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ASTIGMATIC CORRECTING INTRASTROMAL CORNEAL RING

Field of the Invention

This invention is an intrastromal corneal ring
("ICR") or sector 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 p051t10n there, permits at

least partial correction of astigmatism in the eye.

Background of the Invenglon

Anomalies in the overall shape of the eye can
cause visual disorders. Hyperopia ("far51ghtedness")
occurs when the front-to-back distance in the eyeball is
too small. In such a case, parallel rays originating
greater than 20 feet from the eye focué behind nhe_

retina. 1In contrast, when the front-to-back distance of
eyeball is too large, myopla ("near31ghtedness“) occurs

and the focus of parallel rays entering the eye occurs in
front of the retina. Astigmatism is a condition which
occurs when the pérallel rays of light do not focus to a
single point within theé  eye, "but rather focus to a region
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 astlgmatlsm is too pronounced it
must often be corrected.
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5 = ASTI GVATI C° CORRECTING | NTRASTROVAL CORNEAL RI NG Field of the

I nvention . This invention is an intrastromal corneal ring 10

(™ CR') or WhICh is not dinensionally uniform - ab Gty % :

has at Ieagéﬁﬁagﬁarea or, nore typically, two or nore raise areas or
yp y

areas of " addltlonal bulk) spaced apart-grom each other on the ring.
This ring design, when introduced into the stroma 15 and properly adj ust ed
for position there, permts at

Hyperopia, myopia, and astigmatism are usually
corrected by glasseé.or.contact lenses. " Surgical methdds
- for the correction of such disorders are known. These
méthods'include radial keratotomy (see, e.g., U.S.

5 Ppatents 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 cdrrecting those disorders.
is through the implantation of polymeric rings_in the
eye’s corneal- stroma to.change the curvature of the

10 qorhea. Pxevioué 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 deéign'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 corneal curvature

- .adjustment. The method involves inse:ting 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 éye has assumed a desired
| J 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_correctlon of astigmatism. That disclosure does not
suggest the use of ICRs having the 1nvent1ye shape to

alleviate astigmatism in the eye.
35 .
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| east partial ,correction of astigmatismin the eye. Background of

the I nyention Anomal ies in the overall shape of the eye can
20° cause “,kﬁgﬁg, gi sorders. Hyperopia ("farsightedness") cmggghu{]og., when
t he front ack di stance in the eyeball is too small. Tn suc

case, paraIIeI rays originating greatey-than 20 feet fromthe 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 parallel rays emame maf tthe priacarts disclosufesnsugdestetheti na.

AStigmatismis g coi a’n! %ﬁ’“ﬂa“ﬁng a RS FER élllhepé’aéé‘émt?' ehéY? Of

| i ght do not f 8Cds o
perlphery

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. Within the scope
of this .invention are partial rings or sectors which
encircle only a portion of the cornea. The partial rings
also may have variable cross-sections, but also may be of

20 a constant thicknéss.f By proper allgnment of the 1arger
‘regions of the ACICR or the partlal sectors with the
eye’ s. anomalies, the astigmatism may be allevlated.

 The devices for forming the intrastromal

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

ggief Degc;ip;ign of the Drawings '
_ Figure 1 is a schematic representation of a
horizontal section of the eye.

30 Figure 2 is a schematic representation of the
anterior portlon of the eye show1ng the various layers of
the cornea.

Flgure 3 depicts the Inventlve ACICR as it
35. re31des within the cornea.

J
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. single point within the eye, but rather focue to aregion 30 due to the
fact that the cornea is aspherical and ~refracts light in a different

|mser,l dlanng‘&gék)‘lgﬁgent di stances. Sone degree of aStig”?’E:'rI[iﬁM/ﬁoW eye

ut where the astignmatismis too pronounced,
of ten be corrected : . -4-

Figure 4 is a 51de cross-section of the ACICR
within the cornea.

Figure 5 is a frontal view showing the
placement of the ACICR within the eye.

5 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 invention

10 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
of the ring uses a swellable polymer. -

15 : Figure 10 shows an ACICR in whlch the thlckness
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.

. 20 Description of the Inventlon
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.
25 Figufe 1 shows a horizontal section of the eye
with the globe (10) of the eye. resembling a.sphere with
.an anterior bulged spherical portion representlng the
cornea (11).
The globe (10) of the eye consists of three
30 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
of which is white and opaque and called the sclera (13),
'ané!sometimes referred to as the white of the eye where

35
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-2- ' FWperopla nyopla and astigmati sm-are usual |y

corrected by glasses or contact |enses. Surgical nethods for the
correotlonvﬂ59 Ebdlsorders are known. These met hods i nelwaged @2l
ker.at ot ony (see e.g., WS 5 Patents Nos.: 4,815,463 and 4, 688, 570) and
| aser corneal ablatlon (see, e.g., U S.- $h1ent No. 4, 941 093).

- Anot her et hod for correcting those disorders. I.S through t he
i npl ant ati on of meric rings in the eye's, corneal stroma _to change

the curvature ofV 1eo toc heedront oviThe aRker ion Pne rgixtl PHpEhAsati on
of pO'Y”EthEhﬁ%&ha%y@fﬂf%(&H@”ﬁréﬂéﬁ&%eﬁﬂ'é&&ﬁ@é epinea

A middle covering is malnly vascular and
- nutritive in function and is comprlsed of the choroid,

5 ciliary body. (15) and iris (20). The choroid (14)
generally funictions to maintain the retina (12). The
‘ciliary body (15) is involved in suspend1ng the. lens {17)
and accommodation of the lens. The iris (16) is the most
anterior portion of the middle covering of the eye and is

10 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
the amount of light which reaches the retina (12). It

15 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.
The innermost portion of covering is the retina (12),

20 which is made up of nerve elements which form the true
receptive portioh for visual impressions.

' The retina (12) is a part of the brain-arising
as an outgrowth .from the fore-brain, with the obtic_nerve
(23) serving as a fiber tract connecting the retina part

25 ‘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 phy31cal energy (light)
into nerve impulses.

