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This invention is a hybrid intraatromal corneal
ring ("ICR") coﬁpriaing at least one cuter layar of a
physiclogically compatible polymer having a low modulus
of elasticity, which polymer may be hydratable and may be
hydrophilic. The inner porcion.of the ICR may be hollow

or may contain one or more physiologically compatible
polymers. '

Backaround of the Invention

Ancmalies in the overall shape of the aye can
cause visual disorders. Hyperopia (“farsightedness®)
occurs when the front-to-back distancé in the eyeball is

too short. In such a cage, parsllel rays originating

greater than 20 feet from the eye focus behind the
retina. In contrast, when the front-to-back distance of
eyebzll ig too long, mycpisa ("nearsightednesg®) occurs
and the focus of parallel rays entering the eye occurs .in
front of tha ratina. Astigmatism {8 & condition which '
occurs when the parallel rays of light do not focus to &
single point within the eye, but rather have a variable
focus due to the fact that the cornea is aspherical and
rafracets light in & different maridien at different
distances. Soma degree of astigmatism is normal, but
where it is pronounced, the agtigmatism must he
corrected.

Hyperopis, myopia, and astigmectism are usually
corrected by glasses or conctact lenmegs. Surgical machods
for the correction of such dizorders are known. Such
methods'iuclude radial keratotomy (gee, e¢.g9., U.S.
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Patents Nos. 4,815,463 and 4,688,570) and laser corneal
ablation (aee, e.g., U.S. patent No. 4, 941 0%3).

T. Atothar mathod for correcting those disordera
is through the implan:&cion of polyme:ic ringe {n the
eye’ s cormeal Etroma TO change the curvature of the
cornea. Previous work involving the implantation of
polymethylmethacrylate (PMMR] rings, &llograft cornaeal
tisgue, and hydrogels is well documented. One of the’
ring devices involves & gplit ring design which isa
ingerted intoc a channel previougly diseected in the
stromal layer of the cornea. A minimally invasive
inci{sion ig used both for producing the channel and for
{implanting the implant.

The use of ICRs made completely of cerxtain
hard, hydrophobic polymars ig knowa. For inastance, in
the article *Intrastromal Implantation Eines Juatierbaren
Kunststofforings Zur Hornhautrefraktionsandarung®,
Harrmann et al., _ '
pages 465-475, the use of intrastromal ring implants of
rings of silicome, polymechylmathacrylate {(*PMMA"), and
fluorocarbons (“TEFLON®). Other digclosure¢ of the use
of PMMA in such intrascromal rings is fourd in U.S.
Patants 4,452,235 to Reynolds:; 4,671,276 to Raynolds;
4,766,895 to Reynolds; and 4,961,744 to Kilmer et al.
These documents do not suggest the use of rultiple layers
of differing materizls in the ICRa.

The use of aoft polymers as intraetromal
inxertes is not widely known. For {natance, U.S. Patent
No. 5,080,955 to Simon, suggests an ICR which {g made by
introducing a gsettable polymer into an intrastromal
channel which hae been previocusly made and allowing the
polymer to set. This procedure does not allow the
surgeon to specify the size of che resulting ring nor is

it a process which allows coantrol of the flowing polymer
wichin the eye.
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Temirov &L al, "Refractive circular tunnel
keroplas:y in the correction o:'high myopia®, Vestnik
otcalmologii 1991: 3-21-31, suggeats the ugse of collagen
thread as ICR material.

They specifically do not suggest the use of

goft or hydrophilic polymers insertable into the cornea
as ICRs.
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Summary of the Invention

Thig invention ig a hybrid intrastromal corneal
ring comprising at least one outer layer of a soft, low
modulus, often hydrophilic, phyeioclegically compatible
polymarx. )

The portion of the ICR imside that cuter layer
may be hollow and adapted to be fillable with a bioclogic
agent, drug or other liquid, emuleified, or time-releass
eye treatment material. The inner portion may comprise
variously & core of a high modulus, physiologically
compatible polymer or a further composite of a low
modulua polymer or a high modulus polymer core or a high
modulus polymar or a low modulus polymer core. The inner
portion may comprise a polymeric material which is
polymarized {a situ after incroducciou {nto & hollow
centexr layer.

