %rﬁﬂ%m’é;/"?’itf%" Fryeh %‘rﬁ%ﬁ A har pl y

defined from t hie 5inédrotdeng ﬁEﬂrmlﬂie&rHeéérnﬂfm.ogl cal processes of the

ggmgg' and consi st:srhgf egd%%gl%y a%"f'")%ﬁ %’é %ﬁoﬁ%fofé eréslk)’( #y ?%%t e

transition zoneshete®ecrandesCprandcla v 7B 38ndnic s shows arespectirelynl and

the 5 front view ("A"), a cross section ("B"), a top view ("C%)
of various narrow point intracorneal ‘inserts made
according to the invention.

Figures 8A, 8B, and 8C show respectively a
front view and two cross sections of a broad point

10 tapered intracorneal insert made according to the
invention. .

Figures 9A, 9B, and 9C show respectively a
front view and two cross sections of a soft, filled
intracorneal insert made according to the invention.

15 Figure 10 depicts a front view of an end-to-end
assemblage of intracorneal segments having no end
junctions between the inserts.

Figure 11 shows a front view of an end-to-end
assemblage of intracorneal segments having junctions

20 between the inserts to hold them in a particular spatial
relationship.

Figure 12 shows a partial cross-sectional view
of an end-to-end assemblage of intracorneal segments
which are strung on a filament to form a ring.

25 Figures 13A and 13B show respectively a front
view and a cross section of an assemblage of intracorneal
inserts made according to the invention which overlap at
their ends to form a single monolithic device.

Figures 14A-14E and 15A-15F schematically

30 depict procedures for installing intracorneal inserts.

Description of the Invention
Prior to explaining the details of the

inventive devices, a short explanation of the physiology
35 of the eye is needed to appreciate the functional
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cornea ( he ot her. Figure 3A shows a fro
B asis : "Gt

typical "iIns made according to the invention and Figure
cross section of that insert. These segnemés are suitable for insertion
into the appropriately prepared interlanellar, intrastromal, intracorneal

channel of the eye. Generally the intrastromal .segnent is _installed in
the fol | owi ng PRIAGAOTRRARL CRESS IMTEASERGAL TAERRE Ohe WHEE t0
rgdlgsthn mhlthkh%WEntrastronal segnent is wultinmately to be installed
abou e cornea. i ssector _i.n the far fs (I I oi nt
suitable for producing ?H@‘ﬁrr'ﬁ ér Is}r?éﬁ & rH@%&ﬁ%@%%ln c,(z#g%%é&%‘é:’%&sfbrﬂgm i s
i ntroduced i nt aheheyst nartl teaglokie dUgh) ©fe thealdye nesemkding & is then

rotated ings uc@pq,'efxaes hii%h Hdflarfterior bulged spherical portion

representing the cornea (12).

The globe (11) of the eye consists of three
concentric coverings enclosing the various transparent
media through which the light must pass before reaching

10 the light-sensitive retina (18). The outermost covering
is a fibrous protective portion the posterior five-sixths
of which is white and opaque and called the sclera (13),
and sometimes referred to as the white of the eye where
visible to the front. The anterior one-sixth of this

15 outer layer is the transparent cornea (12).

A middle covering is mainly vascular and
nutritive in function and is made up of the choroid,
ciliary body (16), and iris (17). The choroid generally
functions to maintain the retina (18). The ciliary body

20 (16) is involved in suspending the lens (21) and
accommodation of the lens. The iris (17) is the most
anterior portion of the middle covering of the eye and is
arranged in a frontal plane. It is a thin circular disc
similar in function to the diaphragm of a camera, and is

25 perforate near its center by a circular aperture called
the pupil. (19). The size of the pupil varies to regulate
the amount of light which reaches the retina (18). It
contracts also to accommodation, which serves to sharpen
the focus by diminishing spherical aberration. The iris

30 divides the space between the cornea (12) and the lens
(21) into an anterior chamber (22) and posterior chamber
(23). The innermost portion of covering is the retina
(18), consisting of nerve elements which form the true
receptive portion for visual impressions.

35

This Sheet Has Been Replaced
T T R R |,|I|I IIIIl I|I lI

IO (T




-9- 9%?5'/&3¥sssem circular or arc-shaped channel is forrnc:ci,‘:.rmss,4/08462
R

The retina (18) is a part of the brain arising
as an outgrowth from the fore-brain, with the optic nerve
(24) serving as a fiber tract connecting the retina part
of the brain with the fore-brain. A layer of rods and

5 cones, lying just beneath a pigmented epithelium on the
anterior wall of the retina serve as visual cells or
photoreceptors which transform physical energy (light)
into nerve impulses.

Thé vitreous body (26) is a transparent

10 gelatinous mass which fills the posterior four-fifths of
the globe (11). At its sides it supports the ciliary
body (16) and the retina (18); A frontal saucer-shaped
depression (27) houses the lens.

The lens (21) of the eye is a transparent bi-

15 convex body of c¢ ystalline appearance placed between the
iris (17).and vitreous body (26). Its axial diameter
varies markedly with accommodation. A ciliary zonule
(273), consisting of transparent fibers passing between
the ciliary body (16) and lens (21) serves to hold the

20 lens (21) in position and enables the ciliary muscle to
act on it.

Referring again to the cornea (12), this
outermost fibrous transparent coating resembles a watch
glass. Its curvature is somewhat greater than the rest

25 of the globe and is ideally spherical in nature.
However, often it is more curved in one meridian than
another giving rise to astigmatism. A central third of
the cornea is called the optical zone with a slight
flattening taking place outwardly thereof as the cornea

30 thickens towards its periphery. Most of the refraction
of the eye takes place through the cornea.

Figure 2 is a more detailed drawing of the
anterior portion of the globe showing the various layers
of the cornea (12) making up the epithelium (31).

35 Epithelial cells on the surface thereof function to
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partialbmog' L ng the cornea at the chosen radius. The dig&ﬁgﬁ s .t hen
rotated In %ﬁg%%pposite direction to withdraw it fromthe tunne 4@Pa%hannel

thus forned. An intrastromal segnent is tifen introduced into the channel
As is shown in Figure 3A, the arcuate segment (300) is a portion of the
circle and subtends some specific anount of a circunference of the cornea
(at sone chosawimtdis tranapanenqy af ddefcoqngs |612hhi FheBg ue is | ess

than 360[ err] egitafer ol Yed B A i [81 'dlydBifen Prerighmfdd y drbs t han
270[err]. | refer to this qa?ﬁ%(fd__s fhe "arc. .an

dependent uporP3HY 1ThA 5 eas%q*/velcfyag?lfe ‘H@%;‘}%%F“%’}e%;%m >
of the segnentcdrpusciprernir) contrds dite itrnEpart iof tWatesy eandror
I nstance, é)fteen.'l.éc&ergf}}@ees (\Ihrcivﬁil{]thé S ffithdUYL¥le stroma (32) of

the cornea (12). '

An anterior limiting lamella (33), referred to
as Bowman’s membrane or layer, is positioned between the
epithelium (31) and the stroma (32) of the cornea. The

10 stroma (32) are made up of lamellae having bands of
fibrils parallel to each other and crossing the whole of
the cornea. While most of the fibrous bands are parallel
to the surface, some are obligque, especially anteriorly.
A posterior limiting lamella (34) is referred to as

15 Descemet’s membrane. It is a strong membrane sharply
defined from the stroma (32) and resistant to
pathological processes of the cornea.

The endothelium (36) is the most posterior
layer of the cornea and consists of a single layer of

20 cells. The limbus (37) is the transition zone between
the conjunctiva (38) and sclera on the one hand and the
cornea (12) on the other.

Figure 3A shows a front view of a typical
insert made according to the invention and Figure 3B

25 shows a cross section of that ihsert. These segments are
suitable for insertion into the appropriately prepared
interlamellar, intrastromal, intracorneal channel of the
eye. Generally the intrastromal segment is installed in
the following manner: A small radial incision is made at

30 the corneal radius in which the intrastromal segment is
ultimately to be installed about the cornea. A dissector
in the form of a split ring having a point suitable for
producing the interlamellar channel in the corneal stroma
is introduced into the stromal space through the small

35 incision. It is then rotated in such a fashion that a
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for the r .on of nodest astigmatic aberrations. In any r
definiti&ﬁgP§@%¢goses t he opposite ends of a single "segnen?&$§§wﬂgﬁaﬂeet

when the segnent is inserted into an intras¢+onmal channel.

Simlarly, if the segnents are joined or used in conjunction with each

ot her (such as are described in discussing Figures 10, 11, and 12 bel ow)
t he val ue of "ageneyabbYaﬁ9m0¢lacmld@ ¢an9900$h@99@e§hgpneb dadfermeddi ng

360[errl or n %?rth 11y c1rcf&ﬂ§|@ﬁéYGogﬁQ§r§t3€h§h8H§séﬁ Qéﬂfﬁéat'ﬁﬂe
angl e [err] e segnrent as"it is In the nerally, the

angle "[err]™ |@1$ﬁ%°%ﬂﬁlbsbE@?@eﬁ°?hEe$ahﬁeﬁ?eO?PPﬂﬁlxﬁaekEFBEl?BO§7 of
the segnment (30QitRdeakhet nEasmnthéi tennéBOdy ohahheleyhusi forhedsegarnt
were (300) go bfnérastromal segment is then introduced into the channel.
As is shown in Figure 3A, the arcuate segment
(300) is a portion of the circle and subtends some
specific amount of a circumference of the cornea (at some
chosen radius) egqual to a value of "a", which value is

10 less than 360°, preferably less than 320°, most
preferably less than 270°. I refer to this angle as the
“arc angle". The value of "a" is dependent upon the
indication to be resoclved and the physical arrangement of
the segment (or segments) as they are installed in the

15 eye. For instance, often the value of "a" is 60 to 90°
for the correction of modest astigmatic aberrations. 1In
any event, for definitional purposes, the opposite ends
of a single "segment" do not meet when the segnent is
inserted into an intrastromal channel.

20 Similarly, if the segments are joined or used
in conjunction with each other (such as are described in
discussing Figures 10, 11, and 12 below) the value of "a"
may be any of a wide range of values up to and including
360° or more.

25 Similarly, Figure 3B shows an orientation angle
ug" of the segment as it is placed in the eye. Generally,
the angle "f" is the angle between the tangent of the
backside (302) of the segment (300) and the mean midline
(304) of the eye. if the segment were (300) to be a

30 continuous ring encircling the cornea, it would be known
as a cone angle. For convenience, the chosen conventions
for thickness and width are shown on Figure 3B.

We have found that for the majority of uses to
which these inserts are intended, the value of "g" may be

35
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continuous ring encircling the cornea, it would be knowmn as_a ¢o ngl e.
For con\‘/‘@h?%?ﬂ?g? t he chosen conventions for thickness and W’M‘t’%“&?@éshom

on Figure 3B. We have found thkab-for the majority of uses to
whi ch these inserts are intended, the value of "[err]" may be
between 0° and 90°, preferably between 20° and 45°.
Generally, the value of "8" will be about 11° to 38°.
Further, the typical width is often between
0.005 inches and 0.250 inches. The typical thickness is
5 often between 0.005 inches and 0.080 inches. Both of
these parameters (along with certain other variables such
as the cross-sectional shape of the device and its
constituent polymers) determine, in large part, the level
of correction achievable by use of a selected insert.

10 The materials used in these inserts may be
relatively stiff (high modulus of elasticity)
physiologically acceptable polymers such as polymethyl-
methacrylate (PMMA), TEFLON, polycarbonate, polysulfones,
epoxies, or polyolefins such as polyethylene,

15 polypropylene, polybutylene, and their mixtures and
interpolymers. By "high modulus of elasticity", I mean
moduli greater than about 3.5 kpsi. Many of these
polymers are known in the art to be appropriately used in
hard contact lenses. Obviously, any polymer which is

20 physiologically suitable for introduction into the body
is useful in the inserts of this invention. Many of the
listed polymers are known to be suitable as hard contact
lenses. For instance, PMMA has a long history in
ophthalmological usage and consequently is quite

25 desirable for use in these inserts.

'Additionally, the polymeric material making up
the segment may be low modulus polymers, e.g., those
having a modulus of elasticity below about 3.5 kpsi, more
preferably between 1 psi and 1 kpsi, and most preferably

30 between 1 psi and 500 psi, which are physiologically
compatible with the eye. Most polymeric materials used
in soft contact lenses are suitable the segments of this
invention. The class includes physiologically compatible
elastomers and such crosslinked polymeric gels as

35 polyhydroxyethylmethacrylate (Poly-HEMA) or
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~lo- . hpugpgdlerr] and 90Lerr], preferably betveen 20[ e plraidsfgls’ 1

Ceneral ly value of "[err]" wll be about 11 to 38[err].

Further, the typical width is often betweedlt. 27mm (0. 005 i nches) and

63. 5m( 0. 250 i nches) The typical thickness is often between 1.27(0.005

i nches) and2. 03m( 0. 008 inches). Both of these paraneters (along with
certain ot her \RENYAHINERFIPHANR Gy RN lepexigde s ¥ devi ce and

itﬁ_CongfitgempdxyiﬂﬂyxaﬁékﬁGydmyXbrynldEﬁdﬂﬂrﬁﬁd,iﬁdﬁuéﬁm&dtiﬁe§prr¢0tiOn
sehLevable by ie &l S o a5 LT 4 b
as biologic polymers such as crosslinked dextran,
5 crosslinked heparin, or hyaluronic acid.

In many instances, the intrastromal segments
may be hybrid, that is to say, the segments are made up
of a number of polymeric layers typically with a soft or
hydratable polymer on their outer surface. These hybrid

10 segments will be described with greater particularity
below. Partially hydrated or fully hydrated hydrophilic
polymers are typically slippéry and consequently may
contribute to the ease with which the insert may be
introduced into the interlamellar tunnel. It is usually

15 desirable to (at least partially) hydrate the hybrid
intrastromal segment in that, otherwise, the intrastromal
segment during its traverse through the tunnel may
desiccate the path and begin to stick to the interior
wall of the tunnel. Suitable hydrophilic polymers

20 include polyhydroxyethylmethacrylate (pHEMA), N-
substituted acrylamides, polyvinylpyrrolidone (PVP),
polyacrylamide, polyglycerylmethacrylate,
polyethyleneoxide, polyvinyl alcohol, polyacrylic acid,
polymethacrylic acid, poly (N, N-dimethyl amino propyl-

25 Nl—acrylamide) and their copolymers and their

combinations with hydfophilic and hydrophobic comocnomers,
crosslinks, and other modifiers. Thermoplastic hydrogels
include hydropolyacrylonitrile, polyvinyl alcohol
derivatives, hydrophilic polyurethanes, styrene-PVP block
30  copolymers and the like.

The intrastromal segment may be lubricated with
suitable ocular lubricants such as hyaluronic acid,
methylethyl cellulose, dextran solutions, glycerine

solutions, polysaccharides, or oligosaccharides upon its
35
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physi ol ogi cal |y acceptabl e pol yners such as pol ynet hyl - nethacryl ate
(PMVR) , WBMSOBFsSpol ycar bonat e, pol ysul fones, epoxies, or polPgolushs/08i65uch
as pol yethyl ene, polypropyl ene, polybutylepe, and their m xtures and

i nterpolyners. By "high nodulus of elasticity”, | nmean noduli greater than
about 24.1 Moa (3.5 kpsi) Many of these polynmers are known in the art to be

appropriately yggodudtdioh @ohalp WathethneCiviserdlion partAGuIERyWMisch is
physi ol ogi cal |y suitable for ,introdyction into.the body is _useful in.the
"ner ts of thi @1 eiies COVARPeGr LASRESE SRatoSRRD S, 25 AR opB 1gdc
sui t abl e as harpeblymeirac wilthosds prior hysiratden.PMYE hahydbriidngelgmentry in
?ﬁgtep?lsm)l 001 C3laH330e HPAroPRI99Le Poh¥mes it idoePqHy P & 's¥gmidst | N these
5 comprising a hydrophilic polymer is inserted into the eye
without prior hydration, subsequent to the insertion, the
intrastromal segment will swell to its final size or
thickness within the eye. This swelling often permits
the inclusion of larger intrastromal segments than would
10 normally be accommodated within normal sized intrastromal
channels. )

Low modulus polymers used in this invention are
often absorbent, particularly if they are hydratable, and
may be infused with a drug or biologic agent which may be

15 slowly released from the device after implantation of the
intrastromal segment. For instance, the low modulus
polymer may be loaded with a drug such as dexamethasone
to reduce acute inflammatory response to implanting the
device. This drug helps to prevent undesirable scarring

20 or vascular ingrowth toward the intrastromal segment .
Similarly, heparin, corticosteroids, antimitotics,
antifibrotics, antiinflammatories, anti-scar-forming,
anti-adhesion, and antiangiogenesis factors (such as

nicotine adenine dinucleotide (NAD+)) may be included to

25 reduce or prevent angiogenesis and inflammation.

