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Field of the Invention
This invention is an intrastromal corneal ring

10 ("ICR") which is not dimensionally uniform about the

ring. It has at least one area, or, more typically, two

or more raised areas (or areas of additional bulk) spaced

apart from each other on the ring. This ring design,

when introduced into the stroma and properly adjusted for
15 position there, permits at least partial correction of

astigmatism in the eye.

B 'y Ve
Anomalies in the overall shape of the eye can
20 cause visual disorders. Hyperopia ("farsightedness")
occurs when the front-to-back distance in the eyeball is
A too small. In such a case, parallel fays originating
greater than 20 feet from the eye focus behind the
retina. In contrast, when the front-to-back distance of
25 eyeball is too large, myopia {("nearsightedness”®) occurs
and the focus of ﬁarallel 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 focus to a region
30 due to the fact that the cornea is aspherical and
refracts light in a different meridian at different
, distances. Some degree of astigmatism in an eye is
jnormal, but where the astigmatism is too pronounced, it

must often be corrected.
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20- cause visual disorders. Hyperopia ("farsightedness") occurs when the
front-to-back distance in the eyeball is too small. In such a case, '
paral |l el rays originating greater than 20 feet fromthe eye focus behind
the reti WQ94/952320ntrast, when the front-to-back di stance BETAES93/@83d%,] |
_is too large, nyopia ("nearsightedness") occurs and the focus of parallel
rays entering the eye occurs in front of the retina. Astigmatismis a
condi tion which occurs when the parallel rays of |ight do not focus to a
single point wwthin the eye, but rather focus_to a region 30 due to the
fact that the cornea is aspherical and refracgs light in a different
meridi an at different ' -

Hyperopia, myopia, and astigmatism are usually
corrected by glasses or contact lenses. Surgical methods
for the correction of such disorders are known. These
methods include radial keratotomy (see, e.g., U.S.

5 Patents Nos. 4,815,463 and 4,688,570) and laser corneal
ablation (see, e.g., U.S. Patent No. 4,941,083).

Another method for correcting those disorders
'is through the implantation of ﬁolymeric rings in the
eye’s corneal stroma to change the curvature of the

10 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

15 of the cornea. The device uses a minimally invasive
incision through which the channel for the implant is
created and, finally, through which the implant is
inserted.

U.S. Patent No. 4,452,235, to Reynolds,

20 describes a method and apparatus for cormeal curvature
adjusément. The method involves inserting one end of a
split end adjusting ring into the cornea of the eye and
moving the ring in a circular path until its ends meet.
The ends are thereafter adjusted relative to each other

25 until the shape of the eye has assumed a desired
curvature whereupon the ends are fixedly attached to
maintain the desired curvature of the cornea.

Additionally, U.S. Patent Application
07/820,422, by Davenport et al., entitled "Method for

30 Corneal Curvature Variation" suggests the use of ICRs for

the correction of astigmatism. That disclosure does not

suggest the use of ICRs having the inventive shape to

]

/alleviate astigmatism in the eye.
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di stances. Sone degree of astigmatismin an eye is normal, but where the
astigmtismis too pronounced, it nust often be corrected. 35 - 2-
Hyper opi a, nyopia, and astigmatismare usually corrected by gl asses or
contact |WOMHM52RUr gi cal nethods for the correction of suchP@rAISBIGAI834%r e
known. These net hods include radial keratotony (see, e.g., U.S.

-3-

None of the prior art disclosures suggest the
use of an ICR having a non-uniform shape about their

periphery.

5 Summary of the Invention _

This invention is to a device, an astigmatic
correcting intracorneal ring ("ACICR"), which is inserted
into the interlamellar region of the eye’s stroma. For
the purpose of alleviating astigmatism, the device is an

10 improvement over previously existing ICRs. Unlike other
ICRs which have a constant cross sectidn when viewed
through various cross-sections of the ring, the inventive
ACICR typically has at least one region in which the
cross section is thicker or the bulk of that region is

15 more pronounced. Often the rings will have two or more
regions at which the bulk is increased. By proper
alignment of the larger regions of the ACICR with the
eye’s anomalies, the astigmatism may be alleviated.

The devices for forming the intrastromal

20 pathway into which these ICRs may be placed is well
known.

Brief Description of Drawi

Figure 1 is a schematic representation of a

25 horizontal section of the eye.

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

Figure 3 depicts the inventive ACICR as it

30 resides within the cornea. '

Figure 4 is a side cross-section of the ACICR
within the cornea.

Figure S5 is a frontal view showing the
placement of the ACICR within the eye.

Wa
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5 . Patents Nos. 4,815,463 and 4, 68§L§Zleaﬂd~La$eL corneal ablation (see,
g U. S. Patent hb 4,941, 093). Another ho (Pr correcting those

dlsorders is through the |nplantafﬂvﬁh c& rings in the eye's

corneal swyRo0sB2Cchange the curvat cornea. PPTAVSIBIGRILOI K

i nvol ving the inplantation of pon ate (PVMA) rings,

all ograft corneal tissue and hydrogels |s mell docunented. One of the ring

devices involves a split ring design which is inserted into a channel

previously dissected in the stromal |ayer 15 of the cornea. The device

uses a mnimally invasive incision through whi&h the channel for the

i nmplant is

Figure 6 is a frontal view of the ACICR having
symmetrical areas of added bulk or cross-section. '

Figure 7 is a frontal view of an ACICR having
non-symmetric areas of added bulk or cross-section.

5 Figure 8 depicts a feature of the invention
which allows the ACICR to be manipulated into proper
position for astigmatism correction.

Figures 9A and 9B show a variation of the
inventive ACICR using a composite ring in which a portion

10 of the ring uses a swellable polymer.

Figure 10 shows an ACICR in which the thickness
of the ring is varied. _

Figure 11 shows an ACICR in which the ring is a
composite of a stiff polymer and a swellable polymer.

15

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

20 relationship of the device to the eye.

Figure 1 shows a horizontal section of the eye
with the globe (10) of the eye resembiing a sphere with
an anterior bulged spherical portion representing the
cornea (11). . |

25 The globe {10) 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 (12). The outermost covering
is a fibrous protective portion the posterior five-sixths

30 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
jouter layer is the transparent cornea (11).