30 The vitreous body (24) is a transparent

| gelatinous mass which fills the posterlor four-fifths of
the glcbe (10). At its sides it supports the ciliary

: body (15) and the retina (12). A frontal Saucer-shaped

35 depreséion houses the lens. ' o o
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ti ssue and hydfogelé i s well docunented. One of the ring | devi ces

involves a-split ring design which is inserted .into a channel

previ ousl yvﬂj;?gqiged in the stromal layer 15 of the cornea. PC'ITIB$9 qw-,ce

uses a mnipally invasive - i nci sion through which the channe or
~inplant is created and, finally, throu®r which the inplant is

I nserted. U.S. Patent No. 4,452,235, to Reynolds, 20

describes a nethod and ap a&us for gorqgal curvat.ure adj ust mrent. The

met hod i nvol ves |nsert|ng 7 SYe éﬁhaa&ﬁiﬂﬁﬂiquqK?ﬁTno

the cornea of. tbenem bbdy of dqutragltlhﬁ ralpp@aman@ecpl@uﬂea HetweditiHe i t S
ends neet. PR g t hereafter %SJU( X %t Ia\ég.a od%%?nrétcétrher 25
until the shape 5% {ﬁg 2y nﬁa§'§§§ﬁﬂﬁh esﬁ%g
varies markedly with accommodation. A c111ary zonule
5 '(25), consisting of‘transparent_fibers passing between
" 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
10 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 thén
anothet giving rise to astigmatism. A central third of
15 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
20 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 transparéncy'of the cornea (11). These
_ épithelial'cells_aré rich in glycogen; enzymes, and
25 'acetylcholine and their activity regulates the corneal
corpusclés 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
30 as Bowmanfs membrane or layer, is positibned between the
epithelium (31) and the stroma (32) of the cornea. The
stroma (32) is comprised oﬁllamella'having bands.of
fibrils_pérallel t6 each other_and'crossing the whole of
35 the cornea. While most of the fibrous bands are parallel
toffhe SPrfécé, some are oblique, especially anteriorly.

F)
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curvat ure whereupon the ends ‘are fixedly attached to mai ntai n the

desired curvature of the cornea. Addi tionally, U.S. Pat ent

. Appl i cati oRyg 95715799’/ 820, 422, by Davenport et al., entitled " wrrmgd.yi,mm 30
Cor.neal Curvature Variation" suggests-the use of ICRs for t he
correction of astigmatism That disclosure does not suggest the use of
| CRs having the inventive shape.to alleviate astigmatismin the eye.
35 '

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. _

5 ' - The endothelium (35) is the most posterior
layer cf 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
(11) on the other. '

10 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
portions of the anterior cornea or by inclusion of a .non-

15 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
ACICR within the cornea as discussed above. 1In this

.20 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
the comparative widths in Figure 3. The relationship

25 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, filed

" December 10, 1991. _

30 : 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 _
_steepest slope in an effort to correct the cornea to an

v

35
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-3~ None of the prior art disclosures suggest the use

of an I CR havi ng a non- uni f orm shape about their peri phery. 5
Summary ofwbbglgﬁyent I on _ - PCT/US94/14077
_ < -8-

approximate épherical or at least regular, shape about
1ts anterior surface. .

The regions of added d1mens1on are critically

tallored to correct the astigmatism found in a particular
S eye. In general, the regions (52) subtend an arc of at

‘least about 2° measured from the center of the ring.

More typically, the regions of larger dimension will

sﬁbtend'10° to about 180° of an arc on the ring. The

larger values are to remedy such conditions as .

10 keratoconus in which (typically) a sighificant angular
portion the cornea is thinned or, at least, 81gn1f1cantly
lower (flatter) in profile than other portions of the _
‘cornea. Such regions typically subtend 15° to 45° of the
ring arc in correction of typical astlgmatlc conditions.

15 Consequently{ for most conditions, the arc should be at
least about'2°, preferably about 10° to 90°, more
preferably about 20° to 45°, all however tailored to
correction of the noted astigmatism in a particular-eye.
Special corrections up to 340°, although typically of up

20 to 180°, of subtended arc are acqeptable when special
circumstances of astigmatism are encountered.

When multiple sections of added dimension are
used, each section may be of the subtended arc sizes
listed above for the single arcs. Clearly though, the

© 25 sum of all of the subtended arcs for the must be less
than 350° or so. |

Figure 6 shows a frontal view of an ACICR in
whiéh the regions of added dimension are generally
symmetrical. The regions of added dimension (54) agé :

30 - 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 allows the
S35 ACICR to be inserted into an intrastromal channel with

 gredter ease. We believe this permits installation of
4 .
d :
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This invention is to a device, an-astigmatic correcting intracorneal

ring ("ACICR'), which is inserted into the interlanmellar region of the
eye' s -St ¥ ONWO 9515719 t he purpose of.-alleviating astigmati smpctrivsoflperrce is
an .10 I nprrovengnt over previously emstmg)We . Unlike other | CRs
whi ch have a constant cross-section when vi d t hrough vari ous

cross-sections of the ring, the inventive ﬁCIER typicallﬁ Pﬁs ?ttLe?st
one reglon in h 0ss-section i i cker, or, t u o) a
region is 15 \;\rlghé gﬁguﬁ'&g °&f %ﬁ% T %&? Fa (B&)e SiSor e

regi ons at mhlcdlmHQSDanlssshnmneaseaugmtehmn t s mummethe ladal his

i nvention are p&%%fn@keib”Q?ﬂr a gct(grs§ \@4}1 (Eti'xe Ach c?i‘%' rcs e onll){,l aE,lppg{I't_és()n

-of the cornea. artia ave va
cross-sections, 3beﬂdaﬂsoth§ype§centage of arcs (60) and (64) and their

5 respective relationship to each other are a function of.

| the level of astigmatism to be corrected. The percentage
of arcs of the areas of added diménsion‘(60) and (64) are
of the same relative sizes as discussed above in relation
to Figure 5.

10 . Figure 7 shows an ACICR with regions of
‘ enhanced dimension which are not placed symmetrlcally
about the rlng. 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 empioyed with the
. © 15 intent to bring the corneal shape back into general

spherical form. -

Although we emphasize the use of rings which
encircle most of the cornea, Such'enoirclement is not
critical to the insertion For 1nstance, the ACICR may

20 be a sector of a rlng having an area or areas of varying
thickness (or width) or, for some astigmatic maladies, a
partial ring of a constant thickness or width properly
placed may be an appropriate resolution of the malady
Each of the variations dlsclosed herein may be used in a

25 variation covering as small an arc as 10°-15° of the
corneal circumference. o

_ 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

30 installation. Partlcularly desired is the process and

" its allied apparatus shown in U.S. Serial No. 07/867, 745,
'CORNEAL VACUUM CENTERING GUIDE AND DISSECTOR, filed April
4, 1992. 1In general ‘the ring is installed in the
follow1ng manner: a small radlal incision is made at the
radhus 1n which the ring is ultimately to be installed

l

35
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20 " a constant thickness. By proper alignnént of the | ar ger | regi ons
of the ACICR or the partial sectors with the eye's anonalies, the

ast'i gnat i swomeMsfe al | evi at ed. The devi ces f qicThepowidpg7t he -
i nt.rastromal: .+ , pathway into -which these ICRs may be placed is well 25
known. - Brief Description of the Draddrgs _ Figure 1 is
a schematic representation of a hori zontal section of the eye. 30-

Figure 2 is a schemati.c representatlon of the anterior. portion of the
eye showi ng t heaRRHG dthe 1e8%Re2 of A dlss?%%°€o%ﬂeﬁhe form of a split

‘ring and having a point suitable for producing an
interlamellar channel or tunnel in the corneal stroma is
introduced through the small incision and rotated in such
5 a fashion that a generally circular channel is often (but
'not necessarily) formed complétel? about the cornea. The
dissector is then rotated in the opposite direction to
withdraw it from the tunnel thué formed. An ACICR is
then introduced into the circular channel and joined at

10 its ends. ICRs of constant cross-section'typically need

" no further adjustméat other than, perhaps, to move the
point of junction away from the region of corneal
incision so to help assure that the junction is held
together by the interlamellar tension of the cornea.