- Clearly, there are a variety of other drugs
suitable for inclusion in the intrastromal segment. The
choice will depend upon the use to which the drugs are
put.

30 Each of Figures 4A and 4B and 4C, 5A and 5B and
5C, 6A and 6B and 6C, and 7A and 7B and 7C, shows
respectively a front view ("A" drawing) and a cross
section ("B" drawing) and a side view ("C" drawing) of

various narrow point intracorneal inserts made according
35
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Addi ti onal | t he polyneric material making up the segnent nmay be | ow

modul us ‘BQI%@@J%, e.g., those having a nodul us of el astici t}’c}églséwwéut
24.1 Mpa (3.5 kpsi), nore preferably betweefp.6.89 kPa (1lpsi) and 6.89 Ma
(I kpsi), nost preferably between 6.89 kPa (1psi) and 6.89 Ma (1 kpsi), and
nost preferably between 6.89 kPa (1psi) and 3.45 MPa (500 psi) which are
physi ol ogi cal | xocafeatinivemtdionh t AdthpaghMiheseokdyamings ahew aarridwed in

L LU, Ei%%s%‘fa et El%%g@i%es %?E%% OEu‘E‘i’&i gaoiil}'.‘{:%“tair%“ ofhg class
i ncl udes physi 6I"agi Cal Ty conpati bl € €l astoners and stch crossli nked
pol yneri c gel scxdticrihpspecte oy thet Aaveption.(Pahe @pdS) ofr the
inserts may be tapered in both width and thickness, in
5 one or the other of those axes, or may be blunt. Other
variations of the ends will be discussed below to the
exte ¢ necessary to understand the inventien. These
inserts are "pre-formed" or "pre-shaped". 3y the use of
these terms, I mean that the insert has sufficient

10 structural integrity to approximate in shape some portion
of the intrastromal channel into which it is to be
placed.

Figure 4A shows a front view of a pre-shaped
intracorneal insert (400) having ends (402). The

15 intracorneal insert tapers both in width and in thickness
to narrow points (402). Viewed in cross section in
Figure 4B, the genera.ly smooth convex front surface
(404) and planar rear surface (406) may be seen. Figure
4C shows a side view of the segment or insert. Some care

20 must be taken in using an insert having such narrowly
pointed ends since such inserts are intended to be
introduced into a previously created intrastromal
channel. Points of great sharpness may wander in
direction from the desired channel.

25 Figure 5A shows a front view of an intracorneal
insert (500) having ends (502). Again, the intracorneal
insert tapers both in width and in thickness to narrow
points (502). Viewed in cross section in Figure 4B, the
generally hexagonal shape may be seen. The surfaces most

30 adjacent the anterior surface of the eye and the side
just opposite are generalliy the two longer of the sides.
Those generally planar front surface (504) and planar
rear surface (506) may be seen. Our previous experience
with Intracorneal Rings ("ICRs") has demonstrated that

35 the use of such a shape in the cornea is generally less
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pol yvi nyl pyrrolidone (PVP), polyethylene oxide, or polyacrylates,
pol yacr ywioc9s#srss and its derivatives, their copolyners and ipgtrafddQlydEs’ s,
and the like as well as biologic polyners igch as crosslinked dextran,

traumatic than one of a rectangular cross section and
yet, because of the similarity of the shape to that of
the intrastromal formed by the blade producing the
channel, is often considered to be the maximum cross

5 sectional volume achievable in such configquration.
Figure 5C shows a side view of the segment or insert.

Figure 6A shows a front view of an intracorneal
insert (600) having ends (602). The intracorneal insert
tapers both in width and in thickness to narrow points

10 (502). Figure 6B shows the generally round cross
section. The cross section may also be oval-shaped with
the major axis of the oval either as the width or the
thickness or neither. Figure 6C shows a side view of the
segment or insert which, because of the symmetry of the

15 device, is the same as the top view.

Figure 7A shows a front view of a hybrid
intracorneal insert (700) having ends (702). Again, the
intracorneal insert tapers both in width and in thickness
to narrow points (702). Viewed in cross section in

20 Figure 5B, the generally hexagonal shape may be seen.
This set of Figures is to show the concept of a
multilayered insert made up of polymers of different
characteristics. In this example of a multi-layered
insert, the hybrid intrastromal segment has inner (702)

25 and outer faces (704). of polymers having low moduli of
elasticity. Low modulus polymers are those having a
modulus of elasticity below about 3.5 kpsi, more
preferably between 1 psi and 1 kpsi, and most preferably
between 1 psi and 500 psi. They must be physiologically

30 compatible with the eye. As was noted above, this class
of polymers includes most polymeric materials used in
soft contact lenses.

| The inner portion or core (706) as shown in
Figure 7B may be a physiologically compatible polymer
35 having a high modulus of elasticity. A high modulus of

This Sheet Has Been Replaced

Tiis is the ramacemant Sheed




crossli gfarin, or hyal uronic acid. I n many instances,
I ntrast [\‘gﬁgls segnents may be hybrid, that is to say, the se H{Sé“a% made

up of a nunber of polyneric layers typicallS~with a soft or hydratable
pol ynmer on their outer surface. These hybrid segnents will be described
wWith greater particularity below Partially hydrated or fully hydrated
hydr ophi | i ¢ pof¥ReFichty %§pF€%§¥9€§F¢pb@rgeaﬁneéhﬂseqUeneﬂyenayanontr|bute

to the ease wiabowbi shstlkg Esﬁféfé%bbf sniﬁoﬁgssd éH&OmBE‘E Pafﬁkégf%' ar

i rid
}gPPSLer;a:Ssggﬁg %¥§de3| es %t%é$ gﬁ{;%S?FbﬁﬁFYsEQﬁﬁﬁﬁrﬂuﬂrﬁg
Its traverse tdxsughseﬁeabumael may deS|ccate the path and begin to stick
to the intgrior If hydratable polymers are chosen for the

outside layers, the extent to which those cuter layers
swell upon hydration is dependent upon the type of
polymer chosen and, when the polymer is hydratable, upon
the amount of cross-linking found in the outer layers

10 (702) and (706), and upon the thickness of the layer.
Generally speaking, the more highly linked the hydratable
polymer, the smaller the amount of volume change upon
hydration. Conversely, a polymer having only sufficient
cross~linking for strength in the service in which this

15 device is placed, will have a somewhat lower level of
cross-linkinc Alternatively, a substantially
nonswellable polymer system may be formed of a hydrogel
physically interpenetrated by another polymer which does
not hydrate, e.g., polyHEMA.

20 The thickness of the outer layer depends in
large function upon the intended use of the intrastromal
segment. If the outer layer is used to provide a
swellable outer layer which does not add significantly to
the size of the intrastromal segment or is used

25 functionally as a lubricant layer, the other layer may be
quite thin ~-- even to the point of a layer of minimum
coverage, perhaps as thin as a single molecular layer.

Of course, the inner and outer layers need not
be, respectively, low modulus and high modulus polymers

30 but may instead be multiple layers of low modulus
polymers including an outer hydrophilic polymer layer and
an inner hydrophbbic polymer; a variety of hydrophilic
polymers; etc.

Additionally, the inventive device shown in

35 Figures 7A to 7C need not have a inner (704) and outer
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wal | of the tunnel. Suitable hydrophilic polyners include

pol yhydrwwgysiodydsnet hacryl ate (pHEHA), N substituted acryl ag;'tql 4/08462
pol yvi nyl pyrrol i done (PVP), polyacryl am de, pol ygl yceryl net hac ate,
pol yet hyl eneoxi de, pol yvi nyl al cohol, poly% Tylic acid, polynethacryllc
acid, poly (N, N-dinethyl am no propyl N[err] acrylan1de) and their

I d mbi_nat th, hyd I d bi
Compnomer . - or 42080 Y SRRACYEROE R0 BN Fs LA FREF A aTRdt FEORIARogeFer
i ncl ude hydropmhyaanybonmbraﬂégvpatyvasyﬁgmhtosab dar iin&rasezomaydr ophi l i ¢
pol yur et hanes, r%ag\eehﬁvgnel QCEn‘iERQSY%BE&GBda}:Be al 's'ﬁﬁfgantlgflllgan-rhe

i ntrastronal | ubricate sui tabl e ocu ts such
as hyal uronic ggpgner portion may be desired. An intrastromal segment

5 having an inner core of a high modulus polymer and an
outer covering of a swellable polymer might be chosen.
The surgeon would remove a portion of the intrastromal
segment ‘s exterior coating or face prior to introducing
the intrastromal segment into the eye. Further, and as

10 will be discussed below in greater detail, hydrophilic
polymers are more easily infused with therapeutic and
diagnostic materials than are the high modulus materials.
In the variation just noted, the insert may then be used
to deliver the infused therapeutic and diagnostic

15 materials in a greatly delimited of treatment or
diagnostic area.

Figure 8A shows a front view of an wide end
intracorneal insert (800) having ends (802). 1In this
variation, the insert tapers only in thickness to form a

20 spade-shaped end (802). Viewed in cross section in
Figure 8B, the generic shape may be seen. Figure 8C
shows the same shape but nearer to the end of the device.
This set of Figures is to show the concept of a single-
tapered end.

25 Figure 9A is a front gquarter view of a
variation of the intrastromal segment (900) made of a low
modulus polymer system hydratable outer coating (902).
Figure 9C shows the inner cavity (904). This
intrastromal segment may be inserted into the

30 intrastromal space created by the dissector as a covering
on a tool similar to the dissector which created the
intracorneal channel. Once in position the insertion
tool is rotated out of the intrastromal segment leaving
the shell within the stroma.

35
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met hyl et‘]%lgs@?slsul ose, dextran solutions, glycerine soluti O%T/Us%/os«iz

pol ysaccharrTdes, or oligosaccharides upon its
-12- -17-

Figure 9C shows the inner cavity (904) which
may be filled with a biologic, a drug or other liquid, or
biologically active eye treatment material. These
devices may be tied or pinched or crimped or otherwise

5 connected at their point of insertion by known
techniques.

The shell (902) may be injected with a settable
soft polymer core, allowed to expand to a desired
thickness, and set. Polymeric gels which do not

10 polymerize in sjtu are preferred. Suitable injectable
polymers are well known but include polyHEMA hydrogel,
cross-linked collagen, cross~linked hyaluronic acid,
siloxane gels, and organic-siloxane gels such as cross-
linked methyl vinyl siloxane gels.

15 Figure 10 shows a variation of the invention in
which an assemblage of the inventive intrastromal
segments (950) are formed into a polymeric ring or, at
least, into an assemblage which totals no more than 360°
of corneal circumference when assembled into the

20 intracorneal space. The two segments (950) depicted in
Figure 10 may be of any of the individual variations
shown in the Figures above and need not be connected in
any way. The segments may be of similar or quite
different configurations depending upon the indication to

25 be remedied. Additionally, they may be inserted in
separately produced intrastromal channels which may, or
may not, be in communication within the cornea. Such
individual insertion will be discussed in more detail
below.

30 Figure 11 shows a similar assemblage in which
the intracorneal segments (952) are held together using
open holes (954) and a clip (956) which may be a simple
wire or other suitable joining device. An assemblage
such as is seen in Figure 11 may be advantageously

35
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I ntroduction to help with the insertion particularly if one wishes to

i nsert Y P¥9%75%mal segments of hydrophilic polyners wit houPCHUSE08462
hydration. If a hybrid segnent having a hygdrophilic polyneric covering or a
segnent conprising a hydrophilic polynmer is inserted into the eye w thout
prior hydration, subsequent to the insertion, the intrastromal segment wll

swell to its fingéreéderPomt §i skngbe wehbral t peryrRy, Ths Swsyel béng often
permts the inglusion gf lﬂé er intrastromal segnments than would nornmally
be accommodat €3I hPRINBFHRY " si zed i ntrastromal channels. Low
modul us pol yners used i nFigusei h¥eshivws areaviatihonbsanbassembhagecofarly

LfoLhey o e NYELGhaRts, FROWHEUn DEnk LEcEroNt ! fodoflr dfe OLePhlh OBbGelEn!
5 on a filament (962). The segments (960) have an open
pathway along their length (see cutawéy) which permits
such stringing.
Figures 13A and 13B show a variation of the
inventive intracorneal inserts in which two or more
10 inserts overlap to form an assemblage. The top view
shown in Figure 13A depicts the assemblage as found in
the eye. The assemblage need not be formed of segments
of the same or similar width or thickness or material of
construction nor need the assemblage be limited to the
15 semicircle shown in Figure 13A. Although a front-to-back
assemblage of is depicted in Figure 13B, the juncﬁion
between the sections (964 & 966) may be of any other
design which is allows contact between the adjoining
sections and remains relatively immobile after the
20 placement in the cornea. For instance, the design shown
in Figures 13A and 13B involves the use of a smooth
interface. The intrastromal channel normally exerts
substantial force against the assemblage and will
maintain the segments in the depicted relational position
25 within the eye. 1In addition, rather than overlapping,
the inserts may be stacked one on top of the other to
form a further assemblage.
Figures 14A-14E schematically portray a method
for the insertion of the segments described above in
30 which partial arc segments are introduced into separate
sections of the corneal circumference outside of the
"sight" area of that cornea.
In Figure 14A, the frontal view shows the iris
(800) and the pupil (802). As was described above, the
35 cornea is clear and is not visible in these drawings.
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sl ow y fromthe device after inplantation of the i I
segnent . gﬁéjﬁgsstance, t he | ow nodul us pol yner may be | oad %ﬁ'f}ﬁ?%/&ﬂ%

such as dexanet hasone to reduce acute inf4l®matory response to |nplant|ng
the device. This drug helps to prevent undesirable scarring or vascul ar
ingrowth toward the intrastromal segnent Simlarly, heparin,
cortlcoster0|d%nS%htlﬂﬂthlébe anveRtbyetdevicanisi afrepranabigssimple

anti -scar-for nd gy éd M@@&u@@; am éﬂtfflnglﬂﬂ60864§ fachaas fsasauiy‘
ni coti ne adeni pe dlnucleotld [$ Lg%oga%lage
prevent angi ogtRERikh %nﬁ°¥ﬂ??annﬁ RS Cfﬁaf?§r°§ﬁﬁ?€ ifkes
vari ety of ot heliedentgsy suitabsedf oand ntbuosedninnthée doreetionnaf thegnent.
The choicg will d5PeRds 'Pes F58mUsCphPe hl CintEsEEHES1 2 Rannel of a
d sired lengt! A second entry slit (808) may then be
made in the cc ea and a second intrastromal channel be
made in the direction of the arrow (810).
Figure 14C shows-the introduction of the first
10 inventive segment (-12) into the first entry slit (808).
Figure 14C shows the first segment (812) in its final
resting position and the introduction of the second
segment (814) into the second entry slit (808). Finally
Figure 14E shows both first segment (812) and second
15 segment (814) in their final position within the cornea.
This demonstrates the flexibility of the procedure in
that either left or right "hand" insertion is appropriate
and the ‘intrastromal channel need ont be a complete
circle about the cornea. Further, it should be noted
20 that the first segment (812) and the second segment (814)
may be of differing diameters or of differing arc lengths
depending upon the indication to be resolved.
Figures 15A~15F schematically portray a method
for the insertion of the segments described above in
25 which partial arc segments are introduced into separate
sections of the corneal circumference outside of the
"sight" area of tnat cornea through a single entry slit.
Figure 15A shows the making of the initial
entry slit (840) radially into the cornea. A dissector
30 blade is introduced into the entry slit (840) and turned
in the direction of the arrow (842) to form a partial
intrastromal channel of a desired length. As is shown in
Figure 15B, a second intrastromal channel is made in the
direction of the arrow (844) from the same entry slit
35 (842).
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put . Each of Figures 4A and 4B and 4C, 5A and 5B and 5C, 6A and
6B and 6WO 25B7¥A and 7B and 7C, shows respectively a frontPGI/Es94(08462
drawi ng) and a cross section ("B" drawi ng),and a side view ("C' draw ng)
of various narrow point intracorneal inserts nade according

Figure 15C shows the introduction of the first
segment (846) into the entry slit (842). Figure 15D
shows the first segment (846) in its final resting
position. Figure 15D shows the introduction of the

5 second segment (848) into the entry slit (840). Finally
Figure 15F shows both first segment (846) and second
segment (848) in their final position within the cornea.