A middle covering is mainly vascular and

35 nutritive in function and is comprised of the choroid,



created and, finally, through which the inplant is inserted. U S Patent
No. 4,452,235, to Reynolds, 20 descri bes a nethod and apparatus for
corneal curvature adjustment. The nethod involves inserting one end of a
split endvadgioseshg ring into the cornea of the eye and novPOUSY8/08348) i N
a circular path until its Emmmmmﬁamhmﬂh slacends are thereafter adjusted
relative to each other 25

' pe of the eye has assuned a
& lﬂﬂ!ﬂflxedly attached to naintain the
desired curvature of the cornea aIIy, U S. Patent Application

desired curvature whereupon

‘ciliary body (15) and iris (20). The choroid (14)
generally functions to maintain the retina (12). The
ciliary body (15) is involved in suspending the lens (17)
and accommodation of the lens. The iris (16) is the most
5 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
perforated near its center by a circular aperture called
the pupil (20). The size of the'pupil varies to regulate
10 the amount of light which reaches the retina (12). It
contracts alsoc to accommodétion; which serves to sharpen
the focus by diminishing spherical aberration. The iris
divides the space between the cornea (11) and the lens

' (17) into an anterior chamber (21) and posterior chamber.

15 The innermost portion of covering is the retina (12),
which is made up of nerve elements which form the true
receptive portion for visual impressions.

The retina (12) is a part of the brain arising
as an outgrowth from the fore-brain, with the optic nerve

20 (23) serving as a fiber tract connecting the retina part
of the brain 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)

25 into nerve impulses.

The vitreous body (24) is a transparent
gelatinous mass which fills the posterior four-fifths of
the globe (10). At its sides it supports the ciliary
body (15) and the retina (12). A frontal saucer-shaped

30 depression houses the lens.

' The lens (17) of the eye is a transparent bi-

+ convex body of crystalline appearance placed between the
irigs (16) and vitreous body (24). Its axial diameter
varies markedly with accommodation. A ciliary zonule
35 (25), consisting of transparent fibers passing between

wa



07/ 820, 422, by Davenport et al., entitled "Method for 30 Cor neal
Curvature Variation" suggests the use of ICRs for the correction of
astlgnatlsn1 That disclosure does not suggest the use of ICRs having the

i nvent i viwosduagsa3to al l eviate astigmatismin the eye. 35 PCT/US93/@8343 t he

prior art disclosures suggest the use of an I CR having a non- unlforn1shape
about their

-6-

the ciliary body (15) and lens (17) serves to hold the
lens (17) in position and enables the ciliary muscle to
- act on it.
Referring again to the cornea (11), this
5 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
10 the cornea is called the optical 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 at the cornea.
' Referring to Figure 2, a more detailed drawing
15 of the anterior portion of the globe shows the various
layers of the cornea (11) made up of an epithelium (31).
Epithelial cells on the surface thereof function to
maintain transparency of the cornea (11). These
epithelial cells are rich in glycogen, enzymes, and
20 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 (11). '
An anterior limiting lamina (33), referred to
25 as Bowman’s membrane or layer, is positioned between the
epithelium (31) and the stroma (32) of the cornea. The
stroma (32) is comprised of lamella having bands of
fibrils parallel to each other and crossing the whole of
the cornea. While most of the fibrous bands are parallel
30 to the surface, some are oblique, especially anteriorly.
A posterior limiting lamina (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. —_—
35 This Sheet Has Been R
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peri phery. 5 Summary of the Invention This invention is to a device, an
‘astigmatic correcting intracorneal ring ("ACICR'), which is inserted into
the interlamellar region of the eye's stroma. For the purpose of

al I evi at {y\pPedpkigmat i snr—thieTdevice 1S an 10 i nprovement py(isey/e8348uUs! y
‘exi sting IC&S88 3%nl I ke otﬁgrShge%Bng cteve a constant cross section when

vi ewed t hrough various cro the ring, the inventive ACICR
typically has at |east oner ch the cross section is thicker or
the bulk of that region is nounced. O ten the rings will have

two or nore -7-

The endothelium (35) 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 and sclera .on the one hand and the cornea

5 {11) on the other.

As has been explained above, most of the eye’s
refraction takes place at the outer portion of the cornea
{12). The overall concept behind this invention is that
by addition of selected amounts of bulk at the steeper

10 portions of the anterior cornea or by inclusion of a non-
uniform ring in radial tension, the anterior corneal
surface will be forced into a generally spherical surface
thereby correcting the undesired astigmatism.

Figure 3 shows the placement of the non-regular

15 ACICR within the cornea as discussed above. 1In this
instance, the ring (50) has two regions (52) of added
bulk or dimension. The larger regioms in this instance
have a larger relational width (54) than the local width
of the narrower region (56). See also the side view of

20 the comparative widths in Figure 3. The relationship
between the local widths (54) and (56}, the thickness
{58) at wvarious positions of the ACICi, and their
respective corrections, are known and may be determined
from our U.S. Patent Appl. Ser. No. 07/820,472, filed

25 December 10, 1991. _

Figure 5 is a frontal view of the eye having an
ACICR installed. The ring (50) has two regions of added
dimension (52). Those regions of added dimension would
be placed in the regions of the cornea having the

30 steepest slope in an effort to correct the cornea to an
approximate spherical, or at least regular, shape about

. its anterior surface. ' '

. Figure 6 shows a frontal view of an ACICR in

which the regions of added diménsion are generally

35 symmetrical. The regions of added dimension (54) are

a,



regions at which the bulk is increased By proper alignnent of the |arger
regions of the ACCCR with the eye's:- anBﬁETT§§“‘rhe~astignatisn1nay be

al l-evi ated. The devices for forn1nng¢ﬁw¢fﬁmﬂuﬁnh J 20 pathway into

whi ch t hew® 9428232my be placed is vve f -Descri pPOINUSY3/083as
Drawi ngs Figure 1 is a schenmatic rep w&m&ﬂ a 25 hori zont al -
section of-the eye. Figure 2 is a schenatlc entation of the anterior
portion of the eye showi ng the various |ayers of the cornea.

-g-

" shown each to extend over a region of about 90° of the
ACICR. Figure 6 also shows a transition zone (62)
between the area of added bulk 60- and the comparatively
thinner region at (64). The transition zone alléws the

5 ACICR to be inserted into an intrastromal channel with
greater ease. We believe this permits installation of
the ACICR with less trauma. The arc (64) of lesser
dimension is shown in Figure 6. As with the local
diameters (54).and (56) of the ACICR as shown in Figures

10 3 and 4, the percentage of arcs (60) and (64) and their
respective relationship to each other are a function of
the level of astigmatism to be corrected.