15 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. In Figure 8,
one such method for adjusting the position of the ACICR
in the eye is shown. The radial incision (66) in cornea

20 (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)

25 around in one direction or another until the regions of .

' added dimension are in appropriate position for
correcting the-astigmatic aberrations of the cornea.
Other variations on this will be aéparent to those
studying the need to adjust the position of these rings.

30 The materials used in these rings are typically

stiff physiologically acceptable polymers such as '

polymethylmethacrylate (PMMA), TEFLON, polycarbonate,
polyolefins such as_polyethYlene, polypropyiene,
pélybutylene, and their mixtures and interpolymers,-ér_a
sif}coﬁg polymer or'interPOIYmer such as are known in the
/. -
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Flgure 3 deplcts the inventive ACICR as it resides within the cornea.
-4- _ _ : .
WO 95/15719 PCT/US94/14077

-11- .

art to be appfopriately used in hard contact lenses.
PMMA has a long history in ophthalmologlcal usage and
consequently is quite des1rable for use in these ACICRs
However, another desirable variation is shown in Figures
5 9A and 9B. In this variation, the added dimension
comprises a polymer which 1s swellable or expands upon
continued contact with water. For instance, Flgure 9A
shows a cross-section of an ACICR having a central
poftion (76) of a polymer such as PMMA and two regions
10  (78) bonded to the inner and outer periphery of central
portion (76) . Outer_pOrtiohs (78) may be made of a -
crosslinked polymeric gel such as polyhydroxyethylmethyl-
acrylate (Poly-HEMA) or polyvinylpyrrolidone (PVP). The
_ extent of crosslinking in these polymers determines the
15 extent to which the polymers will swell upon being
exposed to water. In general, the higher the extent of
crbsslinking{ the lower the_volume incfease upon contact
with water. Some materials used in soft contact lenses
will contain up to 99% by volume water. In any event,
20 Figure 9A shows the bonded outer portions (78) in their
dehydrated condition (if the polymer is not highly
crosslinked) and Flgure 9B shows those same outly1ng
portlons after 1nsert10n into the cornea and after they
have been allgwed to hydrate and swell.  This variation
25 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. : o
The ACICR (80) shown in Figure 10 is one in
- which the thickness of at least one pbrtion of the
30 regions is thicker (82) than another thinner portlon (84)
of the ring. As with the other ACICRs deplcted in
Figures 3-7, the number of thicker portlons of the ring
may be one or more depending upon the gphérical

35 aberration to be corrected. The typical ACICR likely
wiii have two thicker regions about 180° apart on the
’ . ’
- o -
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Figure 4 is a side cross-section of the ACCCR - within the cornea. _
Figure 5 is a frontal view show ng the pl acenent of the ACICR within

t he eye. - 5wo0 9515719 Figure 6 is a frontal view of the AC gpdigoarnaar7
synmet ri cal sar-eas of added bul k or cross-section. Figure 7 is
-a frontal view of an ACI CR having - non-sh@metric areas of added bul k or
Cross-section. Figure 8 depicts a feature of the invention
10 which allows the ACICR to be manipulated into g position for
astigmati sm cor¥¥di onthe ring may be betygersabau nﬂ 8BaBAomozey £hARL i on

of the | NVaiduy €1 463 CR T NoPc COABOSE! €hel Afic! WniBhCAra BRiEkER
are also to be determlned dependlng upon the astigmatism
of the eye to be repaired.

5 Figure 11 shows another variation of the ACICRs
in which the ring is a composite assembly. The central
portlon (88) is of the one or more of the stiff polymers

"discussed: above. The peripheral portions (90) comprise a.
swellable polymer which swells upon contact with
10 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
into final shape. _
The terms and express1ons which have been used
15 in the . descrlptlon above are used as terms of descrlptlon
' 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 eéuivalen;g to the inventions claimed
20 below which equivalents would be within spirit of the
invention as expressed above.

25

30

35
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of the ring uses a swell able polyner. 15 ‘, Figure 10 shows an
ACI CR in which the thickness of the ring. is varied.

Figure 11 gpyisafy ACCCR in which the ring is a - conposi per/pbosfiadiz f 1
pol.ymer and .a .swell abl e pol yner. 20 Description of the Invention

Prior to explaining the details of the -13nventi ve devi-ees—a—short——
expl anati on of the physiol ogy of the eye is neededt eﬁﬂmﬁﬁmﬁ&:h«ge

functi onal rel ati-onship of the device to the eye.
Figure 1 shows a horizontal section of the eye W th ““HH“I“I I) of
the eye resenbl t”@LﬁIﬁpﬂsrﬁywﬁbENTmN

1. A'split biocompatible polymeric ring for

5 the correction of astigmatism in an.eye having a cornea,
which ring has a cross-section, which ring is suitable
fér introduction into the corneal stroma and has a |
circumference sufficient to substantially encircle within
the cornea, in which the cross-section of the ring has at

10 least two areas of comparatiﬁely larger dimension than
other cross-sections of the ring and allow the ring to be
rotated in the cornea and where the areas of
comparatively larger dimensions subtend more than about
2° of the arc of the ring and are selected to

15 substantially correct said astigmatism.

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

20 : 3. Thé-ring of claim 1 in which the areas of
larger cross- -section have transition reglons to the areas
of smaller dimension.

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

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

6. The ring of claim 1 addltlonally comprising
adjusting means for positioning the ring in the eye.

¥
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an anterior bul ged $¥¢m¥+{ﬁﬂ—1ﬁmﬂﬁ7ﬂT“épresent|ng t he cornea (11).
The gl obe (.10) of the eﬁ ]&thhree 30 concentric coverings =
encl osi ng wbagglgﬂgpu medi a t hrough whi ch gguddsfilagrzmust
- pass . before reaching -sensitive retina (12). The outernost

covering is afi ve pordi14n the posterior five-sixths
35 of which is white and opaque and called the sclera (13), - and

~sonetinmes referred to as the white of the eye where
7. The ring of cla1m 1 in which the cross-

section has more than two areas of comparatively larger

cross-dgection.

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

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

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

15 : - 11. The rlng of claim 10 where the polymer
comprises polymethylmethacrylate

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

20 _ .

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

25 14. A split biocompatiblé polymeric ring for

the correction of astigmatism in an eye having a cornea,

which ring has a.cross?;ectionL which ring'is suitable

for introduction into a préviously formed intrastromal

channel encircling the cornea, has a circumference
30 sufficient to'sqbstantially encircle within the cornea,
in which the croésfsedtion of the ring has at least one
-area of comparatively largér dimension and, in which the
ring may be rotated within the previously formed
intrastromal channel and allow the ring to be rotated in
thé'cornea and where the areas of comparatively larger

#

35
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-5-- vi si ble w_Lhe—LFeHTe—Hnterlor one-si xth of this Otjter

l.ayer .is the transparent cqr enﬁe A mddl e covering is
~mainly vas&ulggflsﬁgd his mpﬁ rq;- funct ion and is conpri SRenosfd97
choroid, 5 is (20). The choroid (14)

generaJIy functlons t retinar%ii).- The '

dimensions subtend more than about 2° of the arc of the

ring and are selected to substantially correct sald
astigmatism.