Because of the nature of certain of these
inserts, a large measure of adaptability is available in

10 the process of inserting the devices. For instance, I
have found that when using various inserts (particularly
with ocular lubricants) that the inserts may be *"pushed®
nearly 180° around a previously created intrastromal
channel for insertion and then easily removed, if so

15 desired. This observation means that the following
procedure may be used. The eye of a person having myopia
and/or astigmatism may be measured to determine the
proper amount of correction needed. From this
information, the size and placement of one or more

20 segments may then be chosen. For instance, the selected
sections might be two inserts of 30° arc angle and 100
mils x 100 mils cross section at two opposing meridian.
after insertion in the appropriate channels, the vision
of the eye might again be measured. If insufficient

25 correction of an indication is found, the insert may be
withdrawn. and a larger size selected and inserted. If an
astigmatic aberration is introduced, the insert may be
withdrawn (partially or completely) and trimmed prior to
complete re-insertion. Such adjustability is not

30 normally available when dealing with gel-based rings or
with surgical techniques based on radial keratotomy.

The inserts may be useful in the treatment of
astigmatism, myopia, or the combination of the two. 1In
each case, segments of differing arc length are

35 preferred. For the treatment of astigmatism where no
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-13- to the invention. Although these draw ngs show narrow points on the
i nvent i viWQ 98785, such points are not a critical aspect of PCHUSIW(8AG2 on.
The ends of the inserts may be tapered in_?ggh wi dt h and t hi ckness, in one
or the other of those axes, or may be blunt” Qther variations of the ends

wi |l be discussed below to the extent necessary to understand the

invention. Thesg dyitedor @R idy &d Heiba Olsedidint e Get hpdine of
t hese ternms, I%ﬁ!egllthat t eli nserthas suf fsle(??:rent structeur‘?/er% ntegrity to
appr oxi mat e in@ﬁaﬁé‘ds(?@é’rpcﬂrtqf(ﬁ?ably between about 20° and 60° may be

used. Where treatment of astigmatism and myopia is
required, segments of between about 45° and 160°,

5 preferably between about 60° and 90° may be used. For
the treatment of myopia where no astigmatic enhancement
is required, segments of between about 90° and 360°,
preferably between about 90° and 270° may be used.

The terms and expressions which have been used
10 in the description above are used only as terms of
description and not of limitation. There is no intention
of excluding equivalents of the features shown or
described. It is recognized that one having ordinary
skill in this art would perceive equivalence to the
15 inventions claimed below, whichk equivalence would be
within the spirit of the invent.on as expressed above.

20
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of the intrastromal channel into which it is to be placed. Fi gure
4A shows P P¥8¥8S vi ew of a pre-shaped intracorneal insert (4SYUSP4B8463 ends
(402). The intracorneal insert tapers bothzpn width and in thickness to
narrow points (402). Viewed in cross section in Figur eT¥iBshet Mas BRAREMcldY

snoot h convex front surface (404) and planar rear surfa

seen. Figure 4@ OIAM AS iMie INUVENTION:he segnent or ins%ﬂ!mmwt%mﬁmﬂtwst
be taken in using an insert having such narrowly pointe [ ch
inserts are intended to be introduced into a previously created

i ntrastromal channel . Poilnts &n dgnsertsisarifadde for vmtdaduat idin derticon
fromthe desirggLh@ilal stroma comprising a pre-shaped,

5 physiologically compatible, polymeric segment adapted for
introduction into an intrastromal intracorneal channel
and having an arc angle less than 360° when inserted into
the intrastromal channel.

10 2. The insert of claim 1 where the segment
comprises an arc angle of less than about 320°.

3. The insert of claim 2 where the segment
comprises an arc angle of less than about 270°.
15
4. The insert of claim 3 where the segment
comprises an arc angle of 20 to 90°.

5. The insert of claim 2 where the segment
20 comprises a low modulus physiologically compatible
polymer.

6. The insert of claim 5 where the low

modulus physiologically compatible polymer is selected
25 from polyhydroxyethylmethacrylate (Poly-HEMA),

polyvinylpyrrolidone iPVP), polyethylene oxide, or

polyacrylates, polyacrylic acid and its derivatives,

their copolymers and interpolymers, silicones,

crosslinked dextran, crosslinked heparin, or hyaluronic
30 acid.

7. The insert of claim 5 where the low
modulus physiologically compatible polymer is selected
from hydratable polymers which swell upon hydration,

35
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Figure 5 ﬁee °d ntracorneal insert (500)

(502). @zﬂ %9()’3@%:,2 |n iﬁ‘ﬁg rt tapers both in width m#r}g’ﬁ%kness
to narrow points (50 cross segBtron in Figure 4B, the generally
hexagonal shape may be seen. The surfaces nost adjacent the anterior

surface of the eye and the side just opposite are generallﬁ the two | onger

of the sides. TMo¥AtaHE RIWTAT S Yeusm whigh g nopgw Wehar rear

surface (506) R IEN arfd/fe IR EmdtSs experience with Intracorneal Rings
has demonstrated that the use of such a shape in the cornea is generally

| ess
8. The insert of claim 2 where the segment

5 comprises comprises a polymer having a high modulus of
elasticity.

9. The insert of claim 8 in which the polymer
having a high modulus of elasticity comprises a polymer
10 selected from PMMA, TEFLON, polysulfones, polycarbonate,
epoxies, a polyolefin selected from polyethylene,
polypropylene, polybutylene, mixtures, or interpolymers.

10. The insert of claim 1 having a hollow
15 inner fillable portion.

11. The insert of claim 10 where the hollow
inner portion is fillable with a liquid.

20 12. The insert of claim 10 where the hollow
inner portion is at least partially filled with a gel or
a settable polymer, a drug or a biclogic agent.

13. The insert of claim 12 where the gel or
25 settable polymer is selected from polyHEMA hydrogel,
cross-linked collagen, cross-linked hyaluronic acid,
siloxane gels, polyvinyl pyrrolidone, and organic-
siloxane gels.

30 14. The insert of claim 5 additionally
comprising a drug or biologic agent.

15. The insert of claims 12 or 14 where the

drug is selected from dexamethasone, heparin,
35 corticosteroids, antimitotics, antifibrotics,

I e reoteemenr e
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romal formed by the bl ad€CHEAHE$4Y t he

thhﬂsmﬁ@ﬁwﬁe dngul ar ¢ yet, because of the simlarit
t
t he nme@4rum cross

antiinflammatory, anti-scar-forming, anti-adhesion,
antithrombogenic, and antiangiogenesis factors.

16. The insert of claim 1 additionally
comprising an ocular lubricant.

17. The insert of claim 16 where the ocular
lubricant is selected from hyaluronic acid,
methylethylcellulose, dextran solutions, glycerine
solutions, polysaccharides, or cligosaccharides.

18. The insért of claim 1 having a hollow
inner axis.

19. The insert of claim 18 where the hollow
inner axis is threadable with a filament.

20. The insert of claim 1 having ends which
are joinable to another insert.

21. The insert of claim 20 where the ends may
be overlapped or abutted to form an assenmblage.

22. The insert of claim 21 where the ends may
be overlapped to form an assemblage having a constant or
varying thickness. '

23. The insert of claim 1 comprising at least
two polymeric layers.

24. The insert of claim 23 where at least one
polymeric layer comprises a low modulus physiologically
compatible polymer.
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sectional volune achievable in such configuration. Figure 5C shows si de
vi ew of YO8 ent or insert. Fi gure 6A shows aﬂCrTe%i"‘W@&/ of an
intracorneal insert (600) having ends (6Q2%. The intracorneal insert tapers
both in.wdth and in thickness to narrow points (502). Figure 6B shows the
generally round cross section. The cross section may al so be oval - shaped
with the major axis of lﬁse omﬂe dirtdeart asf tdim i d!:h vﬂfexteh%ﬁ hi dge Sonedr

nei ther. Fi gu t eqen | nsert, whic
because of th& %r \;::%'\cgee%f f},[qﬁg, sarre ﬁ"(ﬂ}‘?ﬂ h'uy
Figure 7A shomnwaftrl&ite \noéwnxﬁr-a hybrid intracor neal | nsert (700) having

ends (702). Again, the intracorneal insert tapers both in width and in
t hi ckness 5

10
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to narrow points (702).
hexagonal shape y be seef.
a multil ayereﬁCﬁert made
this e
i nner

Th| s set

Viewed in cross section in Figure 5B,

res is to show t§g

f -
A ROR ARPERERY char act B

#'stics.

BB Rlon KA Ch T Eﬂa#@ﬁﬁbtwﬁﬁfﬁq’ NIRRT ﬁﬁﬂ‘f‘?’lﬁcﬂas

el a$siintepatiohsd Raterd Slassifiertino 1y mer s a et

bel ow aReut224. 1 Mpa (3.5 kpsi), nomd
and|6.89 MPa (1lkpsi), nost preferably

HOB SutisasbralPulicnd thailerof el Y0 85/03755

preferabl bet ween 6.89 kPa (1
e imerrop ki Dy ) 5 7= 5 R

(1 kpsi),and nost prgf erably between 6. 8(§PkPa %FS)SI ) and 3 45 NPa 500
pSi ) (ZThiateroptipns! Apmlicasipn/Nnehens i ¢ a PELUSSHPBAR! B”'@ Sﬁ‘\é&s@
K, ES; FT KG KP
aboy €y ol SuesliF i Date: 28 July 1994 (28.07.94) KR, KZ LK, LT,LU,L  O. MG MN, MW, NL, NO,
NZ, PL, PT, RO, RU, Si ., SL SK, TJ, TT, UA, US,
UZ, VN, European patent - 1, BE, CH, DE, DK, ES, FR,
(30) Priority Data: GB, GR, IE, IT, LU, MC, NL, PT, SE), OAP! patent (BF,

08/101,438 2 August 1993 (02.08.93) Us BI, , CG, C1, CM, GA, GN, ML, MR, NE, SN, TD, TG),
ARIPO patent (KE, MW, SD).
(60) Parent Application or Grant
(63) Related by Continuation Published
Us 08/101,438 (CIP) With international search report.
Filed on 2 August 1993 (02.08.93) Before the expiration of the time limit for amending the

(71) Applicant (forall designated States except US): KERAVISION.
INC. [US/US}; 48630 Milton Drive, Fremont, CA 94538-
7353 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): SILVESTRINI, Thomas, A.
{US/US]; 1701 Las Trampas Road, Alamo, CA 94507 (US).

(74) Agents: CAGAN, Felissa, H. et al.; Morrison & Foerster, 755
Page Mill Road, T Alto, CA 94304-1018 (US).

claims and 1o be republished in the event of the receipt of
amendments. :

(54) Title: SEGMENTEL 7REFORMED INTRASTROMAL CORNEAL INSERT
(57) Abstract

This invention is a preformed intra-stromal corneal insert (812, 814). It is
made of a physiologically companble polymer and may be used to adjust corneal
curvature and thereby correct vision abnonnalities. The insert of segment (812,
814) may also be used to deliver therapeutic or diagnostic agents to the interior
of the cornea, or of the eye. The insert (812, 814) subtends only a portion of a
ring or "arc”, encircling the anterior cornea outside of the cornea’s field of view.
The invention also includes a procedure for inserting the device into the cornea.
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of polymers includes nost polymeric materials used in soft contact |enses.
The i nn®O pH7FBN or core (706) as shown in Figure 7B nmay bECHUSI4/08462

physi ol ogi cal |y conpati bl e pol yner having a hi gh nodul us of elastici ty.' A
hi gh nodul us of 1/6
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el asticity is consi
pref er aBOWSB3LZE Kkps
el asticity polyners
are chosen for the

swel | upon hydratio ﬂ‘

the polyner is hydr
outer layers (702)

4B

5B

dered to be greater in value than about 3.5 kpsi,

ﬁsSh&ﬂﬂasrm&tReﬁ'beﬂel’am y 8-10 kpsi. These PRITJISIMO8162 us of
above. | f hydratable polyners

\\Mﬂ the Z fent to whi ch those outer |ayers
upon the type of polynmer chosen and, when

at abl e, upon the anmount of cross-linking found in the
and (706), and upon the thicknes%dqf}hﬁ | ayery
|

300 ! l‘\ﬁv/
A
7
7
l
thickness
Fig. 3B
400
AC 404 400\
A
4C 408
Fig. 4A Fig. 4B Fig. 4C
500
/ 502
500 500
5C s04 /

Fig.

Y S—
5B 5C

A Fig. 5B Fig. 5C
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Gener al | ng, the nore highly linked the hydratable polynmer, the
snallerk%héﬂﬁﬁgtnt of vol unme change upon hydrati on. Cbnverdﬁ@hm

having only sufficient cross-linking for strength in the service in which
this device is placed, will have a sonmewb&t | ower | evelhisgheetilosSsen Replderig.

Al ternatively, a substantiagpp nonswel |l abl e pol yner sysf

a hydrogel physically inte&penetsgged by anot her pol ynmeg
hydrate, e.g.,/Rol yHEMVA Th
in large fungfio

94/08462y mer

il -

e thickness of the outer |ayer
nded use of the intrastromal seggent. If the

epends

outer |aye provi de a swel |l abl e outer Iaéer whi ch do®9Ghot add
significa rgy to t i ze of the intrastronal sedﬂ% t or is used/
6C /

Fig. 6A Fig. 6B Fig.

6C

700
~B 700
§§§é§§§§§ ? “ﬁEEEEEEEEEE§§=§~
704

Fig. 7A Fig. 7B Fig.

802

800 | 800

/ \

8C

8B
Fig. 8A Fig. 8B Fig.