Figure 7 shows an ACICR with regions of
enhanced dimension which are not placed symmetrically _

15 about the ring. Again, such a ring would be employed in
an eye which did not have symmetrical astigmatism about a
single axis. Such an ACICR would be employed with the
intent to bring the corneal shape back into general
spherical form.

20 The ring would be installed in the inner
lamellar regions of the corneal stroma by ény of the
methods we have shown in-thé past to be suitable for such
installation. Particularly desired is the process and
its allied apparatus shown in U.S. Serial No. 07/867,745.

25 In general, the ring is installed in the following
manner: a small radial incision is made at the radius in
which the ring is ultimately to be installed about the
cornea. A dissector in the form of a split ring and
having a point suitable for preducing an interlamellar

30 channel or tunnel in the corneal stroma is introduced

through the small incision and rotated in such a fashion

that a generally circular channel is formed completely
about the cornea. The dissector is then rotated in the
opposite direction to withdraw.it from the tunnel thus

35 formed. An ACICR is then introduced into the circular

g



Figure 3 depicts the inventive ACCCR as it 30 resides within the cornea.
Figure 4 is a side cross-section of The ACrCRwitiimmthe cornea. Figure 5
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channel and joined at its ends. ICRs of constant cross-

section typically need_né further adjustment other than,
perhaps, to move the point of juhction away from the
region of corneal incision so to help assure that the
junction is held together by the interlamellar tension of
the cornea. However, with an ACICR, the relationship of
the ring and the astigmatic aberration must be aligned so:
to allow the ACICR to perform its desired correction. 1In
Figure 8, one such method for adjusting the position of
the ACICR in the eye is shown. The radial incision (66)
in cornea (68) which is used to introduce the ICR into
the eye is shown. The ACICR (70) has a number of '
depressions (72) spaced about its upper surface. The
position of the ACICR (70) is changed by engaging a
generally pointed tool (74) into the depressions and
slipping the ring (70) around in one direction or another
until the regions of added dimension are in appropriate
position for correcting the astigmatic aherratioﬁs of the
cornea. Other variations on this will be apparent to
those studying the need to adjust the position of these
rings. _ _
The materials used in these rings are typically
stiff physiclogically acceptable polymers such as
polymethylmethacrylate (PMMA), TEFLON, polycarbonate,
polyolefins such as polyethylene, polypropylene,
polybutylene, and their mixtures and interpolymers, or a
silicone polymer or interpolymer such as are known in the
art to be appropriately used in hard contact lenses.

PMMA has a long history in_ophthalmological usage and
consequently is gquite desirable for use in these ACICRs.
However, another desirable variatiocn is shown in Figures
9A and 9B. In this variation, the added dimension
comprises a polymer which is swellable or expands upon
continued contact with water. “For instance, Figure 92
shows a cross-section of an ACICR having a central



symetrical areas of added bul k or cross-section. Figure 7 is a frontal
vieM/of an AClI CR hawv-rg—hRor=symmetTiT areas of added bul k or cross-section.

Fi gur Repigag ure of the invention which allows the
ACI CR t\98?§ ﬁgpul a WIMT%‘ l‘opOSI tion for astigmatRGHUSIBOEMS on.
an

Fi gures B sho f the inventive ACICR using a conposite
ring in which a porti ring uses a swellable polymer. Figure
10 shows an ACICR in which the thickness of the ring is.varied. Figure 11
shows an ACICR in which the ring is a -10-

portion (76) of a polymer such as PMMA and two regions
(78) bonded to the inner and outer periphery of central
portion (76). Outer portions (78) may be made of a
crosslinked polymeric gel such as polyhydroxyethylmethyl-
5 acrylate (Poly-HEMA) or polyvinylpyrrolidone (PVP). The
extent of crosslinking in these polymers determines the
extent to which the polymers will swell upon being
exposed to water. In general, the higher the extent of
crosslinking, the lower the volume increase upon contact

10 with water. Some materials used in soft contact lenses
will contain up to 99% by volume water. In any event,
Figure 9A shows the bonded outer portions (78) in their
dehydrated condition (if the polymer is not highly
crosslinked) and Figure 9B shows those same ocutlying

15 portions after insertion into the cornea and after they
have been allowed to hydrate and swell. This variation
of the inventive ACICRs allows the device to be inserted
at a much smaller size but allows the ring to swell to
correct much larger aberrations.

20 The ACICR (80) shown in Figure 10 is one in
which the thickness of at least one porticﬂ of the
regions is thicker (82) than another thinner portion (84)
of the ring. As with the other ACICRs depicted in
Figures 3-7, the number of thicker portions of the ring

25 may be one or more depending upon the spherical
aberration to be corrected. The typical ACICR likely
will have two thicker regions about 180° apart on the
ring. The ring may be between about 45° and more than
about 140°. The portions of the arc which are thicker

30 are also to be determined depending upon the astigmatism
of the eye to be repaired.

Fzgure 11 shows another variation of the ACICRs
*in which the rlng is a composite assembly. The central
jportion (88) is of the one or more of the stiff polymers

35 discussed above. The peripheral portions (90) comprise a



conposite of a stiff polynmer and a swellable polyner. 15 Description of the
I nvention Prior to explaining the details of the inventive devices, a short
expl anati on of the physiology of the eye is needed to appreciate the

functi onwio-2005232¢el ati onship of the device to the eye. Fi giRE/US2I08F:I5a
hori zontal section of the eye with the globe (10) of the eye resenbling a
sphere, with an anterior bul ged spherical portion representing the cornea
(11). 25 ' .The gl obe (10) of the eye consists of three

-11-

-swellable'polymer which swells upon contact with

moisture. As with the composite ACICRs above, they may

be introduced into the eye prior to hydration, adjusted

into proper position, and allowed to hydrate and swell
S into final shape.

The terms and expressions which have been used
in the description above are used as terms of description
and not of limitation. There is no intention of
excluding equivalents of the features shown or described.

10 It is recognized that one having ordinary skill in this
art would perceive eguivalents to the inventions claimed
below which equivalents would be within spirit of the
invention as expressed above.