5 15." The ring of claim 14 in which the cross-
section has twc areas of comparatively larger dimension.

16. The ring of claim 14 in which the areas of
larger dimension have transition.régions to the areas of
10 smaller dimension.

17. The r1ng of claim 15 in which the regions
of comparatlvely larger dimension are spaced apart on the
circumference of the ring at an angle measured from the

15 center of the ring between 45° and more than about 180°.

18. The ring of claim 17 in which the two
areas of comparatively-iarger dimension are spaced on the
circumference of the ring about 180° apart on the ring.

20
19. The ring of claim 14 addltlonally
comprlslng adjusting means for p081tlon1ng the rlng in
the eye.
25 : 20. The ring of claim 14 in whlch the cross-

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

21. The ring of claim 15 in which the two
30 areas of comparatively larger dimension are not
symmetrical about the ring. '

. 22. The ring of claim 14 so that the ends of
the split ring are joinable.

¥
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ciliary body (15) is Tnvolved in suspending the lens (17) and

accommodat i-on of the hmﬂsmwmmgghkl 1&;@) I s the nost anterior portion’
of the m d¥co@EIHY i ng |s 10 arranged in a fpefysdaRbANE.
It is a thin ciircular d in function to the diaphragm of a
canera; and is per ts cenmér by a circular aperture

cal |l ed t he pupil (20) The S|ze of the pupil varies to regul ate

" the amount of |ight which reaches thg reténa (12). It 15 contracts also to .
accommodat i on, which serves to SHarpeRd of ¢ %@mfb%u%0m9r§$hn§|9hengr

spheri cal abemednﬂlpﬁﬂﬁndIegucallyChd%ébﬁaﬁiéi§@@§ﬂe§§tmﬁe” the cornea
(11) and the | ens (17) into.an anterior chanber (21)- and posterior.
.Chanber . The innernost portion of covering is the retina (12), 20
which is made up of nerve 24 eneThe minghof crlaithe23 Nzll@ere the polymer

5 comprlses polymethylmethacrylate

25. The ring of cldim 23 additionally
comprising a swellable polymer.

10 26. The ring of claim 25 in which the
swellable polymer is selected from

. polyhydroxyethylmethylacrylate and polyvinylpyrrolidone.

' 27. A split polymeric ring having a cross-
15 sectlon which ring is suitable for introduction into the
stroma and adapted to encircle at least a portion of the
cornea and having a cross-section.

28. The ring of claim 27 in which the ring
20 partially encircles the cornea.

29. The'rlng of claim 28 in which the cross-
sectlon has at least one area of comparatlvely larger
dlmen51on

25. _ _ .

30. The ring of claim 28 in which the cross-

section.has two areas of comparatively larger dimension. .

_ 31. The ring of claim 30 .in which the areas of
30 larger cross- -section have transition reglons to the areas
of smaller dimension.

32. The ring of claim 27 additionally
comprlslng adjusting means for p081t10n1ng the ring in
the eye.

_l
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fecéptive portion for visual inpreséions“ ' The retina (12) is

a'part- of the brain ari-sing © as-an outgrowmh fromthe fore-brain, with
the optic masosis719 (23) serving as a fiber tract connecti npct/iosew@abima
part 25 . of .the brain with the fore-brain. _A layer of rods and cones,
| ying just beneath a pignented epitheliumdh’7the anterior wall of the
retina serve as visual cells or phot oreceptors which transform

‘physi cal energy (light) ‘nerve | | ses The .
vitreous body (24) is a tpénsp trlng g§;§&WrﬂﬂE99m¥E9%§lE?Ff?¥?§sthe

posterior four- fSeittiomthas more hagl dbhe (Ghfdas Af idampdrtesivél g uppegés t he
ciliary b%g%sﬁggkdy¥$&ruaretlna (12) A frontal saucer - shaped 35

depressi on houses t

5 34. The ring of claim 33 in which the two
areas of comparatively larger dimension are not
symmetrical about the ring.

35. The ring of claim 27 comprising one or
10 more physiologically acceptable polymers.

36. The ring of claim 35 where the polymer
comprises polymethylmethacrylate.

15 37. The ring of .claim 35 addltlonally
comprising a swellable polymer.

38. The ring of claim 37 in which the
swellable polymer is selected from polyhydroxyethyl-
20, methylacrylate and polyvinylpyrrolidone.

39. The ring of claim 27 which encirlces at
-least 10° of the cornea.

25
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convex body of crystalline appearance pl aced be;meen-the

The Iens'(17) of -the eye is a transparent bjx
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(57) Abstract .

N S _//

This invention is an intrastromal corneal ring (40) ("ICR™) which is not uniform in dimension (54, 56). It has, iypica.lly, two or more
raised areas {or areas of additional bulk) spaced apart fronr each other on the ring. This ring design (40) when introduced into the stroma
and properly adjusted there, permits at least partial correction of astigmatism in the eye.




iris (16) and vitreous body (24): Its axial dianeter varies markedly
wi't h accomodation. A ciliary zonule 5 (25), consisting of transparent
fibers passwags/im@isveen the-ciliary body (15) and |ens (lggr/e8d41Q677t O
hold the = _ Lens (17) in position and enables the ciliary muscle to .
act on.it.. =~ " ° Referring again to the cornea (11), this 10
outernost fibrous transparent coating resenbles a watch " glass. Its
curvature is-somewhat greater than the restl/4 of the globe and is ideally
spherical in nature. However, often it is nore curved in one neridian
t han another giving rise to astlgmatzgm A ckhtralgghird of 15 the
cornea is called the optical zone vmth a4e+¢ : attenlngtaklng
pl ace outwardly thereof as the cor ﬂ _

15

24

FIG. 1
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t hi ckens towards its perlphery Most of the refraction of the eye
t akes place at the cornea. Referring to Figure 2, a nore
det ai |. ed, drvawsgs72®  of the anterl or portion of the gl obe shm5§m077 :
var.i ous | ayers of the cornea (11) nmade up of an epithelium (31).
Epi t hel i al cels"on the surface thereof function to mai ntain .
transparency, of the cornea (11). These epithelial cells are rich in
gl ycogen, éenzynes, and 25 acetyl chol i ne ardf4their activity -regul ates the
- cor neal corpuscles and controls the transporsz of water and
el ectrolytes through the | anell ae o
(11). An ant er Lof
Bownan' s nenbrane or .