AN :""‘--‘.l"'-'*.t‘f:

e
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functionally as a lubricant |ayer, the other |layer may be quite thin --
even t oOvVORE/IBHEnt of a | ayer of mini mum coverage, perhaps XET{URIW08AS2 a
si ngl e nol ecul ar | ayer. O course, the inner and outer |ayers
need not be, respectively, |ow nodul us,zand hi gh nodul us polyrrers but may
instead be nmultiple |ayers of |ow nodul us pol yners incl udi et “Re"‘aced
hydrophilic polymer |ayer and an inner hydrophobic polymer; I’ “
hydrophilic polyners; etc. Additionally, the inve

shown in Figures 7ZA to 7C need not have a inner (704) and outer

9C

( / 900

800

/

N 9C
)y, o)

Fig. 9A Fig. 9B Fig. 9C

/ 950

954 956
952

950

Fig. 10 Fig. 11 Fig. 12

964




(702) layers over the entire intrastronmal segnent. For instance, to

al l evi av@ 980375 mati sm an intrastronmal segnment having a t hPCR®ISI4e8462 on and
a substantially thinner portion nay be desired. An intrastronmal segnent
having an i nner core of a high nodul uglfpolyrrer and an

’
’
Ty Wt

Fig. 14B Fig. 14FE
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outer cgvering of a swellable polyner m ght be chosen. The surgeon woul d
renove Cbgﬁ/(pﬁ% of the intrastromal segnent's exterior codlGIHESI4(08463ce
prior to introducing the intrastromal segnment into the eye. Further, and as
wi Il be discussed below in greater detabd6 hydrophilic polyners are nore

easily infused with therapeutic and di agnostic materials ™ < e ‘ij‘l’\
Jrodul us materials. In the variation just noted, the insertD &i sed
to deliver the infused therapeutic and di agnostic nateri al

delimted of treatnment or diagnostic area. Fi gure 8A shows a

front view of an w de end gag acorneal insert (800) having ends (802). In
this variatigfn the insery tapers only in thicl@48s to forma

’, - ,’
AR s

Fig. 15A Fig. 15D

? s ~ " ’ -
7 ~ rs
Pivaaany U WRTRENS

Fig. 15B Fig. 15E

l’l-l L
Vianvwvy

Fig. 15C Fig. 15F
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spade-shaped end (802). Viewed in cross section in Figure 8B, the generic
shape may be seen. Figure 8C shows the sane shape but nearer to the end of
the device. This set of Figures is to show the concept of a single- tapered
end. " Figure 9A is a front quarter vi a—y-afat-oh—0f—t-he—
intrastromal segment (900) made of a | owwwodullus BSFLACFMEPE: SHERTRr athhl e

outer coating (902). Figure 9C shows the inne é?k?%&f?g@ﬂyﬂﬁihkﬁﬂEﬁgﬂiﬂu

intrastromal segrent may be inserted into theii B ¥astomat papdcsd. ©r earddiby)
the di ssector as a covering on a tool sinilar it Bhreidifssectsd Mtfochezsd 2l
created the intracorneal channel. Once in posit Bontthei i nsprgeilolf. oplgeiis...
rotated out of the intrastromal segnent | eaving

| DATE OF RBCEIPT... A

SEGMEN RE~-FO D _IN STRO co I, INSERT

Field of the Inventijon

This invention is a pre~formed intrastromal
corneal insert. It is made of a physiologically
compatible polymer and may be used to adjust corneal
curvature and thereby correct vision abnormalities. The
insert or segment may also be used to deliver therapeutic
or diagnostic agents to the interior of the cornea or of
the eye. The insert subtends only a portion of a ring,
or "arc", encircling the anterior cornea outside of the
cornea’s field of view but within the frontal
circumference of the cornea, but may be used in multiples
to form complete arcs or to form constructs of varying
thicknesses. The invention also ircludes both a
minimally invasive procedure for inserting one or more of
the devices into the cornea as well as the thus-corrected

eye.
Background of the Invention

Anomalies in the overall shape of the eye can
cause visual disorders. Hyperopia ("farsightedness")
occurs when the front-to-back distance in the eyeball is
too short. In such a case, parallel rays originating
greater than 20 feet from the eye focus behind the
retina. In contrast, when the front-to-back distance of
eyeball is too long, myopia ("“nearsightedness") occurs
and the focus of parallel rays entering the eye occurs in
front of the retina. Astigmatism is a condition which
occurs when the parallel rays of light do not focus to a
single point within the eye, but rather have a variable

This is the replacement sheet
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the shell within the stronma. Fi gure 9C shows the
I nner cavity (904) which

THIS SHE[T HAS BEEN
REPLACED

focus due to the fact that the cornea refracts light in a
different meridian at different distances. Some degree
of astigmatism is normal, but where it is pronounced, the
astigmatism must be corrected.

Hyperopia, myopia, and astigmatism are usually
corrected by glasses or contact lenses. Surgical methods
for the correction of such disorders are known. Such
methods include radial keratotomy (see, e.g., U.S.
Patents Nos. 4,815,463 and 4,688,570) and laser corneal
ablation (see, e.g., U.S. Patent No. 4,941,093).

Another method for correcting those disorders
is through the implantation of polymeric rings
(intrastromal corneal rings or "ICR’s") in the eye’s
corneal stroma to change the curvature of the cornea.
Previous work involving the implantation of
polymethylmethacrylate (PMMA) rings, allograft corneal
tissue, and hydrogels is well documented. One of the
ring devices involves a split ring design which is
inserted into a channel previously dissected in the
stromal layer of the cornea. A minimally invasive
incision is used both for producing the channel and for
inserting the implant. See, for instance, the use of
PMMA intrastromal rings in U.S. Patents Nos. 4,452,235 to
Reynolds; 4,671,276 to Reynolds; 4,766,895 to Reynolds;
and 4,961,744 to Kilmer et al. These documents suggest
only the use of ICR’S which completely encircle the
cornea. .

The use of soft polymers as intrastromal inserts
is not widely known. For instance, U.S. Patent No.
5,090,955 to Simon, suggests an ICR which is made by
introducing a settable .polymer or gel into a previously
made intrastromal channel. This procedure does.not allow
the surgeon to specify the precise size of the resulting
ring nor is it a process which allows precise control of
the pathway of the flowing polymer within the eye since

Tix iy the repiacement Sneet
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may be filled with a biologic, a drug or other liquid, or biologically
activedeye treatnent material. These devices nmay be tied or pinched or
crinped or otherwi se connected at their point o ;J KW

t echni ques. The shell (902) may be in £%$e§ Hn hAgﬁgﬁwtable soft
pol ymer core, allowed to expand to a desiy.ed th cknedt &ﬁﬂJset. Pol yneric
gel s which do not polynerize in situ are preferred. SU|tabIe I njectabl e
polymers are well known but include pol yHEMA hydrogel, cross-1inked

col | agen, cragfe |gdkashdty ad Anply (bdimcd:'m Hd cotsnestpades ofartheor gani c- si | oxane

gel s such as Gross:c lLAKPeELN  Vifdiledd PANUSE Show the condagfil’ e 10

shows a vari a‘[rf € |1 nven _
of using arcuate channels containing a gel-based insert

cente 2d about the corneal to correct.

Temirov et al, "Refractive circular tunnel
keroplasty in the correction of high myopia", Vestnik
Ooftalmologii 1991: 3-21-31, suggests the use of collagen
thread as ICR material.

These publications do not suggest the
introduction of pre-formed polymeric arcuate inserts into
the cornea for the correction of various visual
aberrations. Certainly the publications do not imply
that the devices may be used to introduce therapeutic or
diagnostic materials into the corneal intrastromal space.

umma [e) e Inv

This invention is a pre~formed polymeric insert
suitable for insertion between the lamella of the corneal
stroma. The insert is an arc-shaped segment of a ring
and may be used in isolation, in isolated multiples, in
cooperative multiples, as segments in a larger assemblage
encircling at least a portion of the cornea, or as
assemblages to form constructs of varying thickness. The
insert may be of one or more synthetic or natural
polymers, hydrophilic or hydrophobic, or may be a hybrid
device comprising layered materials or it may be hollow.

The. insert may be adapted to be fillable with a
biologic agent, drug or other liquid, emulsified, or
time-release eye treatment or diagnostic material.

When the insert is a hybrid, both the inner and
outer portions may comprise variously one or more high or
low modulus, physiologically compatible polymers or a
composite of a low modulus polymer and a high modulus
polymer. The inner portion may comprise a gel or a
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whi ch an assenbl age of the inventive intrastromal segnents (950) are forned
into a polyneric ring or, at least, into an assenbl age which totals no nore
than 360[err] of corneal circunference when assenbled into the intracorneal
space. The two segnments (950) depicted in Figure of the

I ndi vi dual variations shown in the Figures abov onnect ed

I n any way. The segnents may be of simlat~or q
configurations dependi ng upon the indication to be renedl e ionally,

they may be iHSEHA&FE PRl A1 ali Ok OPNCEd1 b 88LA0FR! s¢RaNRRLs Wi ch
may, or may ngégﬁg§$ln,connunlcatlo thin the cornea. Such 1ndividua

SEIRR TR AUPBLHRY aFPPBEF ohAYer -

These inventive segmented inserts may be
introduced into the corneal stroma using techniques
involving the steps of providing an intrastromal channel
which traverses at least a portion of the circumcorneal
rotation. Specific indications, such as astigmatism, may
be rectified by insertion of one or more of the inserts
into a partial intrastromal channel to flatten the
steeper portions of the anterior corneal surface without
insertion of a complete intracorneal ring (ICR).

If hydratable polymers are used, they may be
hydrated before or after introduction into the
intrastromal passageway created by the surgical device
used to introduce these devices into the eye. If the
outer layer is hydrated before insertion into the eye,
the final size of the insert is set before that
insertion. If the hydratable polymers are allowed to
hydrate within the corneal space, the device (if
appropriate polymers are chosen) will swell within the
eye to its final size. If prehydrated, the outer layer
often provides a measure of lubricity to the device,
allowing it to be inserted with greater ease. Other of

the noted low modulus polymers may also provide such
lubricity.

i nsertion w |

ief De tion o e aw s

Figure 1 is a schematic illustration of a
horizontal section of the eye.

Figure 2 is a schematic illustration of the
anterior portion of the eye showing the wvarious layers ot
the cornea.

Figures 3A and 3B show respectively a front
view and a cross section of a typical intracorneal insert

This Sheet Has Been Replaced This is the replacement sheet
15 €¢

A oue: - 7 WAR T




Figure 11 shows a simlar assenblage in which the intracorneal segnents
(952) are held together using open holes (954) and a clip (956) which may
be a sinple wire or other suitabl-e joining device An assenbl age such as
IS seen in Figure 11 may be advant ageously :

-18- -5-

made according to the inver.:ion which shows certain
defined terms used in the description.

Each of Figures 4A, 4B, and 4C; 5A, SB and 5C;
6A, 6B, and 6C; and 7A, 7B, and 7C, shows respectively a
front view ("A"), a cross section ("B"), a top view ("C")
of various narrow point intracorneal inserts made
according to the invention.

Figures 8A, 8B, and 8C show respectively a
front view and two cross sections of a broad point-
tapered intracorneal insert made according to the
invention.

Figures 9A, 9B, and 9C show respectively a
front view and two cross sections of a soft, filled
intracorneal insert made according to the invention.

Figqure 10 depicts a front view of an end-to-end
assemblage of intracorneal segments having no end
junctions between the inserts. _

Figure 11 shows a front view of an end-to-end
assemblage of intracorneal segments having junctions
between the inserts to hold them in a particular spatial
relationship.

Figure 12 shows a partial cross-sectional view
of an end-to-end assemblage of intracorneal segments
which are strung on a filament to form a ring.

Figures 13A and 13B show respectively a front
view and a cross section of an assemblage of intracorneal
inserts made according to the invention which overlap at
their ends to form a single monolithic device.

Figures 14A-14E and 15A-15F schematically
depict procedures for installing intracorneal inserts.

Description of the Invention

Prior to explaining the details of the
inventive devices, a short explanation of the physiology
of the eye is needed to appreciate the functional

Phis 15 the replacement shess
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inserted froma single central opening, as will be described bel ow

Figure 12 shows a variation, an assenbl age of segnents, in which the
sections (960) are strung together on a filanment (962) which has a
transverse cross-section |l ess than thatof the segnents (960). The segnents
(960) have an open pathway or channel along their |length (see cutaway)

whi ch permits such stringing. =$rgures 13A and 13B show a

variation of the inventive intracorneal inserts in which tw or nore
e e ot ol Skl 20y SEREgE Era L RLAE NEbYea VL8500 158
the eye.

Figure 1 shows a horizontal cross-section of
the eye with the globe (11) of the eye resembling a
sphere with an anterior bulged spherical portion

.representing the cornea (12).

The globe (11) of the eye consists of three
concentric coverings enclosing the various transparent
media through which the light must pass before reaching
the light-sensitive retina (18). The outermost covering
is a fibrous protective pdrtion the posterior five-sixths
of which is white and opaque and called the sclera (13),
and sometimes referred to as the white of the eye where
visible to the front. The anterior one-sixth of this
outer layer is the transparent cornea (12).

A middle covering is mainly vascular and
nutritive in function and is made up of the choroid,
ciliary body (16), and iris (17). The choroid generally
functions to maintain the retina (18). The ciliary body
(16) is involved in suspending the lens (21) and
accommodation of the lens. The iris (17) is the most
anterior portion of the middle covering of the eye and is
arranged in a frontal plane. It is a thin circular disc
similar in function to the diaphragm of a camera, and is
perforate near its center by a circular aperture called
the pupil. (19). The size of the pupil varies to regulate
the amount of light which reaches the retina (18). It
contracts also to accommodation, which serves to sharpen
the focus by diminishing spherical aberration. The iris
divides the space between the cornea (12) and the lens
(21) into an anterior chamber (22) and posterior chamber
(23). The innermost portion of covering is the retina
(18), consisting of nerve elements which form the true
receptive portion for visual impressions.
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enbodi nent conprising an insert including nmultiple segnents nested one upon
another. The top view shown in Figure 13A depicts the assenbl age as found
in the eye. The assenbl age need not be forned of segnments of the sanme or
simlar width or thickness or material of construction naor need the

assenbl age be limted to the semcircle_shown in Figure 13A. Al though a
front-to-back assenbl age of is depicted7rn Figure 13B, the junction between
the sections or segnents (964 &966) may be of any other design which allows

contact between the adjoi ni ect.iQqns .and . i ivel quQQile
after the placenent igﬂhteneryecr%'rnf\aea(.maoﬁ'si %s gggg,ﬁ,%gdgsr:a\é% S G °n
Fi gures 13Aamdn 3mtgraythe£nare thee foresbradah wite thec ©ptiise nerve

i ntrastromal(handhy ity 8 la) orr Tradts cotinedt iy Thelgaitiva Pagt

assenblage:%%jé%élbrain with the fore-brain. A layer of rods and
cones, lying just beneath a pigmented epithelium on the
anterior wall of the retina serve as visual cells or
photoreceptors which transform physical energy (light)
into nerve impulses.

Thé vitreous body (26) is a transparent
gelatinous mass which f£fills the posterior four-fifths of
the globe (11). At its sides it supports the ciliary
body (16) and the retina (18). A frontal saucer-shaped
depression (27) houses the lens.

The lens (21) of the eye is a transparent bi-
convex body of crystalline appearance placed between the
iris (17) and vitreous body (26). Its axial diameter
varies markedly with accommedation. 2 ciliary zonule
(273), consisting of transparent fibe . passing between
the ciliary body (16) and lens (21) serves to hold the
lens (21) in position and enables the ciliary muscle to
act on it.

Referring again to the cornea (12), this
outermost fibrous transparent coating resembles a watch
glass. Its curvature is somewhat greater than the rest
of the globe and is ideally spherical in nature.
However, often it is more curved in one meridian than
another giving rise to astigmatism. A central third of
the cornea is called the ébtical zone with a slight
flattening taking place outwardly thereof as the cornea
thickens towards its periphery. Most of the refraction
of the eye takes place through the cornea.

Figure 2 is a more detailed drawing of the
anterior portion of the globe showing the various layers

" of the ¢ornea (12) making up the epithelium (31).
Epithelial cells on the surface thereof function to
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mai ntain the segnents in the depicted relational position within the eye.

In addition, rather than overlapping, the inserts nmay be stacked one on top
of the other to forma further assenbl age. Fi gures 14A-14E

schematically portray a nmethod for the insertion of the segnents descri bed
above in which partial arc segnents are jntroduced into separate sections
of the corneal circunference outside of The "sight" area of that cornea.
In Figure 14A, the frontal view shows the iris (800) and the pupil (802)

As was descrﬁ%@ﬁpv&aﬁé‘&ré}%ﬁe&fi&&l@@lrn@é’ld(iﬁ) Notpyésd bl e in these
draw ngs. epithelial cells are rich in glycogen, enzymes, and
acetylcholine and their activity regulates the corneal
corpuscles and controls the transport of water and
electrolytes through the lamellae of the stroma (32) of
the cornea (12).

An anterior limiting lamella (33), referred to
as Bowman’s membrane or layer, is positioned between the
epithelium (31) and the stroma (32) of the cornea. The
stroma (32) are made up of lamellae having bands of
fibrils parallel to each other and crossing the whole of
the cornea. While most of the fibrous bands are parallel
to the surface, some are oblique, especially anteriorly.
A posterior limiting lamella (34) is referred to as
Descemet’s membrane. It is a strong membrane sharply.
defined from the stroma (32) and resistant to
pathological processes of the cornea.

The endothelium (36) is the most posterior
layer of the cornea and consists of a single layer of
cells. The limbus {(37) is the transition zone between
the conjunctiva (38) and sclera on the one hand and the
cornea (12) on the other.