15

This Sheet Has Been Re placed
o T
25
30

o

35



concentric coverings enclosing the various transparent nedia through which
the light nust pass before reaching the light-sensitive retina (12). The
outernpbst covering is a fibrous protective portion the posterior

five-si xW@98052320f which is white and opaque and cal | ed t RETEEPEY/A83983)
and sonetines 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
(11). A middle covering is mainly vascular and 35 nutritive in function

and is.conprised of the choroid,
L A

I CLAIM AS MY INVENTION:

1. A split polymeric ring having a cross-

5 section which ring is suitable for introduction into the
stroma and adapted to substantially encircle the cornea
and in which the cross section of the ring has at least
one area of comparatively larger dimension.

10 2. The ring of claim 1 in which the cross-
section has two areas of comparatively larger dimension.

3. The ring of claim 1 in which the areas of
larger cross section have transition regions to the areas
15 of smaller dimension.

4. The ring of claim 2 in which the regions of
comparatively larger dimensicn are spaced apart at an
angle between 45° and more than about 180°.

20
5. The ring of claim 4 in which the two areas
of comparatively larger dimension are spaced about 180°
apart on the ring.
25 6. The ring of. claim 1 additionally comprising

adjusting means for positiohing the ring in the eye.
7. The ring of claim 1 in which the cross
section has more than two areas of comparatively larger

30 cross-section.

8. The ring of claim 2 in which the two areas

.

about the ring. i Rt
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.ciliary body (15) and iris (20). The choroid (14) generally functions to
maintain the retina (12). The ciliary body (15) is involved in suspending
the lens (17) and accommodati on I ris is the nost 5
ant eri or WOMHIGA3Df the niddle g@%gﬁhg 6 13 BCHRIPIY/ 08345
frontal plane. It is a thin circular disc simlar in functlon to the

di aphragm of a camera, and is perforated near its center by =a circurar

aperture called the pupil (20). The size of the pupil &Hﬂ te 10
t he amount of |ight which reaches the reti na (12) “mmml"amu;

accommodati on, which serves to sharpen

9. The ring of claim 1 so that the ends of the
split ring are joinable.

10. The ring of claim 1 comprising one or more
5 physiologically acceptable polymers.

11. The ring of claim 10 where the polymer
comprises polymethylmethacrylate. .

10 12. The ring of claim 10 addztlonally
comprising a swellable polymer.

13. The ring of claim 12 in which the

swellable polymer is selected from polyhydroxyethyl-
15 methylacrylate and polyvinylpyrrolidone.

20
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t he focus'by di m ni shing spherical aber
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(57) Abstract

This Sheet Has Been Replaced

This invention is an intrastromal corneal ring (“ICR") which is not uniform in dimension. It has, typicaily, two or more
raised areas (54, 60) (or areas of additional bulk) spaced apart from each other on the ring. This ring design, when introduced in-
to the stroma and properly adjusted there, permits at least partial correction of astigmatism in the eye.
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phot-or ecept ors whi ch transform physical energy (light) 25 I nto nerve

i mpul ses. The vitreous body (24) is a transparent gel atinous nmass which
fills the posterior four-fifths of the globe (10). At its sides it supports
t.he ciIiaW638@@§$P15) and the retina (12). A frontal saucer PSHAYS93/88345
depression houses the lens. The lens (17) of the eye is a transparent bi-
convex .body of crystalline appearance,pl aced between the iris (16) and
vitreous body (24). Its axial di anet el /ari es mar kedl y -wi t h accommodat i on.
A ciliary zonule 35 (25), consisting of transparent fibers passing

bet ween :
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Athe ciliary body (15) and lens (17) serves to hold the lens (17) in

posi ti.on .and enabl es This@heet Hgs Besp Replaced e t 0 act on it. Referring again to
the cornea (11), this ﬁwrlmﬂimmous transparent coating resenbles a
wat ch gl 3¥®.9416583Z ur va ; at greater than the reRC/USIBE8350be
and is ideally spherical 1 n nature. However, often it is nore curved in one
neridi.an than another giving rise to _astigmatism A central third of
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210~ the cornea is called the optical zone with a slight flattening taking
"place outwardly thereof as the cornea thickens towards its periphery. .Mst
of "t he ref ' of the eye takes place at the cornea. Referrj to_Figure
2, a nor g‘k"et Zl‘?’?g%l drawi ng 15 of the anterior portion of ?wl&%%’éf’%snoms
the various |layers of the cornea (11) nmade up of an epithelium (31).
Epithelial cells on the surface therg?f function to mai ntain transparency
of the cornea (11). These epithelial e{’I s are rich in glycogen, enzynes,
and 20 acetylcholine and their activity regulates the corneal corpuscles
and controls the tra wat er and
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.electrolytes through the | anellae of the stroma (32) of the cornea (11). An
“anterior limting lamna (33), referred to 25 as Bowman's nenbrane or

| ayer, i I tiqned between the epithelium (31) and the stro 32) of the
cor nea. ?‘h‘gg‘?é’%%ﬁa (32) is conprised of lanella having bana’gggs’?:'flﬁgﬂﬁs
parallel to each other and crossing the whole of the cornea. While nost of
.the fibrous bands are parallel 30 %o t he surface, sone are oblique,
especially anteriorly. A posterior | $4ﬂ ng lamna (34) is referred to as

Descenet's nmenbrane. It is a strong nmenbrane sharply defined fromthe
stroma (32) and resistant to
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paf hol ogi cal processes of the cornea. 35 -7- The endothelium (35) is the
.most posterior layer of the cornea and consists of a single |layer of cells.
"The.linbus (37) is the transition zone bet t onjunctiva and sclera
on the one hand and the cornea 5 (11) on\gs % & een gxpl ai ned
above;—pst-—of.-the eye S_ — o)
i EPLACEMENT SHEET 5G
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Eield of the Invention
This invention is an intrastromal corneal ring
10 ("ICR") which is not dimensionally uniform about the
ring. It has at least one area, or, more typically, two
or more raised areas (or areas of additional bulk) spaced
apart from each other on the ring. This ring design,
when introduced into the stroma and properly adjusted for
'+ 15 position there, permits at least partial correction of
" astigmatism in the eye.