-

as

N )
i
. »
-_—
This Sheet Has Been

I N0 Ilﬂill



epi t:he[ium (31) and the stroma (32) of the cornea. The “stroma (32)is

conprised of lanella having bands of fibrils parallel to each other
and crossi WOPHESWhol e of 35 the cornea. Wile nost of tRETURYWBIY
bands are parallgl to the surface, sone are oblique, especially

~anteriorly.

3/4

- FIG. 9A -
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-7- " A posterior limting lamna (34) is referred to as Descenet” s

me.[mrane It is a strong nenbraine sharply defined fromthe stroma (32)
and resi st aWO9M@S719  pat hol ogi cal processes of the cornea. 5PCIUS94/14077 The
endot hel i um( 35)~:i s the nost .‘posteri or | ayer of the cornea and consists
of asPngIeJ._ayet of-~ cells. The linbus (37) is the transition zone '
between ~  f¥e cofj unctiva and sclera on the one hand and the cornea -
(11) on the ot her 10 . As has been expl ai ned above, nobst of the

eye's : ' - 4/4

az—f;_ | o Ry
o FIG. 10 | {84'

SR FIG.III11

L
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refraction takes pl ace at the outer portfon of the cornea
concept behind this invention is that

»overall

anmounts of bul k at the steeper
i nclusion of a non- 15
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5 ASTIGMATIC CORRECTING INTRASTROMAL CORNEAL RING

Field o e

ventio

_ This invention is an intrastromal corneal ring
10 ("ICR") or sector 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.

15 and properly adjushed for position there, permits at
least partial correction of astigmatism in the eye.

gackg;ound'gf the ;gvgntidnj

Anomalies in the overall shépe of the eye can
20 cause visual disorders.

Hyperopia ('faréightedness")

This ring design, when introduced into the stroma

occurs when the front-to-back distance in the eyeball is

too small.

In such a case.-pafallel rays originating

greater than 20 feet from the eye focus behind éhe_

retina.

In contrast, when the front-to-back distance of

25 eyeball is too large, 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 focus to a region
30 due to the fact that the cornea is aspherical and

refracts light in a different meridian at different

distances.

35

Some degree of astigmatism in an eye is
normal, but where the astigmatism is too pronounced, it
must often be corrected.
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25 Dbetween the local widths (54) and (56), the thickness (58) at
*various positions of the ACICR, and their respective corrections, are
known and rmay be determ ned fromour U S. Patent Appl. Ser. No.
07/ 820,472, filed Decenber 10, 1991. 30 Figure 5is a
frontal view of the eye having an ACICR installed. The ring (50) has
two regions of added di mensi on (52). ¥Rese regions of added di nension
woul d - be placed in the regions of the cornea having the st eepest
slope in an effort to-correct the cornea to an )

Hyperopia, myopia, and astigmatism are usually

corrected by glasseé 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. 4,941,093).

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

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 corneal curvature
adjustment. The method involves inserting one end of a
split end adjusting ring into the cornea of the eye and
movinghthe'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 Applicétion
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.
35
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- 8- approxi mate spherical, or at |east regular,

*fanteri or surface. ~ The regions of added di nension are
critically tailored to correct the astigmatismfound in a particular 5

eye. - In general, the regions (52) subtend an arc of at | east about
2[err] neasured fromthe center of the ring.

shape about - its

-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 aileviating astigmatism, the device is an
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. Within the scope
of this invention are partial rings or sectors which
encircle only a portion of the cornea. The partial rings
also may have variable cross-sections, but also may be of
a constant thickness. By proper alignment of the larger
regions of the ACICR or the partial sectors with the
eye’s anomalies, the astigmatism may be alleviated.

The devices for forming the intrastromal

pathway into which these ICRs‘may be placed is well
25 known. - |

10

20

Brief Description of the Drawings ,
Figure 1 is a schematic representation of a

horizontal section of the eye.

30 - 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
35 resides within the cornea.

This is the replacement shest
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Nbr e typically, the regions of |arger dinmension wll
+to about 180[err] of an arc on the ring. The
remedy such conditions as 10

subtend 10[err]
| arger values are to

ker at oconus i n which (typically) a
significant angul ar portion the cornea is thinned or, at |east,
significantly | ower (flatter) in-profile than other portions of the

cornea. Such regions typically subtend 15 140 45[err] of the ring arc
in correction of typical astigmatic conditions. 15 Consequently, for nost
conditions, the arc should be at - | east about 2[err], preferably about
10[err] to 90[err], noreFigurephefizr ablsidehartodsectionm odf|tche |ACETR

however tailorggthgn he %8' gﬁgion of the noted astigmatismin a
particul ar eye. - gpecha corrections up to 340[err], although typically
of up 20 to 180[-err], &Figuwe Snd&d aarfrantakceisw shewipa@theeci al

placement of the ACICR within the eye.
5 ' 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 featﬁre of the invention
10 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 cdmposite ring in which a portion
of the ring uses a swellable polymer. _ o
15 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.

20 D ipti of the I tiof
' 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.

Figure 1 shows 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).

25

The globe (10) of the eye consists of three
30 concentric coverings enclosing the various transparent
media through which the light must pass before reaching
the light-sensitive retina (12). The qutermost covering
is a fibrdus protective portion the posterior five-sixths
of which is white and opaque and called the sclera (13),
_and somgtimes referred to as the white of the eye where

35
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C|rcunstances of astigmatismare encount er ed. When nultlple
ssections of added di nension are used, each sectlon may be of the

subt ended arc sizes . | i sted above for the single arcs. Cearly though,
‘the 25 sum of all of the subtended arcs for the nust be |ess t han

350[err] or so. Figure 6 shows a frontal view of an ACCCR in
whi ch the regions of added di nension are gggerally symmetrical. The

regi ons of added di mension (54) are 30 shown each to extend over a region
of about 90[err] of the ACICR Figure 6 also shows a transition zone

(52) bet WG%E:L%gg eocRnd eadind Due AhddgidhcoREUBRREN] ¥E! Yhis
I nner region at The transition zone all ows CCRto be
inserted into aﬂtﬁﬁtiéyﬁFb#ﬁ theyhransparent cornea ?11?'
A middle covering is mainly vascular and
nutritive in function and is comprised of the choroid,
5 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
anterior portion of the middle covering of the eye and is
10 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
the amount of light which reaches the retina (12). It
15 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.
The innermost portion of covering is the retina (12),

20 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
(23) sexrving as a fiber tract connecting the retina part

25 ‘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)
into nerve impulses. -

30 The vitreous body (24) is a transparent
gelatinous mass whxch;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

35 depression houses the lens.

~ This is the replacement sheet

pate: {0 MAR.997



. -0-

10

15

20

25

30

35

gréater ease. W believe this permits installation of

-6-

The lens (17) of the eye is a trahsparent bi-
convex body of crystalline appearance placed between the
iris (16) and vitreous body (24). Its axial diameter
varies markedly with accommodation. A ciliary zonule
(25), consisting of transparent fibers passing between
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
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 wmeridian 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
thickens towards its periphery. Most of the refraction
of the eye takes place at the cornea.