Figure 3A shows a front view of a typical
insert made according to the invention and Figure 3B
shows a cross section of that insert. These segments are
suitable for insertion into the appropriately prepared
interlamellar, intrastromal, intracorneal channel of the
eye. Generally the intrastromal segment is installed in
the following manner: A small radial incision is made at
the corneal radius in which the intrastromal segment is
ultimately to be installed about the cornea. A dissector
in the form of a split ring having a point suitable for
producing the interlamellar channel in the corneal stroma
is introduced into the stromal space through the small
incision. It is then rotated in such a fashion that a
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-19- Insertion of the inventive device is a reasonably sinple surgical
procedure. An entry slit (804) is made radially into the cornea. A

di ssector blade is introduced into the entry slit (804) and turned in the
direction of the

-G

generally semicircular or arc-shaped channel is formed
partially circling the cornea at the chosen radius. The
dissector is then rotated in the opposite direction to
withdraw it from the tunnel or channel thus formed. An
intrastromal segment is then introduced into the channel.

As is shown in Figure 3A, the arcuate segment
(300) is a portion of the circle and subtends some
specific amount of a circumference of the cornea (at some
chosen radius) equal to a value of "a", which value is
less than 360°, preferably less than 320°, most
preferably less than 270°. I refer to this angle as the
"arc angle". The value of "a" is dependent upon the
indication to be resolved and the physical arrangement of
the segment (or segments) as they are installed in the
eye. For instance, often the value of "a" is 60 to 90°
for the correction of modest astigmatic aberrations. 1In
any event, for definitional purposes, the opposite ends
of a single "segment" do not meet when the segment is
inserted into an intrastromal channel.

Similarly, if the segments are joined or used
in conjunction with each other (such as are described in
discussing Figures 10, 11, and 12 below) the value of "a"
may be any of a wide range of values up to and including
360° or more.

Similarly, Figure 3B shows an orientation angle
ngn of the segment as it is placed in the eye. Generally,
the angle "8" is the angle between the tangent of the
backside (302) of the segment (300) and the mean midline
(304) of the eye. if the segment were (300) to be a
continuous ring encircling the cornea, it would be known
as a cone angle. For convenience, the chosen conventions
for thickness and width are shown on Figure 3B.

We have found that for the majority of uses to
which these inserts are intended, the value of "8" may be
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arrow (806)

i ntrastronma

to forma part al intrastromal channel of a desired |length. A
second entry slit (808) may then be nmade in the cornea and a second

channel be made in the direction of_ the. arrow 109 .

Fi gure 14C shows the introduction of the first| T &nEE véiASe H@h (812)
the first entry slit (808). Figure 14C shows the fIREPUﬁEQﬁEnt 812). inits

final resting position and the introduct}®mn of

into the sec
segnment (812
cornea. This

need not be

ond entry slit (808). FinaIIy Fi gure 14E shows both first

t-he—secondsegnent (814)

into

nd secqnd segngn t heir f|n ,p05| | within the
L&%ﬁ’ﬂ'ﬁ (rbat SS%[ g%g%f'l é’bu el)"'latbg'yoPettﬁ' edur’b %lt ‘hat eit her
left or righGenexnadlyl,nddve Ve ves ofpibdpmidile %@w kY & 3@&Pal channel

a conpl et € Further, the typical width is often between
0.005 inches and 0.250 inches. The typical thickness is
often between 0.005 inches and 0.080 inches. Both of
these parameters (along with certain other variables such
as the cross—-sectional shape of the device and its
constituent polymers) determine, in large part, the level
of correction achievable by use of a selected insert.

The materials used in these inserts may be
relatively stiff (high modulus of elasticity)
physiologically acceptable polymers such as polymethyl-
methacryléte (PMMA) , TEFLON, polycarbonate, polysulfones,
epoxies, or polyolefins such as polyethylene,
polypropylene, polybutylene, and their mixtures and
interpolymers. By "high modulus of elasticity", I mean
moduli greater than about 3.5 kpsi. Many of these
polymers are known in the art to be appropriately used in
hard contact lenses. Obviously, any polymer which is
physiologically suitable for introduction into the body
is useful in the inserts of this invention. Many of the
listed polymers are known to be suitable as hard contact
lenses. For instance, PMMA has a long history in
ophthalmological usage and consequently is quite
desirable for use in these inserts.

.Additionally, the polymeric material making up
the segment may be low modulus polymers, e.g., those
having a modulus of elasticity below about 3.5 kpsi, more
preferably between 1 psi and 1 kpsi, and most preferably
between 1 psi and 500 psi, which are physiologically
compatible with the eye. Most polymeric materials used
in soft contact lenses are suitable the segments of this
invention. The class includes physiologically compatible
elastomers and such crosslinked polymeric gels as
polyhydroxyethylmethacrylate (Poly-HEMA) or
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circle about the cornea. Further, it should be noted that the first segnent
(812) and the second segnent (814) may be of differing dianeters or of
differating arc | engths dependi ng upon the indication to be resol ved.

Fi gures 15A-15F schematically portray a nethod for the insertion of the

segnents descri bed above in which part%aérarc segnents are introduced into

separate sections of the corneal circu “ence outside of the "sight" area

of that cornea through a single entry slit. _ Fi gure 15A shows the
T o Ll hplerBtatithed (B0, gLy Lang eaterpen B
di rection of pehpagrydates4opolvassykia peidi andj atpaderdNari¥asnnel of a
desired | engtheifScbfotPdbsi 8nd interpolymers, and the like as well

as biologic polymers such as crosslinked dextran,

crosslinked heparin, or hyaluronic acid.

In many instances, the intrastromal segments
may be hybrid, that is to say, the segments :are made up
of a number of polymeric layers: typically with a soft or
hydratable polymer on their outer surface. These hybrid
segments will be described with greater particularity
below. Partially hydrated or fully hydrated hydrophilic
polymers are typically slippery and consequently may
contribute to the ease with which the insert may be
introduced into the interlamellar tunnel. It is usually
desirable to (at least partially) hydrate the hybrid
intrastromal segment in that, otherwise, the intrastromal
segment during its traverse through the tunnel may
desiccate the path and begin to stick to the interior
wall of the tunnel. Suitable hydrophilic polymers
include polyhydroxyethylmethacrylate (pHEMA) , N-
substituted acrylamides, polyvinylpyrrolidone (PVP),
polyacrylamide, polyglycerylmethacrylate,
polyethyleneoxide, polyvinyl alcohol, polyacrylic acid,
polymethacrylic acid, poly (N, N-dimethyl amino propyl-
Nl-acrylamide) and their copolymers and their
combinations with hydrophilic and hydrophobic comonomers,
crosslinks, and other modifiers. Thermoplastic hydrogels
include hydropolyacrylonitrile, polyvinyl alcohol
derivatives, hydrophilic polyurethanes, styrene-PVP block
copolymers and the like.

The intrastromal segment may be lubricated with
suitable ocular lubricants such as hyaluronic acid,
methylethyl cellulose, dextran solutions, glycerine
solutions, polysaccharides, or oligosaccharides upon its
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Figure 15B, a second intrastromal channel is nmade in the direction of
arrow (844) fromthe sane entry slit (842).

- 20-

-12~

introduction to help with the insertion particularly if
one wishes to insert intrastromal segments of hydrophilic
polymers without prior hydration. If a hybrid segment
having a hydrophilic polymeric covering or a segment
comprising a hydrophilic polymer is inserted into the eye
without prior hydration, subsequent to the insertion, the
intrastromal segment will swell to its final size or
thickness within the eye. This swelling often permits
the inclusion of larger intrastromal segments than would
normally be accommodated within normal sized intrastromal
channels.

Low modulus polymers used in this invention are
often absorbent, particularly if they are hydratable, and
may be infused with a drug or biologic agent which may be
slowly released from the device after implantation of the
intrastromal segment. For instance, the low modulus
polymer may be loaded with a drug such as dexamethasone
to reduce acute inflammatory response to implanting the
device. This drug helps to prevent undesirable scarring
or vascular ingrowth toward the intrastromal segment .
Similarly, heparin, corticosteroids, antimitotics,
antifibrotics, antiinflammatories, anti-scar-forming,
anti-adhesion, and ant;angiogenesis factors (such as
nicotine adenine dinucleotide (NAD+)) may be included to

reduce or prevent angiogenesis and inflammation.

- Clearly, there are a variety of other drugs
suitable for inclusion in the intrastromal segment. The
choice will depend upon the use to which the drugs are
put. :

Each of Figures 4A and 4B and 4C, SA and 5B and
5C, 6A and 6B and 6C, and 7A and 7B  and 7C, shows
respectively a front view ("A" drawinq) and a cross
section ("B" drawing) and a side view ("C" drawing) of
various narrow point intracorneal inserts made according

t he
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Figure 15C shows the introduction of the first segnment (846) into the entry
slit (842). Figure 15D shows the first segnent (846) in its final resting
position. Figure 15D shows the introduction of the second segnment (848)
into the entry slit (840). Finally Figure 15F both-firsi _segnent
(846) and second segment (848) in their élnal E§$?$6thﬁﬁ&dﬁEm He cor nea.
Because of the nature of certain of thes i nsefts, ARBPAACED neasyre of
adaptablllty |s avai lable in the process of inserting rhedevieds. For

I nstance, % UilehBpbn 1O UL VRIQU ST dERids AL LG 1Y Wi th

ocul ar Iubrlcants e inserts na g push
points on the inventive in erts, such pOlntS are not a
critical aspect of the invention. The ends of the
inserts may be tapered in both width and thickness, in
one or the other of those axes, or may be blunt. Other
variations of the ends will be discussed below to the
extent necessary to understand the invention. These
inserts are "pre-formed" or "pre-shaped". By the use of
these terms, I mean that the insert has sufficient
structural integrity to approximate in shape some portion
of the intrastromal channel into which it is to be
placed.

Figure 4A shows a front view of a pre-shaped
intracorneal insert (400) having ends (402). The
intracorneal insert tapers both in width and in thickness
to narrow points (402). Viewed in cross section in
Figure 4B, the generally smooth convex front surface
(404) and planar rear surface (406) may be seen. Figure
4C shows a side view of the segment or insert. Some care
nmust be taken in using an insert having such narrowly
pointed ends since such inserts are intended to be
introduced into a previously created intrastromal
channel. Points of great sharpness may wander in
direction from the desired channel.

Figure S5A shows a front view of an intracorneal
insert (500) having ends (502). Again, the intracorneal
insert tapers both in width and in thickness to narrow
points (502). Viewed in cross section in Figure 4B, the
generally hexagonal shape may be seen. The surfaces most
adjacent the anterior surface of the eye and the side
just opposite are generally the two longer of the sides.
Those generally planar front surface (504) and planar
rear surface (506) may be seen. Our previous experience
with Intracorneal Rings ("ICRs"“) has demonstrated that
the use of such a shape in the cornea is generally less
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nearly 180[err] around a previously created intrastromal channel for

I nsertion and then easily renoved, if so desired. This observation neans
that the foll owi ng procedure may be used. The T i ng myopi a
and/ or- asti gmati sm may be nmeasured to determ nel THE %ﬁ@ ant} of
correction needed. Fromthis information, the sfze amEPpheiene

nore segnents may then be chosen. For i isfance, €l ect ed sections m ght
be two inserts of 30[err] arc angle and 25.4mm x 25.4nmm (100 mls x 100

mls) cross [ OPRO S L £l t L Os ' [ he
appropriate ?ﬁ%%ne s?ét$¥gbisioﬁégga?ﬁ%égigg%%gétggéggngﬁétgggsﬂ?%d. | f

i nsufficient ¥3Fr cReFIRSDIOLNERA PRI IJRLIFE PH He #RAPE kR Fhakyohe
wi t hdrawn andcie | fiigeastratasefeched pypdthasplagd. ptédating the

channel, is often considered to be the maximum cross
sectional volume achievable in such configuration.
Figure 5C shows a side view of the segment or insert.
Figure 6A shows a front view of an intracorneal
insert (600) having ends (602). The intracorneal insert
tapers both in width and in thickness to narrow points
(502). Figure 6B shows the generally round cross
section. The cross section may also be oval-shaped with
the major axis of the oval either as the width or the
thickness or neither. Figure 6C shows a side view of the
segment or insert which, because of the symmetry of the
device, is the same as the top view.

Figure 7A shows a front view of a hybrid
intracorneal insert (700) having ends (702). Again, the
intracorneal insert tapers both in width and in thickness
to narrow points (702). Viewed in cross section in
Figure 5B, the generally hexagonal shape may be seen.
This set of Figures is to show the concept of a
multilayered insert made up of polymérs of different
characteristics. In this example of a multi-layered
insert, the hybrid intrastromal segment has inner (702)
and outer faces (704) of. polymers having low moduli of
elasticity. Low modulus polymers are those having a
modulus of elasticity below about 3.5 kpsi, more
preferably between 1 psi and 1 kpsi, and most preferably
between 1 psi and 500 psi. They must be physiologically
compatible with the eye. As was noted above, this class
of polymers includes most polymeric materials used in
soft contact lenses.

_. The inner portion or core (706) as shown in
Figure 7B may be a phyéiologically compatible polymer
having a high modulus of elasticity. A high modulus of

T 1o ng theacsinant shee
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astigmatic aberration is introduced, the insert may be withdrawn (partially
or conpletely) and trimed prior to conplete re-insertion. Such
adjustability is not normally avail able when dealing with gel-based rings
or with surgical techniques based on radial keratotony. The
rnserts may be useful in the treatnment of astigmatism nyopia, or the
conbi nation of the two. In each case, “38gnents of differing arc length are
preferred. For the treatnment of astigmati sm where no

elasticity is considered to be greater in value than
about 3.5 kpsi, preferably 5-12 kpsi, and most preferably
8-10 kpsi. These high modulus of elasticity polymers are
discussed above.

If hydratable polymers are chosen for the
outside layers, the extent to which those outer layers
swell upon hydration is dependent upon the type of
polymer chosen and, when the polymer is hydratable, upon
the amount of cross-—linking found in the outer layers
(702) and (706), and upon the thickness of the layer.
Generally speaking, the more highly linked the hydratable
polymer, the smaller the amount of volume change upon
hydration. Conversely, a polymer having only sufficient
cross—-linking for strength in the service in which this
device is placed, will have a somewhat lower level of
cross-linking. Alternatively, a substantially
nonswellable polymer system may be formed of a hydrogel
physically interpenetrated by another polymer which does
not hydrate, e.g., polyHEMA.

The thickness of the outer layer depends in
large function upon the intended use of the intrastromal
segment. If the outer layer is used to provide a
swellable outer layer which does not add significantly to
the size of the intrastromal segment or is used
functionally as a lubricant layer, the other layer may be
quite thin -- even to the point of a layer of nminimum
coverage, ﬁerhaps as thin as a single molecular layer.

Of course, the inner and outer layers need not
be, respectively, low modulus and high modulus polymers
but may instead be multiple layers of low modulus
polymers including an outer hydrophilic polymer layer and
an inner hydrophobic polymer; a variety of hydrophilic:
polymers; etc.

Additionally, the inventive device shown in
Figures 7A to 7C need not have a inner (704) and outer
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-21- nyopi c correction is needed, segnments of between about 20[err] and
90[err], preferably between about 20[err] and 60[err] may be used. Were
treatment of astigmati smand nyopia is required, segnents of between about
45[err] and 160[err], preferably between about 60[err] and 90[err] nay be
used. For the treatnent of nyopia mherglgg astigmati c enhancenent

(702) layers over the entire intrastromal segment. For
instance, to alleviate astigmatism, an intrastromal
segment having a thicker portion and a substantially
thinner portion may be desired. An intrastromal segment
having an inner core of a high modulus polymer and an
outer covering of a swellable polymer might be chosen.
The surgeon would remove a portion of the intrastromal
segment ’s exterior coating or face prior to introducing
the intrastromal segment into the eye. Further, and as

' will be discussed below in greater detail, hydrophilic
polymers are more easily infused with therapeutic and
diagnostic materials than are the high modulus materials.
In the variation just noted, the insert may then be used
to deliver the infused therapeutic and diagnostic
materials in a greatly delimited of treatment or
diagnostic area.