Background of the Invention
Anomalies in the overall shape of the eye can
20 cause visual disorders. Hyperopia (*farsightedness")
occurs when the front-to-back distance in the eyeball is
- tod small. In such a case, parallel rays originating
greater than 20 feet fronm the eye focus behind the
retina. In contrast, when the front-to-back distance of
25 eyeball is too'la;ge,-myopia.('nea:sightednesé') occurs
and the focus of bérallel 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 focus to a region
30 due to the fact that the cornea is aspherical and .
refracts light in a different meridian at different
distances. Some degree of astigmatism in an eye is
normal, but where the astigmatism is too pronounced, it

must often be corrected.
35

REPLACEMINT SHEET
25 JAN 1997




refraction takes place at the outer portion of the cornea (12).
_concept behind this invention is that by addition of selected ambunts of

The over al

bul k at the steeper 10 portions of the anterior cornea or by inclusion of

a non- uniformring in radial tension, the anterior corneal surface wll
forced into a generally spheri cal

astigmatism Figure 3 shows the placenent of the non-regular 15 ACI CR

wi thin the cornea as di scussed above. In this instance, the ring (50) has
two regions (52) of added bul k or dinensiof The larger regions in this

I nstance have a larger relational width (54) than the local wdth

10

15

20

25

30

35

Hypercpia, myopia, and astigmatism are usually
corrected by glasses or contact lenses. Surgical methods
for the correction of such disorders are known. These
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 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. The device uses a mlnimally invasive
incision through which the channel for the implant is
created and, finally, through which the implant is
inserted.

U.S. Patent No. 4,452,235, to Reynolds,
describes a method and apparatus for corneal curvature
adjustment. The method involves inserting ocne end of a
split end adjusting ring into the cornea of the eye and
moving the ring in a circular path until its ends meet.
The ends are thereafter adjusted relative to each other
until the shape of the eye has assumed a desired
curvature whereupon the ends are fixedly attached to
maintain the desired curvature of the cornea.

Additionally; U.S. Patent Application
07/820,422, by Davenport et al., entitled "Method for
Corneal Curvature Variation" suggests the use of ICRs for
the correction of astigmatism. That disclosure dbes not
suggest the use of ICRs having. the inventive shape to
alleviate astigmatism in the eye.

REPLACEMENT SHEST:
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of ‘'the narrower region (56). See also the side view of 20 the conparative
wdths in Figure 3. The relationship between the |ocal widths (54) and
"(56), the thickness (58) at various positions of the ACCCR and their
respective corrections, are known and may be determ ned fromour U S.

Patent Appl. Ser. No. 07/820,472, filed 25 Decenber 10, 1991. Figure 5 is
a frontal view of the eye having an ACCCR installed. The ring (50) has two
regi ons of added di mension (52). Those regjons of added di mensi on woul d be
placed in the regions of the cornea havingthe 30 steepest slope in an
effort to correct the cornea to an

None of the prior art disclosures suggest the
use of an ICR having a non-uniform shape about their
periphery.

5 Summary of the Invention
This invention is to a device, an astigmatic
correcting intracorneal ring ("ACICR"), which is inserted
into the interlamellar region of the eye’s stroma. For
the purpose of alleviating astigmatism, the device is an
10 improvement over previously existing ICRs. Unlike other
ICRs which have a constant cross section when viewed
through various cross-sections of the ring, the inventive
ACICR typically has at least one region in which the
cross section is thicker or the bulk of that region is
15  more pronounced. Often the rings will have two or more
" regions at which the bulk is increased. By proper
alignment of the larger regions of the ACICR with the
eye’'s anomalies, the astigmatism may be alleviated.
The devices for forming the intrastromal

20 pathway into which these ICRs may be placed is well
known.

’ . Figure 1 is a schematic representation of a
25 horizontal section of the eye.
Figure 2 is a schematic representation of the

anterior portion of the eye showing the various layers of
the cornea.

Figure 3 depicts the inventive ACICR as it
30 resides within the cornea.

Figure 4 is a side cross-section of the ACICR
within the cornea.

Figure 5 is a frontal view showing the

placement of the ACICR within the eye.
35
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approxi mate spherical, or at |east regular, shape about its anterior

_surface. Figure
added di nensi on

di rension (54) are

6 shows a frontal view of an ACICR in which the regi ons of

are generally 35 symmetrical. The regions of added

ACICR  Figure 6 also shows a transition zone (62) between the area of

added bul k 60 and the conparatively thinner region at (64). The transition

zone all ows the

10

- 15

-4-

Figure 6 is a frontal view of the ACICR having
symmetrical areas of added bulk or cross-section.

Figure 7 is a frontal view of an ACICR having
non-symmetric areas of added bulk or cross-section.

Figure 8 depicts a feature of the ifivention
which allows the ACICR to be manipulated into proper
position for astigmatism correction.

Figures S9A and 9B show a variation of the
inventive ACICR using a composite ring in which a portion
of the ring uses a swellable polymer.

Figure 10 shows an ACICR in which the thickness
of the ring is varied. _

Figure 11 shows an ACICR in which the ring is a
composite of a stiff polymer and a swellable polymer.

' Pescription of the Inveption

20

25

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

Figure 1 snows a horizontal section of the eye
with the globe (10) of the eye resembling a sphere with
an anterior bulged spherical portion representing the
cornea (11).

The globe (10) of the eye consists of three
concentric coverings enclbeing the various trapsparent
media through which the light must pass before reaching
the light-sensitive retina (12). The outermost covering

.is a fibrous protective portion the posterior five-sixths

30

35

of which is white and opague 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 (11).

A middle covering is mainly wvascular and
nutritive in function and is comprised of the choroid,

REPLACEMENT SHEET
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5 "ACICR to be inserted into an intrastromal channel with greater ease. W
believe this permts installation of the ACCCRwith |less trauma. The arc
"(64) of |lesser dinension is shown in Figure 6. As with the |ocal -di aneters
(54) and (56) of the ACICR as shown in Figures 10 3 and 4, the percentage
of arcs (60) and (64) and their respective relationship to each other are a
function of the level of astigmatismto be corrected. Figure 7 shows an
ACICR with regions of enhanced di nension which are not placed symmetrically

15 about the ring. Again, such a ring Wuld be enployed in an eye which
di d not have synnetrlcal astignatisn1about a

‘ciliary body (15) and iris (20). The choroid (14)
generally functions to maintain the retina (12). The
ciliary body (15) is involved in suspending the lens (17)
and accommodation of the lens. The iris (16) is the most

5 anterior portion of the middle covering of theé 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
perforated near its center by a circular aperture called

_ the pupil (20). The size of the pupil varies to requlate

10 the amount of light which reaches the retina (12). 1t
contracts also to accommodation, which serves to sharpen
the focus by diminishing spherical aberration. The iris
divides the space between the cornea (11) and the lens
(17) into an anterior chamber (21) and posterior chamber.