Referring to Figure 2, a wmore detailed drawing
of the anterior portion of the globe shows the various
layers of the cornmea (1l1) 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
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 (1l).

An anterior limiting lawmina (33), referred to
as Bowman’s membrane or layer, is positibned 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
to the surface, some are oblique, especially anteriorly.

This is the replacement shest



the ACCCRwith less trauma. The arc (64) of | esser di rension i s shown

‘in Figure 6. As with the | ocal di ameters (54) and (56) of the ACICR as
shown in Figures 3 and 4, the percentage of arcs (60) and (64) and
their 5 respective relationship to each other are a function of t he

| evel of astigmatismto be corrected. The percentage of arcs of the
areas of added dinmension (60) and (64) are.. of the same relative sizes
as di scussed above in relation to Figure 5. 10 Figure 7
shows an ACICR with regions of enhanced di nensi on which are not pl aced

symetrical ly a posketidrhd initding'\dearinsu¢I4p isngeserrddbeoecanl oyed in
S Rl R 02 1514 bt 2003 RehBane oRaBBS X1
defined from the stroma (32) and resistant to
pathological processes of the cornea. _
5 - The endothelium (35) is the most posterior
layer cf 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
(11) on the other. |
10 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
portions of the anterior cornea or by inclusion of a non-
15 uhiform 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
ACICR within the cornea as discussed above. In this
20 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
the comparative widths in Figure 3. The relationship
25 between the local widths (54) and (S6), 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, filed
December 10, 1991. ' :
30 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

35 steepest slope in an effort to cbrrect the cornea to an:
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15 intent to bring the corneal shape back into general spheri cal
:form Al t hough we enphasi ze the use of rings which

encircle nost of the cornea, such encirclenment is not - critical to the
i nsertion. For instance, the ACCCR nmay 20 be a sector of a ring having an
area or areas of varying -~ thickness (or_gwidth) or, for some astigmatic
mal adi es, a partial ring of a constant thickness or width properly.
placed may be an appropriate resolution of the mal ady. Each of the

variations di SCépp?Gxﬂﬁé@é“sﬁﬁ&rb@aﬂﬁe@r' Btal2asty ¥dAll, EHasd %&&

smal | -an arc as, 10- corneal circunference..
ring woul d be |ﬁ§?a?P58rFﬂrtﬁBrFﬁﬁ8r _ | amel | ar regions of the corneal

stroma by any of the The regions of added dimension are critically
‘tailored to correct the astigmatism found in a particular
5 eye. In general, the regions (52) subtend an arc of at
least about 2° heasured from the center of the ring.
More typically, the regions of larger dimension will
subtend 10° to about 180° of an arc on the ring. The
larger values are to remedy such conditions as
10 keratoconus ;n which (typically) a significant angular
portion the cornea is thinned or, at least, significantly
lower (flatter) in profile than other portions of the
cornea. Such regions typically subtend 15° to 45° of the
. ring arc in correction of typical astigmatic conditions.
15 Consequently, for most conditions, thé arc should be at
least about 2°, preferably about 10° to 90°, more
preferably about 20° to 45°, all however tailored to
corréction of the noted aétigmatism in a particular eye.
Special corrections up to 340°, althcﬁgh typically of up
20 - to 180°, of subtended arc are acceptable when special
circumstances of astigmatism are encountered.

When multiple sections of added dimension are
used, each section may be of the subtended arc sizes
listed above for the single arcs. Clearly though, the

25 sum of all of the subtended arcs for the must be less
than 350° or so.

Figure 6 shows a frontal view of an ACICR in
which the regions of added dimension are generally
symmetrical. The regions of added dimension (54) are

30 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 allows the
ACICR to be inserted into an intrastromal channel with
greater ease. We believe this permits installation of

35
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nmet hods we have shown in the past to be suitable for such 30

‘installation. Particularly desired is the process and its allied
apparatus shown in U S. Serial No. 07/867, 745, CORNEAL VACUUM
CENTERI NG GUI DE AND DI SSECTOR, filed April -4, 1992. In general, the
ring is installed in the followi ng manner: a small radial incision is
made at the radi us in which the ring'1§_ultinately to be installed

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
3 and 4, the percentage of arcs (60) and (64) and their

S respective relationship to each other are a function of
the level of astigmatism to be corrected. The percentage
of arcs of the areas of added dimension (60) and (64) are

of the same relative sizes as discussed above in relation
to Figure S.

10 Figure 7 shows an ACICR with regions of

' enhanced dimension which are not placed symmetrically
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

15 intent to bring the corneal shape back into general

spherical form. ' _

Although we emphasize the use of rings which
encircle most of the cornea, such encirclement is not
critical to the insertion. For instance, the ACICR may
be a sector of a ring having an area or areas of varying
thickness (or width) or, for some astigmatic maladies, a
partial ring of a constant thickness or width.pfoperly
placed may be an appropriate resolution of the ﬁalady.
‘Each of the variations disclosed herein may be used in a
25 variation covering as small an arc as 10°-15° of the

corneal circumferénce. ,

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

30 installation. Particularly desired is the process and
its allied apparatus shown in U.S. Serial No. 07/867,745,
CORNEAL VACUUM CENTERING GUIDE AND DISSECTOR, filed April
4, 1992. 1In 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

20

35
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-10- about the cornea. A dissector in the formof a split ring
sand having a point suitable for producing an i nterlanel | ar channel or
tunnel in the corneal stroma is introduced through the snmall incision
and rotated in such 5 a fashion that a generally circular channel is often
(but not necessarily) forned conpletely about the cornea. The
di ssector is then rotated in the opposite -diO-ection to - wthdraw it from
the tunnel thus formed. An ACICR is - then introduced into the circular
channel and j oined at - . .

about the cornea. A dissector in the form of a split

ring and having a point suitable for producing an

interlamellar channel or tunnel in the corneal stroma is

introduced through the small incision and rotated in such
5 a fashion that a generally circular channel is often (but

' not nécessarily) formed completely about the cornea. The
dissector is then rotated in the opposite direction to
withdraw it from the tunnel thus formed. An ACICR is
then introduced into the circular channel and joined at

10 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 junctioh is held
together by the interlamellar tension of the cornea.

15 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

20 (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 pbinted
tool (74) into the depressions and slipping the ring (70)

25- around in one direction or another until the regions of

' added dimension are in aﬁpropriate position for
correcting the astigmatic aberrations of the cornea.
Other variations on this will be apparent to those
studying the need to adjust the position of these rings.