Figure 8A shows a front view of an wide end
intracorneal insert (800) having ends (802). In this
variation, the insert tapers only in thickness to form a
spade—-shaped end (802). Viewed in cross section in
Figure 8B, the generic shape may be seen. Figure 8C
shows the same shape but nearer to the end of the device.
This set of Figures is to show the concept of a single-
tapered end.

Figure 9A is a front quarter view of a
variation. of the intrastromal segment (900) made of a low
modulus polymer system hydratable outer coating (902).
Figure 9C shows the inner cavity (904). This
intrastromal segment may be inserted into the
intrastromal space created by the dissector as a covering
on a tool similar to the dissector which created the
intracorneal channel. Once in position the insertion
tool is rotated out of the intrastromal segment leaving
the shell within the stroma.
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I's required, segnents of between about 90[err] and 360[err], preferably
bet ween about 90[err] and 270[err] may be used. The terns and
expressi ons whi ch have been used in the description above are used only as
terms of description and not of |imtation. There is no intention of

excl udi ng equi val ents of the features shawn or described. It is recognized
that one having ordinary skill in this art would perceive equival ence to
the inventions clained bel ow, which equival ence would be within the spirit
of the invention as erfjigazecdcabhu®s the inner cavity (904) which

may be filled with a biologic, a drug or other liquid, or
biologically active eye treatment material. These
devices may be tied or pinched or crimped or otherwise
connected at their point of insertion by known
techniques.

The shell (902) may be injected with a settable
soft polymer core, allowed to expand to a desired
thickness, and set. Polymeric gels which do not
polymerize jn situ are preferred. Suitable injectable:
polymers are well known but include polyHEMA hydrogel,
cross-linked collagen, cross-linked hyaluronic acid,
siloxane gels, and organic-siloxane gels such as cross-
linked methyl vinyl siloxane gels.

Figure 10 shows a variation of the invention in
which an assemblage of the inventive intrastromal
segments (950) are formed into a polymeric ring or, at
least, into an assemblage which totals no more than 360°
of corneal circumference when assembled into the
intracorneal space. The two segments (950) depicted in
Figure 10 may be of any of the individual variations
shown in the Figures above and need not be connected in
any way. The segments may be of similar or quite
different configurations depending upon the indication to
be remedied. Additionally, they may be inserted in
separately produced intrastromal channels which may, or
may not, be in communication within the cornea. Such
individual insertion will be d.scussed in more detail
below.

Figure 11 shows a similar assemblage in which
the intracorneal segments (952) are held together using
open holes (954) and a clip (956) which may be a simple
wire or other suitable joining device An assemblage
such as is seen in Figure 11 may be advantageously
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1. An intracorneal insert for introduction into the

cornea of a human eye to provide refractive correction of the eye, said
i nsert conprising an arcuate, physi ol ogical l'y conpatible nont i ssue

segnent having a predeterm ned shape prior to ?Hldu
sai d segnent subtending an arc substantially

SSREET ARS BRen | <" "e®
-18- REPLACED

inserted from a single central opening, as will be
described below.

Figure 12 shows a variation, an assemblage of
segmehts, in which the sections (960) are strung together
on a filament (962). The segments (960) have an open
pathway along their length (see cutaway) which permits
such stringing.

Figures 13A and 13B show a variation of the
inventive intracorneal inserts in which two or more
inserts overlap to form an assemblage. The top view
shown in Figure 13A depicts the assemblage as found in
the eye. The assemblage need not be formed of segments
of the same or similar width or thickness or material of
construction nor need the assemblage be limited to the
semicircle shown in Figure 13A. Although a front-~to-back
assemblage of is depicted in Figure 13B, the junction
between the sections (964 & 966) may be of any other
design which is allows contact between the adjoining
sections and remains relatively immobile after the
placement in the cornea. For instance, the design shown
in Figures 13A and 13B involves the use of a smooth
interface. The intrastromal channel normally exerts
substantial force against the assemblage and will
maintain the segments in the depicted relational position
within the eye. 1In addition, rather than overlapping,
the inserts may be stacked one on top of the other to
form a further assemblage.

Figures 14A-14E schematically portray a method
for the insertion of the segments described above in
which. partial arc segments are introduced into separate
sections of the corneal circumference outside of the
"sight" area of that cornea.

In Figure 14A, the frontal view shows the iris
(800) and the pupil (802). As was described above, the
cornea is clear and is not visible in these drawings.

e e, __v;_;-ﬁf':}\’l
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| ess than 360[err] and being adapted for inplantation wthin a human cornea
for altering the shape of the cornea by substantially a predeterm ned

anount . 2 . The insert of claim1 wherein the segnent subtends
an arc. l-ess than about 320[err]. 3. | THIE Smemr b @Qﬂfﬁain12
wherein the segnent subtends an arc |ess than abjout Zlﬁbgﬁg : '{

-19- AL SHY N

Insertion of the inventive device is a reasonably simple
surgical procedure. An entry slit (804) is made radially
into the cornea. A dissector blade is introduced into
the entry slit (804) and turned in the direction of the
arrow (806) to form a part al intrastromal channel of a
desired length. A second entry slit (808) may then be
made in the cornea and a second intrastromal channel be
made in the direction of the arrow (810).

Figure 14C shows the introduction of the first
inventive segment (812) into the first entry slit (808).
Figure 14C shows the first segment (812) in its final
resting position and the introduction of the second
segment (814) into the second entry slit (808). Finally
Figure 14E shows both first segment (812) and second
segment (814) in their final position within the cornea.
This demonstrates the flex:bility of the procedure in
that either left or right "hand" insertion is approp::.ate
and the intrastromal channel need ont be a complete
circle about the cornea. Further, it should be noted
that tae first segment (812) and the second segment (814)
may be of differing diameters or of diffe: ng arc lengths
depending upon the indication to be resolved.

Figures 15A-15F schematically portray a method
for the insertion of the segments described above in
which partial arc segments are introduced into separate
sections of the corneal circumference outside of the
“sight" area of that cornea through a single entry slit.

Figure 15A shows the making of the initial
entry slit (840) radially into the cornea. A dissector
blade is introduced into the entry slit (840) and turned
in the direction of the arrow (842) to form a partial
intrastromal channel of a desired length. As is shown in
Figure 15B, a second intrastromal channel is made in the
direction of the arrow (844) from the same entry slit
(842).
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4. The insert of claim 3 wherein the segnent subtends an arc of 20 to
90[err]. 5. The insert of claim 2 wherein the segnent
conprises a physiologically conpatible polyner having a | ow nodul us of

el asticity. 6. The insert of cl s in the | ow nodul us
physi ol ogically conpati bl e polyner is selecte ##bﬁﬁtﬁbfﬂsogmmp nsi sting of
pol yhydr oxyet hyl met hyl acryl ate (Pol y- HEM.. polyvi maRpgcep! | done (PVP)

pol yet hyl ene oxi de, polyacrylates, polyacrylic aci i vatives,
their

Figure 15C shows the introduction of the first
segment (846) into the entry slit (842). Figure 15D
shows the first segment (846) in its final resting'
position. Figure 15D shows the introduction of the
second segment (848) into the entry slit (840). Finally
Figure 1SF shows both first segment (846) and second
segment (848) in their final position within the cornea.

Because of the nature of certain of these
inserts, a large measure of adaptability is available in
the process of inserting the devices. For instance, I
have found that when using various inserts (particularly
with ocular lubricants) that the inserts may be "pushed"
nearly 180° around a previously created intrastromal '
channel for insertion and then easily removed, if so
deésired. This observation means that the following
procedure may be used. The eye of a person having myopia
and/or astigmatism may be measured to determine the
proper amount of correction needed. From this
information, the size and placement of one or more
segments may then be chosen. For instance, the selected
sections might be two inserts of 30° arc angle and 100
mils x 100 mils cross section at two opposing meridian.
after insertion in the appropriate channels, the wvision
of the eye might again be measured. If insufficient
correction of an indication is found, the insert may be
withdrawn. and a larger size selected and inserted. If ar
astigmatic aberration is introduced, the insert may be
withdrawn (partially or completely) and trimmed prior to
complete re~insertion. Such adjustability is not
normally available when dealing with gel-based rings or
with surgical techniques based on radial keratotomy.

The inserts may be useful in the treatment of
astigmatism, myopia, or the combination of the two. 1In
each case, segments of differing arc length are
preferred. For the treatment of astigmatism where no

This Sheet Has Been Replaced Trix g the replace™ant sheet
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cdpolyners and interpolyners, silicones, crosslinked dextran, crosslinked
hepari n, and hyal uronic aci d. 7. The insert of claim6

wherein the | ow nodul us physiologically conpatible polyner is selected from
pol yhydr oxyet hyl met hyl acryl ate (Poly- HEMA) and pol yvi nyl pyrrolidone (PVP)

-2 1-

myop: = correction is needed, segments of between about
20° and 90°, preferably between about 20° and 60° may be
used. Where treatment of astigmatism and myopia is
required, segments of between about 45° and 160°,
preferably between about 60° and 90° may be used. For
the treatment of myopia where no astigmatic enhancement
is required, segments of between about 90° and 360°,
preferably between about 90° and 270° may be used.

The terms and expressions which have been used
in the description above are used only as terms of
description and not of limitation. There is no intention
of excluding equivalents of the features shown or
described. It is recognized that one having ordinary
skill in this art would perceive equivalence to the
inventions claimed below, which equivalence would be
within the spirit of the invention as expressed above.



8. The insert of claim5 wherein the | ow nodul us phys*ol
conpati bl e polyner is selected from hydratabl e pol yners ?

QI M|g, gplaced
9 . The insert of claim 6 wherein the | ow nodul us, ph H ﬁ mﬁq‘ﬁ*ﬁ,

conpati bl e pol ynmer conprises an el ast oner.
THIS SHEET HAS BEEN
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1. An insert suitable for introduction into
the corneal stroma comprising a pre-shaped,
physiologically compatible, polymeric segment adapted for
introduction into an intrastromal intracorneal channel

and having an arc angle less than 360° when inserted into
the intrastromal channel.

2. The insert of claim 1 where the segment
comprises an arc angle of less than about 320°.

3. The insert of claim 2 where the segment
comprises an arc angle of less than about 270°.

4. The insert of claim 3 where the segment
comprises an arc angle of 20 to 90°.

5. The insert of claim 2 where the segment

comprises a low modulus physiologically compatible
polymer.

6. The insert of claim 5 where the low
modulus physiologically compatible polymer is selected
from polyhydroxyethylmethacrylate (Poly-HEMA),
polyvinylpyrrolidone (PVP), polyethylene oxide, or
polyacrylates, polyacrylic acid and its derivatives,
their copolymers and interpolymers, silicones,

crosslinked dextran, crosslinked heparin, or hyaluronic
acid.

7. The insert of claim 5 where the low
modulus physiologically cqmﬁatible polymer is selected
from hydratable polymers which swell upon hydration,

This is the replacement sheet
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10. The insert of claim2 wherein the segnent conprises a polyner having
a high ”UdU|U5TB§$%H&&§B&hR laced 11.  The insert of claim10

wherein the pol |gh nodul us of el Lty s-one—of nore
nenbers sel ect ez\wml“w p consisting of F’!\/ﬁ)ﬁS chET‘ HAS BEEN

pol ytetraf!l uoroe pol ysul f ones,-~zl ycar bpnat e,REgb/cb&EDes, a |pol yolefin
sel ected from pol yet hyl ene, polypropylene pol ybutyl ene, and thérr m xtures

and interpol yners. The insert of claim1l wherein the
pol ymer havihygirathicdle polymer systems which do not swell upon

hydration, and elastomers.

8. The insert of claim 2 where the segment
comprises comprises a polymer having a high modulus of
elasticity.

9. The insert of claim 8 in which the polymer
having a h! ‘h modulus of elasticity comprises a polymer
selected from PMMA, TEFLON, polysulfones, polycarbonate,
epoxies, a polyolefin selected from polyethylene,
polypropylene, polybutylene, mixtures, or interpolymers.

10. The insert of claim 1 having a hollow
inner fillable portion.

11. The insert of claim 10 where the hollow
inner portion is fillable with a liquid.

12. The insert of claim 10 where the hollow
inner portion is at least partially filled with a gel or
a settable polymer, a drug or a biologic agent.

'13. The insert of claim 12 where the gel or
settable polymer is selected from polyHEMA hydrogel,
cross-linked collagen, cross-linked hyaluronic acid,
siloxane gels, polyvinyl pyrrolidone, and organic-
siloxane gels.

14. The insert of claim 5 additionally
comprising a drug or bioclogic agent.

15. The insert of claims 12 or 14 where the
drug is selected from dexamethasone, heparin,
corticosteroids, antimitotics, antifibrotics,

l IIIIIII "ll" III" "III " IIII e ﬁs}r}lacement e
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Paic: = .



nodul us of elasticity conprises PMVA. 13 The insert of claim
1 wherein the segrre S ls’?as‘éée\(,IRTeMacfe@r nmed t herein. 14. The
i nsert of claim13 f fmm“ m“ “ ng a gel or a settable poI ymer di sposed

in said cavity.
Y THIS SHEET HAS BEEN
REPLACED
antiinflammatory, anti-scar-forming, anti-adhesion,
antithrombogenic, and antiangiogenesis factors.

16. The insert of claim 1 additionally
comprising an ocular lubricant.

17. The insert of claim 16 where the ocular
lubricant is selected from hyaluronic acid,
methylethylcellulose, dextran solutions, glycerine
solutions, polysaccharides, or oligosaccharides.

18. The insert of claim 1 having a hollow
inner axis.

19. The insert of claim 18 where the hollow
inner axis is threadable with a filament.

20. The insert of claim 1 having ends which
are joinable to another insert. '

21. The insert of claim 20 where the ends may
be overlapped or abutted to form an assemblage.

22. The insert of claim 21 where the ends may
be overlapped to form an assemblage having a constant or
varying thickness.

23. The insert of claim 1 comprising at least
two polymeric layers.

24. The insert of claim 23 where at least one

polymeric layer comprises a low modulus physiologically
compatible polymer.

KL
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15. The insert of claim14 wherein the gel or settable polyner is
sel ected fromthe group consisting of polyll EMA hydrogel, cross-Ilinked
col l agen, cross-linked hylaluronic acid, siloxane gels, polyvinyl
pyrrolidone, and organic-siloxane gels.

- 24 - -25-

'25. The insert of claim 23 where at least one
polymeric layer comprises a high modulus physiologically
compatible polymer.
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16. The insert of claim15 wherein the gel or settable polyner is
pol yvinyl pyrrolidone. 17. The insert of claim5 further
conprising a drug or biologic agent. 18. The insert of claim1l

7wherein the drug or biologic agent is selected fromthe group consisting
of dexanmet hasone, heparin, corticosteriods,

- 26 -

ABSTRACT
SEGMENTED PREFORMED INTRASTROMAL CORNEAL INSERT

Thie invention is a preformed intra-stromal corneal insert
(812,814). It is made of a physiologically compatible polymer
and may be used to adjust corneal curvature and thereby correct
vision abnormalities. The insert of segment (812, 814) may also
be used to deliver therapeutic or diagnostic agents to the
interior of the cornea, or of the eye.

The insert (812,814)

subtends onto a portion of a ring or "“arc", encircling the

anterior cornea outside of the cornea’'s field of view. The

invention also includes a procedure for inserting the device into
the cornea.

Figure 14D

THIS SHEET HAS BEEN
REPLACED

Thls Sheet Has Been Replaced

LT

This is the replacement sheet

Date:



antimtotics, antifibrotics, antiinflamuatory, anti-scarform ng,
anti - adhesi on, antithronbogenic, and anti angi ogencsis factors.

19. The insert of claim 18 where the drug or biologic agent conprises an
antiinflamuatory or antithronbogenic. 20. The insert of claim
13 further conprising a drug or biologic agent disposed in said cavity.

1/6
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21. The insert of claim20 wherein the drug or biologic agent is selected
fromthe group consisting of dcxanethasone, heparin, corticosteroids,
antimtotics, antitibrotics, antiintlanmtories, anti-scar-form ng,
anti-adhesion, antithronbogenic, and antiangi ogenesis factors.

22. The insert of claim2l V\,herel n the drug or bi ol ogi c agent conpri ses
an antiinflammtory or antithronbogenic.
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| ubri cant.