715 The innermost portion of covering is the retina (12),
" which is made up of nerve elements which form the true
receptive portion for visual impressions.

The retina (12) is a part of the brain arising
as an outgrowth from the fore-brain, with the optic nerve

20 (23) serving as a fiber tract connecting the retina part
of the brain with the fore-brain. A layer of rods and
cohes, lying just beneath a pigmented epithelium on the
anterior wall of the retina serve as visual cells or
photoreceptors which cransform,physical energy (1ight)

25 ‘into nerve impulses.

The vitreous body (24) is a transparent
gelatinous mass which £ills the posterior four-fifths of
the globe (10). At its sides it supports the ciliary
body (15) and the retina (12). A frontal saucer-shaped

30 depression houses the lens. '

' The lens (17) of the eye is a transparent bi-
convex body of crystalline appearance placed between the
iris (16) and vitreous body (24). 1Its axial diameter
varies markedly with accommodation. A ciliary zonule

35 (25), consisting of transparent fibers passing between




single axis. Such an ACICR woul d be enployed with the intent to bring the
_corneal shape back into general spherical form 20 The ring
"woul d be installed in the inner |amellar regions of the corneal strona by
any of the nethods we have shown in the past to be suitable for such
installation. Particularly desired is the process and its allied apparatus
‘shown in U S. Serial No. 07/867,745. 25 In general, the ring is installed
in the following manner: a small radial ingision is made at the radius in
which the ring is ultimately to be installéd about the cornea. A dissector
in the formof a split ring and

the ciliary body (15) and lens (17) serves to hold the
lens (17) in position and enables the ciliary muscle to
act on it.
Referring again to the cornea (11), this
5 outermost fibrous transparent coating resembles a watch
glass. 1Its 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
10 the cornea is called the optical 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 at the cornea.
Referring to Figure 2, a more detailed drawing
15 of the anterior portion of the globe shows the various
' " layers of the cormea (11) made up of an epithelium (31).
Epithelial cells on the surface thereof function to
maintain transparency of the cornea (11). These
epithelial cells are rich in glycogen, enzymes, and
20 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 (11). | | )
’ 2An anterior limiting lamina (33), referred to
25 as Bowman’s membrane or laYer, is positioned between the
epithelium (31) and the stroma (32) of the cornea. The
stroma (32) is comprised of lamella having bands of
fibrils parallel to each other and crossing the whole of
the cornea. While most of the fibrous bands are parallel
30 to the surface, some are oblique, especially anteriorly.
A posterior limiting lamina (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.
3s
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having a point suitable for producing an interlanellar 30 channel or
tunnel in the corneal stroma is introduced through the small incision and
"rotated in such a fashion that a general ly circular channel is forned

conpl etely about the cornea. The dissector is then rotated in the opposite
direction to withdrawit fromthe tunnel thus 35 forned. An ACICR is then
I ntroduced into the circular . channel and joined at its ends. |ICRs of
constant cross- section typically need no_gurther adj ust mrent ot her than,

The endothelium (35) 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 and sclera on the one hand and the cornea

S (11) on the other.

As has been explained above, most of the eye’'s
refraction takes place at the outer portion of the cornea
(12). The overall conéept behind this invention is that
by addition of selected amounts of bulk at the steeper

10 portions of the anterior cornea or by inclusion of a nen-
uniform ring in radial tension, the anterior corneal
surface will be forced into a generally spherical surface
thereby correcting the undesired astigmatism.

Figure 3 shows the placement of the non-regular

15 ACICR within the cornea as discussed above, In this
' instance, the ring (50) has two regions (52) of added
bulk or dimension. The larger regions in this instance
have a larger relational width (54) than the local width
of the narrower region (56). See also the side view of

20 the comparative widths in Figure 3. The relationship
between the local widths (54) and (56), the thickness.
(58) at various positions of the ACICR, and their ,
respective corrections, are known and may be determined
from our U.S. ‘Patent Appl. Ser. No. 07/820,472, fiied

25 December 10, 1991. -

Figure 5 is a frontal view of the eye having an
ACICR installed. The ring (50) has two regions of added
dimension (52). Those regions of added dimension would
be placed in the regions of the cornea having the

30 steepest slope in an effort to correct the cornea to an
approximate spherical, or at least regular, shape about
its anterior surface. -

Figure 6 shows a frcntal'view of an ACICR in
which the regions of added diménsion are generally

35 symmetrical. The regions of added dimension (54) are

111 A‘{&C}a NT (}TFF‘T
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perhaps, to nove the point of junction away fromthe regi on of corneal
_incision so to help assure that the 5 junction is held together by the
interlanellar tension of the cornea. However, with an ACICR, the
rel ationship of the ring and the astigmatic aberration nust be aligned so
to alll-owthe ACCCR to performits desired correction. In Figure 8 one such
nmet hod for adjusting the position of 10 the ACCCR in the eye is shown.
The radial incision (66) in cornea (68) which is used to introduce the ICR
into the eye is showmn. The ACICR (70) has™8% nunber of depressions (72)
spaced about its upper surface. The position of the ACICR (70) is changed

by engaging a - gnoun each to extend over a region of about 90° of the
ACICR. Figure 6 also shows a transition zone (62)
between the area of added bulk 60 and the comparatively
thinner region at (64). The transition zone allows the

5 ACICR to be inserted into an intrastromal channel with

greater ease. We believe this permits installation of
the ACICR with less trauma. The arc (64) of lesser
dimension is shown in Figure 6. As with the local
diameters (54) and (56) of the ACICR as shown in Figures

10 3 and 4, the percentage of arcs (60) and (64) and their
respective relationship to each other are a function of
the level of astigmatism to be corrected.

Figure 7 shows an ACICR with regions of
enhanced dimension which are not placed symmetrically
-15 about the ring. Again, such a ring would be employed in
" an eye which did not have symmetyical astigmatism about a
single axis. Such an ACICR would be employed with the
intent to bring the corneal shape back into general
spherical form.

20 The ring would be installed in the inner
lamellar regions of the corneal stroma by any of the
methods we have shown in the past to be suitable for such
installation. Particularly desired is the process and
its allied apparatus shiown in U.S. Serial No. 07/867, 745.