30 The materials used in these rings are typically

stiff physiologically 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

35
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10 its ends. |1CRs of constant cross-section typically need no further
:adj ustment ot her than, perhaps, to nove the poi nt of junction away from
t he regi on of corneal incision so to help assure that the junction is
hel d together by the interlanellar tension of the cornea. 15 However,
with an ACICR, the relationship of the ring and the astigmatic

aberration nust be aligned so to allow the ACICR to performits
desired correction. In Figure 8, one Xtich method for adj usting the
posi tion of the ACICR in the eye i's shown. The radial incision (66) in

chown. The ACREE (oybs - SpHESErigcLTy’ ﬁ%%?ié?f‘%*ﬁﬁ#ﬁmw%%%%%%?about
its upper surfEM¥A e polengohistoriein ophtbadmqlngigal urage Andg
engagi ng a gengdigedquéRtclls quite desirable for use in these ACICRs.
However, another desirable variation 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 9A
shows a cross-section of an ACICR having a central
portion (76) of a polymer such as PMMA and two regions
10 (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-
acrylate (Poly-HEMA) or polyvinylpyrrolidone (PVP). The
extent of crosslinking in these polymers determines the
15 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
with water. -SOme materials used in soft contact lenses
will contain up to 99% by volume water. In any event,
20 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
portioris after insertion into the cornea and after they
have been allowed to hydrate and swell. This variation
25 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 aberrationms.
The ACICR (80) shown in Figure 10 is one in
which the thickness of at least one portion of the
30 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
may be one or more depending upon the qpherical
aberration to be corrected. The typical ACICR likely-
will have two thicker regibns about 180° apart on the

35
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tool (74) into the depressiors and slipping the ring (70) 25 around in one
sdirection or another until the regions of added di nension are in

appropriate position for correcting the astigmatic aberrations of the -
cor nea. QO her variations on this will be apparent to those .
studying the need to adjust the position of these rings. 30 The
materials used in these rings are typically, stiff physiologically .
accept abl e pol ynmers such as polynethylnethacrylate (PMVR), TEFLON,

pol ycar bonat e, pol yol efins such as pol yethyl ene, polypropyl ene, 35

po: ybutyl ene, apthdgheiThél ¥iHgehagNBel Betweehy Ecut W5% and moild itdRie
potymer or |ntergbugnf£0§uchT 2 %B%tgg%gnofné%e arc which are thicker

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

5 | Figure 11 shows another variation 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
discussed above. The peripheral portions (90) comprise a
swellable polymer which swells upon contact with -

10 moisture. As with the composite ACICRs above, they may
be introduced into the eye prior to hydration, adjusted
into proper position, and ailowed to hydrate and swell
into final shape.

The terms and expressibns which have been used

15 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.
It is recognized that one having ordinary skill in this
art would perceive equivalents to the inventions claimed

20 below which equivalents would be within spirit of the
invention as expresséd above.

25

- 30
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art to be appropriately used in hard contact

: _ | enses. PMMA has a | ong
-history in ophthal nol ogi cal usage and '

-

> T

I CLAIM AS MY INVENTION:

1. A split biocompatible polymeric ring for
s the correction of astigmatism in an eye having a cornea,
which ring has a cross-section, which ring is suitable
for introduction into the corneal stroma and has a
circumference sufficient to substantially encircle within
the cornea, in which the cross-section of the ring has at
10 least two areas of comparatibely larger dimension than
other cross-sections of the ring and allow the ring to be
rotated in the cornea and where the areas of
comparatively larger dimensions subtend more than about
2¢ of the arc of the ring and are selected to.
15 substantially correct said astigmatism.

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

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

4. The ring of claim 2 in which the regions of
25 comparatiyeiy larger dimension are spaced apart on the
circumference of the ring at an angle measured from the
center of the ring between 45° and more than about 180°.

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

6. The ring of claim 1 additionally comprising

35 adjusting means for positioning the ring in the eye.
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consequently Is quite desirable for use in these AC CRs. However
‘anot her desirable variation is shown in Figures 5 9A and 98 I'n thIS

vari ation, the added di nension conprises a polyner @d .
or expands upon continued contact with water. For inst
shows a cross-section of an ACICR having a central por

pol ymer such as PMVA and two regions 10 (3/8) bonded to the |nner and
outer periphery of central portion (76). Quter portions (78) may be
made of a crosslinked polymeric gel such as pol yhydroxyet hyl net hyl -
acryl ate (Poly-HEMA) or pp| yvriy! pyrgobEdenaiaPYPin WhSch theXicedissf
crosslinking in these gﬁ;%ners dgﬁern&nes the 15_ extent tq gaglq the
pol yners will S&EETUD JiQEe than tyR agefs Kk sompParatdy;

hi gher the ext emtoss-section.

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

of comparatively larger dimension are not symmetrical
about the ring.

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

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

15 11. The ring of claim 10 where the polymer
comprlses polymethylmethacrylate.

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

20 .

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

25 14. A split bipcompatiblé polymeric ring for

the correction of astigmatism in an eye having a cornea,
which ring has a cross-section, which ring is suitable
for introduction into‘a previously formed intrastromal
channel encircling the cornea, has a circumference
30 sufficient to substantially encircle within the cornea,
in which the cross-section of the ring has at least one
area of comparatively largér dimension and, in which the
ring may be rotated within the previously formed
intrastromal channel and allow the ring to be rotated in
the cornea and where the areas of comparatively larger

35
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crosslinking, the |ower the volune increase upon contact .

Sonme materials used in soft contact |enses wll contain up to 99% by
vol-ume water. In any event, 20 Figure 9A shows the b 1 ns
(78) in their dehydrated condition (if the polyner u

crosslinked) and.Figure 9B shows those sane outlying ter

i nsertion into the cornea and after they have been allowed to hydrate
and swell. This variation 25 of the inv&Afive ACICRs allows the device
to be inserted at a nmuch smaller size but allows the ring to swell to

correct much | 41gehs 2BAE" 8ub@Rtd more than about o Al Fhd 82csGeVpRLD
Figure 10 is one In Ich the thickness of at_|east one portion Bf the
30 regions i&ingj apdr arg2peliestathihgubskaneiably t conreet)said

astigmatism.

5 . 15. The ring of claim 14 in which the cross-
' section has twec areas of comparatively larger dimension.

16. The ring of claim 14 in which the areas of
larger dimension have transition regions to the areas of
10 smaller dimension.

17. The ring of claim 15 in which the regions
of comparati?ely larger dimension are spaced apart on the
circumference of the ring at an angle measured from the

15 center of the ring between 45° and more than about 180°.

18. The ring of claim 17 in which the two
areas of comparatively larger dimension are spaced on the
circumference of the ring about 180° apart on the ring.

20
19. The ring of ¢laim 14 additionally
comprising adjusting means for positioning the ;ing in
the eye. '
25 20. The ring of claim'14 in which the cross-

section has more than two areas of comparativély larger
cross-section. .

21. The ring of claim 15 in which the two
30 areas of comparatively larger dimension are not
symmetrical about the ring.

22. The ring of claim 14 so that the ends of

35 the split ring are joinable.
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of the ring. As with the ot her ACI CRs depicted in Figures 3-7, the

: nunber of thicker portions of the ring nay be one or nor e dependlng
upon the spherical - aberration to be co

rr.ec
li kely will have two thicker regions about 180[err] ,m "ﬂ”"”lﬁ"
. -=16-

23. The ring of claim 14 comprising one or
more physiologically acceptable polymers.

24. The ring of claim 23 where the polymer
5 comprises polymethylmethacrylate.

25. The ring of claim 23 additionally
comprising a swellable polymer. '

10 - 26. The ring of claim 25 in which the
" swellable polymer is selected from

polyhydroxyethylmethylacrylate and polyvinylpyrrolidone.