23. The insert of claim1 further conprising an ocul ar
24. The insert of claim | further including a

coupl i ng menber coupled to said segnent for coupling the insert to another

one of sai

d segnents.
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25. The insert of claim | in conbination wi th another one of said

segnents, said segnents being coupled to one another to form an assenbly.
2 6. The insert of claim | wherein said segnent conprises at |east two
pol yneric |ayers. 27. . The insert of claim26 wherein at |east

one of said polyneric |ayers conprises a physiologically conpatible polyner
havi ng a | ow nodul us of

4/6
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elasticity. 28. The insert of claim21 wherein at |east one of
said polyneric layers conprises a physiologically conpatible polynmer having
a high nodul us of elasticity. 29. An intracorneal insert for

i ntroduction into the cornea of a human eye, said insert conprising an
arcuat e, physiologically conpatible nontissue segnent having a
predeterm ned shape prior to inplantation in the cornea, said segnent
subtendi ng an arc substantially |ess #/ban 360 and bei ng adapted for

i mplantation within a human cornea to alter the topography of the cornea in
a manner that effects correction of a predeterm ned refractive di sorder of
t he eye.

”» -
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30. The insert of claim28 wherein the segnent subtends an arc | ess than

about 320[err].
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- 26 - 31. The insert of claim30 wherein

nds an
arc less than about 270[err]. 32. The i{nSEPkA umﬁ@ﬂéﬁﬁﬁgl wher ei n
t he segnment subtends an arc of 20 to 90[err]. 33. The iingert of

cl aim 30 wherein the segnent conprises a physi ol og
having a | ow nodulus of elasticity. -2a

dalhg SEPMEY blie| pol yner

focus due to the fact that the cornea refracts light in a
different meridian at different distances. Some degree
of astigmatism is normal, but where it is pronounced, the
astigmatism must be corrected.

Hyperopia, myopia, and astigmatism are usually
corrected by glasses or contact lenses. Surgical methods
for the correction of such disorders are known. Such
methods include radial keratotomy (see, e.g., U.S.
Patents Nos. 4,815,463 and 4,688,570) and laser corneal
ablation (see, e.g., U.S. Patent No..4,941,093).

Another method for correcting those disorders
is through the implantation of polymeric rings
{intrastromal corneal rings or .n the eye's
corneal stroma to change the curvature of the cornea.
Previocus work involving the implantation of
polymethylmethacrylate (PMMA) rings, allograft corneal
tissue, and hydrogels is well documented. One of the
ring devices involves a split ring design which is
inserted into a channel previously dissected in the
stromal layer of the cornea. A minimally invasive
incision is used both for producing the channel and for
inserting the implant. Seg, for instance, the use of
PMMA intrastromal rings in U.S. Patents Nos. 4,452,235 to
Reynolds; 4,671,276 to Reynolds; 4,766,895 to Reynolds;
and 4,961,744 to Kilmer et al. These documents suggest
only the use of intrastromal corneal rings which completely
encircle the cornea.

The use of soft polymers as intrastromal inserts
is not widely known. For instance, U.S. Patent No.
5,090,955 to Simon, suggests an intrastromal corneal ring which is:
made by introducing a settable polymer or gel into a previously
made intrastromal channel. This procedure does.not allow
the surgeon to specify the precise size of the resulting
ring nor is it a process which allows precise control of
the pathway of the flowing polymer within the eye since

Heeay 2 V64
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34. The insert of claim33 wherein the | ow nodul us physi
conpati ble polyner is selected fromthe group consisting o 02 SEP 1999
pol yhydr oxyet hyl net hyl acryl ate (Pol y- HEMA), pol yvinyl pyrralijdone (PVP),
pol yet hyl ene oxi de, polyacryl ates, polyagrylic acid and itfs ' '
their copolyners and interpolyners, silicones, crosslinked_dextram
crosslinked heparin, and hyal uroni c acid. 3 5. The 1 nSert—of
cl ai m 34 whetbengehembhew sbdplyscphfsiml bgi theél ghapepafi the pol ynmer is

sel ected froghpehybydnaxyehlnha®t N'YE8GE¥LAL it does show the concept
of using arcuate channels containing a gel-based insert
cente =2d about the corneal to correct.

Temirov et al, "Refractive circular tunnel
Xeroplasty in the correction of high myopia", Vestnik
Oftalmologii 1991: 3-21-31, suggests the use of collagen
thread as intrastromal corneal ring material.

These publications do not suggest the
introduction of pre-formed polymeric arcuate inserts into
the cornea for the correction of various visual
aberrations. Certainly the publications do not imply
that the devices may be used to introduce therapeutic or
diagnostic materials into the corneal intrastromal space.

Summary of the Invention

This invention is a pre-formed polymeric insert
suitable for insertion between the lamella of the corneal
stroma. The insert is an arc-shaped segment of a ring
and may be used in isolation, in isolated multiples, in
cooperative multiples, as segments in a larger assemblage
encircling at least a portion of the cornea, or as
assemblages to form constructs of varying thickness. The
insert may be of one or more synthetic or natural
polymers, hydrophilic or hydrophobic, or may be a hybrid
device comprising layered materials or it may be hollow.

The - insert may be adapted to be fillable with a
biologic agent, drug or other liquid, emulsified, or
time~-release eye treatment or diagnostic material.

When the insert is a hybrid, both the inner and
outer portions may comprise variously one or more high or
low modulus, physiologically compatible polymers or a
composite of a low modulus polymer and a high modulus
polymer. The inner portion may comprise a gel or a



(Pol y- HEMA) and pol yvi nyl pyrrol i done (PVP). 36.] REPLACEMFAE, SHERT
claim 33 wherein the | ow nodul us physiol ogically conpatill § pol'yner is ™1
sel ected from hydratabl e pol yners and el ast oners. 332 SEF

H
insert of claim 36 wherein the | ow nodylus, physiol ogicaljly conpatlb?pg

pol ymer conprises an el astoner.
polymeric material which is polywmerized in situ after

introduction into a hollow center layer.

These inventive segmented inserts may be
introduced into the corneal stroma using techniques
lnvolvxng the steps of providing an intrastromal channel
which traverses at least a portion of the circumcorneal

rotation. Specific 1nd1cat10ns, such as astigmatism, may

be rectified by insertion of one or more of the inserts
into a partial intrastromal channel to flatten the
steeper portions of the anterior corneal surface without

insertion of a complete intrastromal corneal ring (or
intracorneal ring).

If hydratable polymers are used, they may be
hydrated before or after introduction into the
intrastromal passageway created by the surgical device
used to introduce these devices into the eye. If the
cuter layer is hydrated before insertion into the eye,
the final size of the insert is set before that
insertion. If the hydratable polymers are allowed to
hydrate within the corneal space, the device (if
appropriate polymers are chosen) will swell within the
eye to its final size. 1If prehydrated, the outer layer
often provides a measure of lubricity to the device,

. allowing it to be inserted with greater ease. Other of

the noted low modulus polymers may alsoc provide such
lubricity.

Brief Description of the Drawings

Figure 1 is a schematic illustration of a
horizontal section of the eye.

Figure 2 is a schematic illustration of the
anterior portion of the eye showing the various layers of
the cornea.

Figures 3A and 3B show respectively a front
view and a cross section of a typical intracorneal insert
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The insert of claim30 wherein the segment conpriis@EPIANGOIFHIEIHHTRV i
a high nodulus of elasticity. pre e s

' 02 SEP 1999 1
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between 0° and 90°¢, preferably between 20° and 45-°,
Generally, the value of "f8" will be about 11° to 38°.

Further, the typical width is often between 1.27mm
(0.005 inches) and 63.5mm{0.250 inches). The typical thickness is
often between 1.27(0.005 inches) and2.03mm (0.008 inches). Both of
these parameters (along with certain other variables such
as the cross-sectional shape of the device and its
constituent polymers) determine, in large part, the level
of correction achievable by use of a selected insert.

The materials used in these inserts may be
relatively stiff (high modulus of elasticity)
physiologically acceptable polymers such as polymethyl-
methacryléte (PMMA) , TEFLON, polycarbonate, polysulfones,
epoxies, or polyolefins such as polyethylene,
polypropylene, polybutylene, and their mixtures and
interpolymers. By "“high modulus of elasticity", I mean
moduli greater than about 24.1 Mpa (3.5 kpsi). Many of these
polymers are known in the art to be appropriately used in
hard contact lenses. Obviously, any polymer which is
physiologically suitable for introduction into the body
is useful in the inserts of this invention. Many of the
listed polymers are known to be suitable as hard contact
lenses. For instance, PMMA has a long history in
ophthalmological usage and consequently is quite
desirfable for use in these inserts.

_Additionally, the polymeric material making up
the segment may be low modulus polymers, e.g., those
having a modulus of elasticity below about 24.1 Mpa (3.5
kpsi), more preferably between 6.8% kPa (lpsi) and 6.89 Mpa
{1kpsi), most preferably between 6.89 kPa (lpsi) and 6.89% Mpa
{1 kpsi), and most preferably between 6.89 kPa (lpsi)
and 3.45 MPa (500 psi) which are physiclogically
compatible with the eye. Most polymeric materials used
in soft contact lenses are suitable the segments of this
invention. The class includes physiologically compatible
elastomers and such crosslinked polymeric gels as
polyhydroxyethylmethacrylate (Poly-HEMA) or

ng



39.

The insert of claim 38 wherein the pol yner having é.ﬁﬁR;HFHEHUIQEEEW

elasticity is one or nore nenbers selected fromthe group S|st|ng of-
PMVA, pol ytetrafluroethyl ene, polysul fones, polycarbonatg @ﬂ$ 1992
ene, e|r

pol yol efin sel ected from pol yet hyl ene, pol ypropyl ene, poly

m xtures and interpolyners. 43~ The insert of bLa|n139

the pol yner

havi ng a hi gh nodul us of elasticity conpriseg PMVA

to the invention. Although these drawings show narrow
points on the inventive inserts, such points are not a
critical aspect of the invention. The ends of the
inserts may be tapered in both width and thickness, in
one or the other of those axes, or may be blunt. Other
variations of the ends will be discussed below to the
extent necessary to understand the invention. These
inserts are "“pre-formed" or “pre-shaped". By the use of
these terms, I m:=an that the insert has sufficient
structural integrity to approximate in shape some portion
of the intrastromal channel into which it is to be
placed.

Figure 4A shows a front view of a pre~shaped
intracorneal insert (400) having ends (402). The
intracorneal insert tapers both in width and in thickness
to narrow points (402). Viewed in cross section in
Figure 4B, the generally smooth convex front surface
(404) and planar rear surface (406) may be seen. Figure
4C shows a side view of the segment or insert. Some care
must be taken in using an insert having such narrowly
pointed ends since such inserts are intended to be
introduced into a previously created intrastromal
channel. Points of great sharpness may wander in

.direction from the desired channel.
a

Figure SA shows a front view of an intracorneal
insert (500) having ends (502). Again, the intracorneal
insert tapers both in width ‘and in thickness to narrow
points (502). Viewed in cross section in Figure 4B, the
generally hexagonal shape may be seen. The surfaces most
adjacent the anterior surface of the eye and the side
just opposite are generally the two longer of the sides.
Those generally planar front surface (504) and planar
rear surface (506) may be seen. Our previous experience
with Intracorneal Rings has demonstrated that
the use of such a shape in the cornea is generally less



41. The insert of claim33 further conprising drug or biolegie agent.
42. The insert of claim4l wherein the drug or|bRrep|@@ERERDENEET s} sel ect ed
fromthe group consisting of dexanethasone, hepali g—eettt+costerpigs,
antirnitotics, antifibrotics, antiinflamratory, cmﬂlﬁiggg?@@ ny,
anti -adhesi on, antithronbogenic, and ap%lgngiogeresi ors.

43. The insert of claim42 wherein the drug or {biiol ogi c_agent

traumatic than one of a rectangular cross—saEtion and
vyet, because of the similarity of the shape to that of
the intrastromal formed by the blade producing the
channel, is often considered to be the maximum cross
sectional volume achievable in such configuration.
Figure S5C shows a side view of the segment or insert.

Figure 6A shows a front view of an intracorneal
insert (600) having ends (602). The intracorneal insert
tapers both in width and in thickness to narrow points
(502). Figure 6B shows the generally round cross
section. The cross section may also be oval-shaped with
the major axis of the oval either as the width or the
thickness or neither. Figure 6C shows a side view of the
segment or insert which, because of the symmetry of the
device, is the same as the top view.

Figure 7A shows a front view of a hybrid
intracorneal insert (700) having ends (702). Again, the
intracorneal insert tapers both in width and in thickness
to narrow points (702). Viewed in cross section in
Figure 5B, the- generally hexagonal shape may be seen.
This set of Fiqures is to show the concept of a
multilayered insert made up of polymérs of different
characteristics. In this example of a multi-layered
ingert, the hybrid intrastromal segment has inner (702)
and outer faces (704) of. polymers having low moduli of
elasticity. Low modulus polymers are those having a
modulus of elasticity below about 24.1 Mpa (3.5 kpsi), more
preferably between 6.89 kPa (1psi) and 6.89 MPa (1kpsi),
most preferably between 6.89 kPa (lpsi) and 6.89 MPa (1
kpsi), and most preferably between 6.89 kPa {lpsi) and
3.45 MPa (500 psi).They must be physiologically

compatible with the eye. As was noted above, this class

of polymers includes most polymeric materials used in
soft contact lenses.

The inner portion or core (706) as shown in
Figure 7B may be a physiologically compatible polymer

having a high modulus of elasticity. A high modulus of



The insert of claim45 wherein the ocular Iubrlc conprlses
acid, nethylethyl cellul ose, dextran solfti ons,
pol ysacchari des, or oligosacchari des.

I nsert .of claim?29 further conprising an ocul ar |gqps -pg%
ycL
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conprises an antiinflamuatory or antlthronbogenlc Y- - e
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inserted from a single central opening, as will be

described below.
Figure 12 shows a variation, an assemblage of

seqmehts, in which the sections (960) are strung togethe
on a filament (962) which has a transverse cross-section

less than thatof the segments (960). The segments (960)
have an open pathway or channel along their length (see
cutaway) which permits such stringing.

Figures 13A and 13B show a variation of the

inventive intracorneal inserts in which two or more
inserts overlap to form an assemblage. Alternatively,

Figures 13A and 13B can be described as illustrating an
embodiment comprising an insert including mﬁltiple segments
nested one upon another. The top view shown in Figure 13A
depicts the assemblage as found in the eye. The assemblage
need not be formed of segments of the same or similar width or
thickness or material of construction nor need the assemblage
be limited to the semicircle shown in Figure 13A. Although a
front-to-back assemblage of is depicted in Figure 13B, the
junction between the sections or segments (964 &966) may be
of any other design which allows contact between the adjoining
sections and remains relatively immobile after the
placement in the cornea. For instance, the design shown
.in Figures 13A and 13B involves the use of a smocth
inﬁgrface. The intrastromal channel normally exerts
substantial force against the assemblage and will

r

maintain the segments.in the depicted relational position

within the eye. 1In addition, rather than overlapping,
the inserts may be stacked one on top of the other to
form a further assemblage.

Figures 14A-14E schematically portray a method
for the insertion of the segments described above in
which. partial arc segments are introduced into separate
sections of the corneal circumference outside of the
“gsight" area of that cornea.

In Figqure 14A, the frontal view shows the iris
(800) and the pupil (802). As was described above, the
cornea is clear and is not visible in these drawings.
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4 6. The insert of claim29 further inclRERLAGE" %t"c*oﬁ'ﬁHTnc

menber -associated with said insert for coupllng the insert™t0 another .

of sald

segment s. 02 SEP 1999
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Insertion of the inventive device is a reasonably simple
surgical procedure. An entry slit (804) is made radially
into the cornea. A dissector blade is introduced into
the entry slit (804) and turned in the direction of the
arrow (806) to form a part il intrastromal channel of a
desired 1length. A second entry slit (808) may then be
made in the cornea and a second intrastromal channel be
made in the direction of the arrow (810).