.25 In general, ‘the ring is installed in the following ’
manner: a small radial incision is made at the radius in
which the ring is ultimately to be installed about the
cornea. A dissector in the form of a split rirg and
having a point suitable for producing an interlamellar

30 channel or tunnel in the corneal stroma is introduced
through the small incision and rotated in such a fashion
that a generally circular channel is formed completely
about the cornea. The dissector is then rotated in the
opposite direction to withdraw.it from the tunnel thus

as formed. An ACICR is then introduced into the circular

25 JAN 997
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15 general |y pointed tool (74) into the depressions and slipping the ring
~(70) around in jone direction or another until the regions of added

di mension are in appropriate position for correcting the astigmatic
aberrations of the cornea. OQther variations on this wll be apparent to 20
those studying the need to adjust the position of these rings. The
materials used in these rings are typically stiff physiologically
accept abl e pol ynmers such as pol ynet hyl net hacryl ate (PMKA), TEFLON,

pol ycarbonate, 25  pol yol efins such as pdyet hyl ene, pol ypropyl ene,

pol ybutyl ene, and their m xtures and interpolyners, or a

channel and joinéd at its ends. ICRs of constant cross-
section typically need no further adjustment other than,
perhaps, to move the point of junction away from the
region of corneal incision so to help assure that the
5 Jjunction is held together by the interlamellar tension of

the cornea. However, with an ACICR, the relationship of
the ring and the astigmatic aberration must be aligned so
to allow the ACICR to perfbrm its desired correction. 1In
Figure 8, one such method for adjusting the position of

10 the ACICR in the eye is shown. The radial incision (66)
in cornea (68) which is used to introduce the ICR into
the eye is shown. The ACICR (70) has a number of
depressions (72) spaced about its upﬁer surface. The
position of the ACICR (70) is changed by engaging a

15 generally pointed tool (74) "into the depressions and

"slipping the ring (70) around in one direction or another
until the regions of added dimension are in appropriate
position for correcting the astigmatic aherratioﬁs of the
cornea. Other variations on this will be apparent to
20 those studying the need to adjust the position of these
rings. .

The materials uséd in these rings are typically
stiff physiologically acceptable polymers such as
polymethylmethacrylate (PMMA), TEFLON, polycarbonate,

25 polyolefins such as polyethylene, polypropylgne,
polybutylene, and their mixtures and interpolymers, or a
silicone polymer or interpolymer such as are known in the
art to be appropriately used in hard contact lenses.

PMMA has a long history in ophthalmological usage and

30 consequently is quite desirable for use in these ACICRs.
However, another desirable variation is shown in Figures
SA and 9B. 1In this variation, the added dimension
comprises a polymer which is swellable or expands upon
continued contact with water. “For instance, Figure 9a

38 shows a cross-section of an ACICR having a central
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silicone polyner or interpolynmer such as are known in the art to be
appropriately used in hard contact | enses. PMVA has a long history in

opht hal nol ogi cal usage and 30 consequently is quite desirable for use in
t hese ACI CRs. However, another desirable variation is shown in Figures 9A
and 9B. In this variation, the added dinension conprises a polyner which is
swel | abl e or expands upon continued contact with water. For instance,
Figure 9A 35 shows a cross-section of g{b1¥] CR having a central

portion (76) of a polymer such as PMMA and two regions
(78) bonded to éhe inner and outer periphery of central
portion (76). Outer portions (78) may be made of a
crosslinked polymeric gel such as polyhydroxyethylmethyl-
5 acrylate (Poly-HEMA) or polyvinylpyrrolidone (PVP). The
extent of crosslinking in these polymers determines the
extent to which the polymers will swell upon being
exposed to water. In general, the higher the extent of
crosslinking, the lower the volume increase upon contact

10 with water. Some materials used in soft contact lenses
will contain up to 99% by volume water. 1In any event,
Figure 9A shows the bonded outer portions (78) in their
dehydrated condition (if the polymer is not highly
crosslinked) and Figure 9B shows those same outlying

.15 portions.after insertion intp the cornea and after they

.. have been allowed to hydrate and,swell. This variation
of the inventive ACICRs allows the device to be" inserted
at a much smaller size but allows the ring to swell to
correct much larger aberrations.

20 The ACICR (80) shown in Figure 10 is onme in
which the thickness of at least one portion of the
regions is thicker (82) than another thinner portion (84)
of the ring. As with the othlier ACICRs depicted in
Figures 3-7, the number of thicker portions of the ring

25 may be one or more depending upon the spherical
aberration to be corrected. The typical ACICR likely
will have two thicker regions about 180° apart on the
ring. The ring may be between about 45° and more than
about 140°. The portions of the arc which are thicker

30 are also to be determined depending upon the astigmatism
of the eye to be repaired.

- Figure 11 shows another_vﬁriation of the ACICRs
in which the ring is a composite assembly. The central
portion (88) is of the one or more of the stiff polymers

35 discussed above. The.peripheral portions (90) comprise a




-10- portion (76) of a polyner such as PMVA and two regions (78) bonded to
~the inner and outer periphery of central portion (76). Quter portions (78)
may be made of a crosslinked polyneric gel such as pol yhydroxyet hyl et hyl -
5 acrylate (Poly-HEMA) or polyvinylpyrrolidone (PVP). The extent of

crosslinking in these polyners determ nes the extent to which the polyners

w Il swell upon being exposed to water. In general, the higher the extent
of crosslinking, the | ower the volunme increase upon contact 10 wth
water. Sone materials used in soft contaal--enses wll contain up to 99%

by volunme water. In any event,

swellable polymer which swells upon contact with
moisture. As with the composite ACICRs above, they may
be introduced into the eye prior to hydration, adjusted
into proper position, and allowed to hydrate and swell
5 into final shape. B
The terms and expressions which have been used
in the description above are used as terms of description
and not of limitation. There is no intention of
excluding equivalents of the features shown or described.
10 It is recognized that one having ordinary skill in this
art would perceive equivalents to the inventions claimed
below which equivalents would be within spirit of the
invention as expressed above.
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Fi gure 9A shows the bonded outer portions (78) in their dehydrated
condition (if the polynmer is not highly crosslinked) and Figure 9B shows

t hose sane outlying 15 portions after insertion into the cornea and after
t hey have been alTowed to hydrate and swell. This variation of the
|nventrlmmmmm the device to be inserted at a much smaller size
but all well to correct nmuch | arger aberrations. 20

The AC CR (80) shown i Figure 10 is one |Q?mh|ch the thickness of at |east

one portion of the regions is thicker (82) "Than another thinner portion
(84) of the ring. As with the other ACl CRs depi ct ed{ifflia™

ET HAS BEEy

I CLAIM AS MY INVENTION: REP LACED

1. A split polymeric ring having a cross-

5 section which ring is suitable for introduction into the
stroma and adapted to substantially encircle the cornea
and in which the cross section of the ring has at least
one area of comparatively larger dimension.