27. A split polymeric ring having a cross-
15 sectlon which ring is suitable for introduction into the
stroma and adapted to encircle at least a portion of the
cornea and having a cross-section.

28. The ring of claim 27 in which the ring
20 partially encircles the cornea.

29. The ring of claim 28 in which the cross-

section has at least one area of comparatively larger
d1mensxon. '

25
' 30. The ring of claim 28 in which the cross-
section has two areas of comparatively larger dimension.

31. The ring of claim 30 in which the areas of .
30 larger cross-section have transition regions to the areas
of smaller dimension.

32. The ring of claim 27 additicnally

comprising adjustlng means for positioning the ring in
the eye.

mmmmmwmmmmmm;
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-12 - ring. The ring may be between about 45 and more than about
*140[err]. The portions of the arc which-are thicker Thid §ReeHsS BednRe;

det erm ned dependi ng upon the astigmatism of the eye
Figure 11 shows anot her variation of the ACH CRs MMI ' |s a
conposite assenbly. The central portion (88) IS of t

the stiff polyners di scussed above. Th&7? peri pheral portions (90)

conprise a - swel | abl e pol yner whi ch swells upon contact with 10
mi sture. As with the CQHPOS“fﬁE/¥%ﬁ§&o@bgfgimtEeyigaxhich'the'cross-

section has more than two areas of comparatlvely larger -
cross-section.

5 34, The ring of claim 33 in which the two
areas. of comparatively larger dimension are not
symmetrical about the ring.

35. The ring of claim 27 comprising one or
10 more physiologically acceptable polymers.

36. The ring of clalm 35 where the polymer
comprises polymethylmethacrylate

15 37. The ring of claim 35 additionally
comprising a swellable polymer.

38. The ring of claim 37 in which the
swellable polymer is selected from polyhydroxyethyl-
20 methylacrylate and polyvinylpyrrolidone.

39. The ring of claim 27 which encirlces at
least 10° of the cornea.

- 25

30

35

NN R Y This fs the replacement shest
* c L M s * : .

‘Date: 10 MAR 1937



be introduced into the eye prior to hydration, adjusted into pr oper
*posi tion, and allowed to hydrate and swell into final shape.

The ternms and expressions which have been used 15 in the description
above are used as terns of description and not of limtation. There is

no intention of excl udi ng equi val ent sy @f the features shown or
descri bed. It is recognized that one having ordinary skill in this
art woul d perceive equivalents to the'inventions clainmed 20 bel ow whi ch

equi val ents woul d bnsmsﬂmmmmrm@ INTRASW GIORNEMX RB¥S ed
above.

' ABSTRACT

This invention is an intrastromal corneal ring (40)
("ICR") which is not uniform in dimension (54, 56). It has,
typically, two or more raised areas (or areas of additional
bulk) spaced apart from each other on the ring. This ring
design (40) when introduced into the stroma and properly
adjusted there,. permits at least partial correction of
astigmatism in the eve.

Figure 2
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1. Apolyneric inplant for treating astigmatism said inplant being adapted
‘for insertion into the cornea of an eye to effect refractive correction,
wherein said inplant conprises a nenber in the formof a sector of a-ring
having at | east one region of conparatively |arger dinmension than a region
adj acent thereto. 2. The inplant of claiml| wherein said ring
sector subtends an arc between about 10[err] and about 140[err]. 3.
The inplant of claim1 wherein said ring séf4or subtends an arc between
about 45[err]- 4. The inplant of claim1 wherein said
ring sector has i tion region between at |east one region
of conparati ve regi on

FIG. 9B
. : This 35 the replacement sheet

Date: 1 0 MAR 1997



adj acent thereto. 5. The inplant of claim1 conprising adjustment

‘means for position in the ring sector in the eye. 6. The inmplant of
claim 1 wherein said ring sector has at |east two areas of conparatively
| ar ger di nensi on. 7. The inplant of claim6 wherein two regi ons of

conparatively |arger dinension are not symetrical about the ring sector.
8. The inplant of claim1 wherein said nenber conprises a physiologically
accept abl e pol yner. 4l 4

T %

FIG. 10
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' on71S 7o
‘9. THe inplant of claims$8 wherein said nenber conprises

pol ynet hyl met hacryl at e. ' 10. The ‘i npl ant d)f ctxgpmﬁhm&rfesﬁdsm d. sa

menber conprises a swellable pol ymer . =deAphiant pakdcl ab a’l;Qrs
in which the-swellable polyner is selected from | r/ n’p gwﬁ .; tuni .

A
?,i .....

pol yhydr oxyet hyl net hyl acryl ate and pol yvi pyLpyrrol 5 ﬂa%d mTjh

I mpl ant of claim 1l wherein said Iarger di mensmnug’) A fj&h nke‘ ’§m g
13. The inplant. of claim1l wherein said |arger dinensi on is l*arsgef""l SRR
wi dt h. . !

CLAIMS - " ' | D&TE OF RECEPT..AML....

1. A polymeric impiant for treating astigmatism, said implant being adapted for
insertion into the comea of an eye to effect refractive correction, wherein said implant
éomprises a member in the form of a sector of a ring having at least one region of

comparatively larger dimension than a region adjacent thereto.

2. The implant of claim 1 wherein said ring sector subtends an arc between
about 10° and about 140°. |

3. The implant of claim 1 wherein said ring sector subtends an arc between
about 45° and about 140°.

4. The implant of claim 1 wherein said ring sector has at least one transition
region between at least one region of comparatively larger dimension and a region

adjacent thereto.

5. The implant of claim 1 comprising adjustment means for position in the ring

sector in the eye.

6. The implant of claim 1 wherein said ring sector has at least two areas of

comparatively larger dimension.

7. The implant of claim 6 wherein two regions of comparatively larger

dimension are not.symmetrical about the ring sector.

8. The implant of claim 1 wherein said member comprises a physiologically

acceptable polymer.

9. The implant of claim 8 wherein said member comprises

polymethylmethacrylate.
10. The implant of claim 8 wherein said member comprises a swellable polymer.

11. The implant of claim 10 in which the swellable polymer is selected from
polyhydroxyethylmethylacrylate and polyvinylpyrrolidone.

12. The implant of claim 1 wherein said larger dimension is larger in thickness.

13. The implant of claim 1 whereip said larger dimension is larger in width.
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ASTIGMATIG CORRECTING INTRASTROMAL CORNEAL RING

 ABSTRACT

This invention is an intrastromal corneal ring (40)
("ICR") which is not uniform in dimension (54, 56). It has,
typically, two or more raised areas (or areas of additional
bulk) spaced apart from each other on the ring. This ring
design (40) when introduced into the stroma and properly

adjusted there, permits at least partial correction of
astigmatism in the eye.

Figure 2
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