Figure 14C shows the introduction of the first
inventive segment (812) into the first entry slit (808).
Figure 14C shows the first segment (812) in its final
resting position and the introduction of the second
segment (814) intec the second entry slit (808). Finally
Figure 14E shows both first segment (812) and second
segment (814) in their final position within the cornea.
This demonstrates the flex:bility of the procedure in
that either left or right "hand" insertion is approp:.ate
and the intrastromal channel need not be a complete
circle about the cornea. Further, it should be noted
that tae first segment (812) and the second segment (814)
may be of differing diameters or of diffe: ng arc lengths
depending upon the indication to be resolved.

Figures 15A-15F schematically portray a method

"for.the insertion of the segments described above in

which partial arc segments are introduced into separate
sections of the corneal circumference outside of the
“sight" area of that cornea through a single entry slit.

Figure 15A shows the making of the initial
entry slit (840) radially into the cornea. A dissector
blade is introduced into the entry slit (840) and turned
in the direction of the arrow (842) to form a partial
intrastromal channel of a desired length. As is shown in
Figure 15B, a second intrastromal channel is made in the
direction of the arrow (844) from the same entry slit
(842).

ne



47. The insert of claim?29 in conbination with anot
sai d segnents be coupled to one another tqg f
48. The insert of claim1 wherein said segnment incluydgs channel forr

49.  The insert of claim40 furtjhdr ﬂﬂcSERME@Ba‘m
extendi ng through said channel and extejgling from sdi

segnent s,

t her ei n.

segnent .

e r}m; n%ab v.qrrT

Figure 15C shows the introduction of the first
segment (846) into the entry slit (842). Figure 15D
shows the first segment (846) in its final resting
position. Fiqure 15D shows the introduction of the
second segment (848) into the entry slit (840). Finally
Fiqure 1SF shows both first segment (846) and second
segment (848) in their final position within the cornea.

Because of the nature of certain of these
inserts, a large measure of adaptability is available in
the process of inserting the devices. For instance, I
have found that when using various inserts (particularly
with ocular lubricants) that the inserts may be "pushed®
nearly 180° around a previously created intrastromal
channel for insertion and then easily removed, if so
desired. This observation means that the following

procedure may be used. The eye of a person having myopisa

and/or astigmatism may be measured to determine the
proper amount of correction needed. From this
information, the size and placement of one or more
segments may then be chosen. For instance, the selected

red
rrber

sections might be two inserts of 30° arc angle and 25.4mm x

25.4mm (100 mils x 100 mils) cross section at two opposing meridian.
after insertion in the appropriate channels, the vision
of.the eye might again be measured. If insufficient
correction of an indication is found, the insert may be
withdrawn. and a larger size selected and inserted. If ar
astigmatic aberration is introduced, the insert may be
withdrawn (partially or completely) and trimmed prior to
complete re-insertion. Such adjustability is not
normally available when dealing with gel-based rings or
with surgical techniques based on radial keratotomy.

The inserts may be useful in the treatment of
astigmatism, myopia, or the combination of the two. In
each case, segments of differing arc length are
preferred. For the treatment of astigmatism where no



50. The insert of claim25 wherein the shape of —drffers from
that of -the other. 51 The insert of cllpiRBPRECEAer el n" Saild
segnents have sim |l ar thicknesses. 52. Th nsert of claijm 1
wherein said segnent conprises nultiple sections. 02 SEP 1999 {
- 22 -
1.  Aniptracorneal insert for introduction into the cornea of a human

cye to provide refractive correction of the eye. said insert comprising an arcuate,
physiologically compatible nontissue segment having a predetermined shape
prior to implantation in the cornea, said segment subtending an arc substantially
less than 360° and being adapted for implantation within @ human cornea for
altering the shape of the comca by substantially a predetermined amount.

2. Theinsert of claim 1 wherein the segment subtends an arc less
than about 320°.

3. Theinsert of claim 2 wherein the segment subtends an arc less
than about 270°.

4. Theinsert of claim 3 wherein the segment subtends an arc of 20
to 90°,

5.  Theinsert of claim 2 wherein the segment comprises a

physiologically compatible polymer having a low modulus of clasticity.

6.  Theinsert of claim 5 wherein the low modulus physiologically
compatible polymer is selected from the group consisting of
polyhydroxyethylmethylacrylate (Poly-HEMA), polyvinylpymrolidone (PVP),
polyethylene oxide, polyacrylates, polyacrylic acid and its derivatives, their
copolymers and interpolymers, silicones, crosslinked dextran, crosslinked

heparin, and hyaluronic acid.

7. The insert of claim ©: wherein the low modulus physiologically
compatible polymer is selected from polyhydroxyethylmethylacrylate (Poly-
HEMA) and polyvinylpyrrolidone (PVP).

00 1



5 3. The insert of claimb52 wherein said sections are
54. An assenbl age for introduction into the cornea of
assenbl age conprising multiple physiologically conpatib
segnents, each having a predeterm ned shape, each subte
than 360[err] and being adapted for inplangzation within
altering the shape of the cornea by substantially a prc

each segnment bei ng cdupl efhe teerboicidier Sonkerdh Usdod setphEmiysotogieatty———-

nBERIAGEMENT SHEFT
afnuman-eye, said

bR Cadac)

et em ned anount,
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compatible polymer is selected from hydratable polymers and elastomers.

9. Theinsert of claim 6 wherein the low modulus, physiologically

compatible polymer comprises an elastomer.

10.  Theinsert of claim? wherein the segment comprises a polymer

having a high modulus of elasticity.

11.  The insert of claim .1 Owherein the polymer having a high

modulus of elasticity is one or more members selected from the group consisting

of PMMA, polytetrafluoroethylene, polysulfones, polycarbonate, epoxies, a

polyolefin selected from polyethylene, polypropylenc, polybutylene, and their

mixtures and inlerpolymers.

12.  The insert of claim 11 wherein the polymer having a high

modulus of elasticity comprises PMMA.

13  Theinscrt of claim 1 wherein the segment has a cavity formed

therein.

14.  The insert of claim 13further compnsing a gel or a settable

polymer disposed in said cavity.

15.  The insert of claim 14 whercin the gel or settable polymer ts

selected from the group consisting of poly! {TEMA hydrogel

, crass-linked

collagen, cross-linked hylaluronic acid, siloxane gels, polyvinyl pyrrolidone, and

organic-siloxane gels.

TN 0 U O



- 29 - 55. The assenbl age of claim54 wherein sa
arranged to formportions of a ring and have a conbi ned &
than 360[err]. 56 The assenbl age of claim5b
segnents are arranged in a plane.

g

refekMrtessrrr
erein said -
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16.  Theinsert of claim 15wherein the gel or settable polymer is

- 24 -

polyvinyl pyrrolidone.

17. Theiuosertof claim 5 further comprising a drug or biologic

agent.

18.  The insert of claima 17wherein the drug or biologic agent is
selected from the group consisting of dexamethasone, heparin, corticosteriods,
antimitotics, antifibrotics, antiinﬂamﬁmtory, anti-scarforming, anti-adhesion,

antithrombogenic, and antiangiogencsis factors.

19.  The insert of claim 18where the drug or biologic agent comprises

an antiinflammatory or antithrombogenic.

20.  The insert of claim ! 3further comprising a drug or biologic agent

disposed in said cavity.

21.  The insert of claim 2© wherein the drug ot biologic agent is
selected from the group consisting of dcxamethasone, heparin, corticosteroids,
antimitotics, antifibrotics, antiintlammatories, anti-scar-forming, anti-adhesion,
antithrombogenic, and antiangiogencsis factors.

22.  The insert of claim 2! wherein the drug or biologic agent

comprises an antiinflaimmatory or antithrorabogenic.

‘) O RO



57. The assenbl age of claim55 wherein said segnents are spaced from one

anot her .-

58. The assenbl age of claim54 wherein at | east one

segnent includes overl appi ng secti ons. 59. The insert of claim
1 wherein said segment conprises synthetic, polyneric mateni gEpLACEMENT SHEET

- - P s S
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23.  Theinsert of claim 1 further comprising an ocular

lubricant.

24, Theinsert of claim | further including a coupling member

coupled to said segment for coupling the insert to another one of said segments.

25.  Theinsert of claim | in combination with another one of said

segments, said segments being coupled to one another to form an assembly.

26,  Theinsert of claim | wherein said segment comprises at least

two polymeric layers.

27 The insert of claim 2& wherein at least one of said polymeric

layers comprises a physiologically compatible polymer having a low modulus of

elasticity.
28.  The insert of claimy 27T wherein at least one of said polymeric
layers comprises a physiologically compatible polymer having a high modulus
" qQf elasticity.
29.  Anintracorneal insert for introduction into the cornea of a human eye,

said insert comprising an arcuate, physiologically compatible nontissue segment having
a predetermined shape prior to implantation in the comea, said scgiment subtending an
arc substantially less than 360° and being adapted for implantation within a human
cornea to alter the topography of the cornea in a manner that effects correction of a

predetennined refractive disorder of the eye.

30 The insert of claim 2%wherein the segment subtends an arc less
than about 320°.

* C L M S *



60. The insert of claim?29 wherein said segnent conprises synthetic,

polynmeric material .
segnent is adapted for
shape of the cornea by

61. The insert of claim 1 wherein said
i nplantation within a human cornea for altering the
substantially a predeterm ned anmount when

posi tioned conpletely bel ow the anterior Zurface of the cornea.

31, The ingert of claim 30 wherein the segment subtends an arc less
than about 270°.

32.  The insert of claim 3! wherein the segment subtends an arc of 20
to 90°.

33. Theinsert of claim 3¢ wherein the segment comprises a

physiologically compatible polymer having a low modulus of elasticity.

34

The insert of claim 33 wherein the low modulus physiologically

compatible polymer is selected from the group consisting of

polyhydroxyethylmethylacrylate (Poly-HEMA), polyvinylpyrrolidone (PVP),

polyethylene oxide, polyacrylates, polyacrylic acid and its derivatives, their

copolymers and interpolymers, silicones, crosslinked dextram, crosslinked

heparin, and hyaluronic acid.

35.

The 1asert of claim 34- wherein the low modulus physiologically

. compatible polymer is selected from polyhydroxyethylmethylacrylate
(Poly-HEMA) and polyvinylpyrrolidone (PVP).

36,

The insert of claim'33-wherein the low modulus physiologically

compatible polymer is selected from hydratable polymers and elastomers.

37.

The insert of claim 3 6 wherein the low modulus, physiologically

compatible polymer comprises an clastomer.

38.  The insert of claim 3 O wherein the segment comprises a polymer
having a high modulus of elasticity. REPLACEME:Y “irET
02 SEP 1999
|0 O A




62. The insert of claim®61l wherein said segnment conprises a synthetic,
polymeric material .

- 27 -

39.  The insert of claim 38 wherein the polymer having a high
modulus of clasticity is onc or more members selected from the group consisting
of PMMA, polytetraflurocthylene, polysulfones, polycarbonate, epoxies, a
polyolcfin selected from polyethylene, polypropylene, polybutylene, their

mixtures and interpolymers.

40-  The insert of claim 39 wherein the polymer having a hugh

modulus of elasticity comprises PMMA.

41.  The insert of claim 33 further comprising a drug or biologic

agent.

42,  The insert of claim 41 wherein the drug or biologic agent is
selected from the group consisting of dexamethasone, heparin, corticosteroids,
- antimitotics, antifibrotics, antiinflammatory, anti-scar-forming, anti-adhesion,
antithrombogenic, and antiangiogenesis factors.

~

'43.  The insert of claim 42 wherein the drug or biologic agent

comprises an antiinflammatory or antithrombogenic.

44,  The insert of claim 29 further comprising an ocular
lubricant,
45, The insert of claim 4% wherein the ocular lubricant comprises

hyaluronic acid, methylethylcellulose, dextran solutions, glycerine solutions,

polysaccharides, or oligosaccharides.
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- 30 - 63. The insert of claim29 wherein said segnment is
adapted for inplantation within a human cornea for altering the topography
of the cornea in a manner that effects correction of a predeterm ned
refractive disorder of the eye when positioned conpletely bel ow the
anterior surface of the cornea. - 28 -4, The insert of claim 1
wherein said segnent is constructed to subpstantially retain said

predet er mi ned shide ovée aseiel elpiedd fubeniichiding? Gopplingamembsiea.

associated with said insert for coupling the insert to another one of said

segments.

47. The insert of claim 29 in combination with another one of said

segiments, said segments be coupled to one another 1o form an assembly.

48.  Theinsert of claim | wherein said segment includes a channe! formed

therein.,

49.  The insert of claim 48 further including a member extending through said
channel! and extending from said segment.

- 50, The insert of claim 25 wherein the shape of one segment differs from that

of the other.

51  The insert of claim 25 wherein said segments have similar thicknesses.

52.  The insert of claim !, wherein said segment comprises multiple sections.
53,  The insert of claim 52 wherein said sections are nested.
54, An assemblage for introduction into the corea of a human eye, said

assemblage comprising multiple physiologically compatible, arcuate segments, each
having a predetermined shape, cach subtending an arc less than 360° and being adapted

for implantation within a human coruca for altering the shape of the comea by

substantially a predetermined amount, cach segment being coupled fo-anotheroneob——
said segments. REPLACEMENT SHeET
02 SEP 1999
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65 The insert of claim?29 wherein said segnent is constructed to
substantially retain said predeterm ned shape over tine after inplantation

in the cornea. 66. The insert of claimb54 wherein said segnent
Is constructed to substantially retain said predeterm ned shape over tine
after inplantation in the cornea. 29 67. The insert of claim29

wherein said segnent includes a channel formed therein.
55.  The assemblage of claim 54 wherein said segments are arranged to form

portions of a ring and have a combined arc length less than 360°.

56.  The assemblage of claim 58 wherein said segments are arranged in a

plane.

57.  The assemblage of claim 5% wherein said segments are spaced from one
another.

58.  The assemblage of claim 54-wherein at least one segment includes
overlapping sections.

59.  The insert of claim | wherein said segment comprises  synthetic,

polymeric material.

60.  The insert of claim 29 wherein said segment comprises - synthetic,

polymeric material.

s

61. Theinsertofclaim | wherein said segment is adapted

for implantation within a human cornea for altering the shape of the comea by

substantially a predetermined amount when positioned completely below the anterior

surface of the comea.

62.  The insert of claim & ! wherein said segment comprises a synthetic,

polymeric material.

REPLACEMENT SHEET
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68. The insert of claim67 further including a nenber extending through

the channel and fromthe segnent. 69. The insert of claim?29

wherein said segnment conprises nultiple sections. 70. The insert

of claim69 wherein said sections are nested. 71. The insert of

claim 47 wherein the shape of one segnent differs fromthat of the other.
- 30 -~

63.  The insert of claim 29 wherein said segment is adapted .
for implantation within a human cornea for altering the topography of the cornea in a
manner that effects correction of a predetermined refractive disorder of the eye when

positioned completely below the anterior surface of the comea.

64.  Theinsert of claim } wherein said segment is constructed to

substantially retain said predetermined shape over time after implantation in the cornea.

65.  The insert of claim 29 wherein said segment is constructed to

substantially retain said predetermined shape over time after implantation in the cornea.

66, The insert of claim 54 wherein said segment is constructed 1o

substantially retain said predetermined shape over time after implantation in the comnea.

67. Theinsert of claim 29 wherein said segment includes a channel
formed therein.

68. The insert of claim &7 further including a member extending
through the channel and from the segment.

69. The insert of claim 24 wherein said segment comprises multiple
sections.

70, The insert of claim 63 wherein said sections are nested.

71. The insert of claim #T-wherein the shape of one segment differs
from that of the other.

72. The insert of claim 41 wherein said segments have similar
thicknesses.

REP.’._I_XEE!‘-JIEN T
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72. The insert of claim47 wherein said segnents have sim |l ar thicknesses.

31

SEGMENTED PRE-FORMED INTRASTROMAL CORNEAL INSERT

ABSTRACT

This invention is a pre-formed intrastromal corneal insert. It is made of a physiologically
compatible polymer and may be used to adjust corneal curvature and thereby correct
vision abnormalities. The insert or segment may aiso be used to deliver therapeutic or
diagnostic agents to the interior of the cornea or of the eye. The insert subtends only a
portion of a ring, or “arc”, encircling the anterior cornea outside of the cornea'’s field of
view. The invention also includes a procedure for inserting the device into the cornea.
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