10 2. The ring of claim 1 in which the cross-
section has two areas of comparatively ‘larger dimension.

3. The ring of claim 1 in which the areas of
larger cross gsection have transition regions to the areas
15 of smaller dimension.

4. The ring of claim 2 in which the regions of
comparatively larger dimension are spaced apart at an
angle between 45° and more than about 180°.

20 , _

5. The ring of claim 4 in which the two areas
of comparatively larger dimension are spaced about 180°
apart on the ring.

25 | 6. The ring of claim 1 additionally comprising

adjusting means for positioning the ring in the eye.

7. The ring of claim 1 in which the cross

section has more than two areas of comparatively larger
30 cross-section.

8. The ring of claim 2 in which the two areas
of comparatively larger dimension are not symmetrical
about the ring.

3s
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Figures 3-7, the nunber of thicker portions of the ring 25 may be one or
nore dependi ng upon the spherical aberration to be corrected. The typical

" ACI CR | i kety—wi++—have two t hi cker regions about 180 apart on the ring.
The ring n?ﬂ"ﬂﬁmn-._ ut 45[err] and nore than about 140[err]. The
portions o meﬁ re thicker 30 are aI"’““’IWde%e%—m_n d
dependi ng upontthe astisgmati smof the eye to be i%@%ﬁ & fT¢M§uBﬁﬂﬂE shows
anot her variation of the ACCCRs in which the rind_is aRtRIAPBBite assenbly.

The central portion (88) is of the one or-¥Bre of the stiff porymers 35
di scussed above. The peripheral portions (90) conprise a

9. The ring of claim 1 so that the ends of the
split ring are joinable.

10. The ring of claim 1 comprising one or more
5 physiologically acceptable polymers. N

11. The ring of claim 10 where the polymer
comprises polymethylmethacrylate. :

10 12. The ring of claim 10 additionally
comprising a swellable polymer. )

13. The ring of claim 12 in which the
| swellable polymer is selected from polyhydroxyethyl-
15 . methylacrylate and polyvinylpyrrolidone.

—_—
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swel | abl e pol yner which swells upon contact with noisture. As with the
_conposite ACI CRs above, they.nmay be introduced into the eye prior to
hydrati on, adjusted into proper position, and allowed to hydrate and swell
5 into final shape. The.terns and expressions which have been used in the
description above are used as terns of -@iéscription and not of |imtation.
There is no intention of excluding equivalents of the features shown or
descri bed.

ASTIGMATIC CORRECTING INTRASTROMAL CORNEAL RING
ABSTRACT

This invention is an intrastromal corneal ring ("ICR") which is not uniform in
dimension. It has, typically, two or more raised areas (54,60) (or areas of
additional bulk) spaced apart from each other on the ring. This ring design, when
introduced into .the stroma and properly adjusted there, permits at least partial

correction of astigmatism in the eye.

Figure 3




10° It is recognized that one having ordinary skill in this art would
_perceive equivalents to the inventions clainmed bel ow whi ch equival ents
woul d be within spirit of the invention as expressed above. GLAI MS: 1.
A split polyneric ring having a cross- 5 section, said ring being adapted
for introduction into the stroma and substantially encircle the cornea and
in which the cross section of the rilnbhhas at |east two
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régions of conparatively larger dinension than regions adjacent thereto of

.smal | er dinmension. 10 2. The ring of claim1 in which the regions of
| ar ger di nension have transition regions to the regions of smaller
di mensi on. 15 ° 3. The ring of claim1 in which the regions of

conparatively |arger dinension are Zpaced apart at an angl e between about
45[err] and about 180[err]. 4. Th 44ng of claim3 in which the two
regions 20 of conparatively |arger dinmension a@ﬁaspaced about 180[err]

apart on the ring. 50
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5. The ri ng of claim1 additionally conprising adjusting nmeans for
_positioning the ring in the eye. 25 6. The ring of claim1 in which the
cross section has nore than two regi ons of conparatively |arger dinension.

30 7. The ring of claim1 in which two regions of conparatively
| ar ger di nension are provided whi chBe}rE not symetrical about the ring.

FIG. 7
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-13 - 8. The ring of claim1 so that the ends of the split ring are
joinable. 5 9. The ring of claim1 conprising at | east one

physi ol ogi cal |y acceptabl e polyner. 10. The ring of claim9 where at | east
one pol yner conprises polynethyl nethacrylate. 10 11. The ring of claim9
further conprising a swellable polyner. 12. The ring of claim 11 in which
the swel |l abl e 15 polyner is select ed&t/dom pol yhydr oxyet hyl -

80

) FIG. 10
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1. A split polymeric ring having a cross-

section, said ring being adapted for -introduction into
the stroma and substantially encircle the cornea and in
which the cross section of the ring has at least two

regions of comparatively larger dimension than regions

adjacent thereto of smaller dimension.

10
2. The ring of claim 1 in which the regions of

larger dimension have transition regions to the regiomns

of smaller dimension.

15 3. The ring of claim 1 in which the regions of

comparatively larger dimension are spaced apart at an

angle between about 45° and about 180°.

4. The ring of claim 3 in which the two regions

20 of comparatively larger dimension are spaced about 180°

apart on the ring.

5. The ring of claim 1 additionally comprising

adjusting means for positioning the ring in the eye.

25

6. The ring of claim 1 in which the cross

section has more than two regions of comparatively

larger dimension.

-

30 7. The ring of claim 1 in which two regions of

comparatively larger dimengion are provided which are
not symmetrical about the ring. o
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8. The ring of claim 1 so that the ends of the
split ring are joinable.
5 9. The ring of claim 1 comprising at least one

physiologically acceptable polymer.

10. The ring of claim 9 where at least one
polymer comprises polymethylmethacrylate.
10
11. The ring of claim 9 further comprising a

swellable polymer.

12. The ring of claim 11 in which the swellable
15 polymer is selected from polyhydroxyethyl-
methylacrylate and polyvinylpyrrolidone.
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