The term "high modulus polymar® is meant to
include physioclogically compatible polymers such as PMMA;
TEFLON; certain longer chain wilicones; polycarbonate;
and polyoclaefing such as polyethylene, polypropylene,
polybutylene, their mixtures or other polyolefin
interpolymarg. The term "low medulus polymar® is meant
to include ph?siologiéally compatible polymers and
hydrogels, auch ax polyhydroxyethyl methscrylate (*poly-
HEMA*) or polyvinylpyrrolidone (“PVE"} or elastomeric
mataerialas and bioclogic polymers such ag crosslinked
dextran, hyaluronic acid, and heparin or the like. The
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low modulug hydratabla polymers, in any case, "may be of
the type which is sufficiently cross-linked such that
they do not gwell upon contact with water {(and subsequent
hydration) or of the cype which-swells when hydrated.
Additionally, the clases of low modulus pblymera ig meant
to include elastomeric polymers, e.g., latex rubber,
colloids of polyester and polyether, polyurethanss&, lower
molacular weight siliconaes, isopreni. and the like, which
are stable and physiologically compatible. Finally,. the
low modulus polymer may ba a reinforced hydrogel such as
an interpenecrating natwork of polymarized vinyl
pyrrolidone and methyl methacrylate.

Our ICRs may be implanted into che grroma using
a number of known tecnniquea. It hydratahle polymers are
used, they may be hydrated before or after introduction
into the intragtromal passageway created by the surgical
device used to introduce thesa devices into the eye. If
the cuter layer ism hydrated before insertion into the
eyes, the ‘tins) eize of the ring 4{s set before that
{nsartion. If the hydratable polymers are allowed co
hydrate within cthe corneal space, the device (if
appropriate polymers are chosen) will swell within the
‘eye to its final size. 1If prehydrated, the cucar 1&yar
often provides a measure of lubricity to the ICR,
allowing it to ba inzerted with greater ease. Other of
the noted low modulus polymers may alac providae such
luhricity.

This invention allows for adjustment of ICR
thickneas and diameter and provides & softer interface
between a harder polymer core and corneal tissue.

- .
Figure 1 {g a schematic illugtration of a
horizontal section of the eye.
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Figure 2 is a gchematic illustration of the

anterior portion of the eye showing the variocus layers of
che cornea. '
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Figure 3 ghows the step of inserting the
inventive ICR through an incision in the cornea.

Figure 4 shows, in partial croes-gsection, the
anterior portion of an eye with the hybrid ICR installed.

Figures SA and 5B show, in cross-saction,
respectivaly, an unhydrated and a hydrated ring {n which
the hydratable, low modulus polymer is placed on only two
surfaces.

Figure 6 shows in crose-section an unhydrated
hybrid ICR in which the hydratable, low modulus polymer
completely coats the ring.

Figure 7 eshows & multiply coacted ICR.

Figure 8 shows, in cross-gection, an ICR
compriging a swellable, low modulus polyﬁer.

Figures 9A and 9B ghow, in cross-section, an
ICR compriging a fillable ghall which {s nonhydrated in
Figure 9A and hydrated and swollen in Figure $B. The
?iguré 9B ICR contains a fluid.

Figures 10A and 10B show & baffled soft ICR.

Pigure 11 shows an end-to-end ICR connmactor
which permits introduccion of drugs or a settable
polymer.

Description of the Invencion

Prior to explaining the details of the
inventive devices, a ghort prl&nation of the physiclogy
of the eye is needed to appreciate the functional
relatiocnship of the ICR to the aye.

Figure 1 shows a horizontzl crogs-section of
the eye with the globe (10} of the aye resembling a

sphere with an anterior bulged spherical portion
repraganting the cornea (11}.
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The globe (10) of the eye consiscg of three
concentric coverihga encloeing the varioug transparent
media through which the light muac pass before reaching
the light-gsensitive 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),
and sometimes referred to ag the white of the eye where
vigible to the front. The anterior ocne-sixth of thisg
outer layer igs the tranaparent corunea (11).

A middle covnting is mainly vascular and
nucritive in function and is made up of tha choroid,
ciliary body (15), and iris (20). The choroid generally
functions to maintain the retinma (12). The ciliary body
(1S} is involved in suspendinog the linﬂ {17) and
accommodation of the lens. The iris (16) is the most .
anterior portion of the middle covering of the eye and ism
arranged in a frontal plane. It is a thin circular disc
similar in function to the diaphragm of a camera, and isg
perforate near ite center by a circular aperture called
the pupil (20). The gize of the pupil varies to regulate
the amount of light which resches tha retina (12). It
coaotracts &lso to accommbdation, which serves to sharpen
the focus by diminishing spharical aberration. The iris
dividaes the space betwaan the cornea (11) and the lens
(17) into an anterior chamber (21} and postarior chambar.
The innermoat portion of covering is che retinz (12},
consisting of nerve elements which form the true
raceptive portion for visual impreseions.

The racina (12) {s a part of the brain arising
ag an outgrowth from the fore-brain, with the optic nerve
(23) gerving ag a fiber tract connecting the retina part
of the brain with the fore-brain. A layar of rods and
coenes, lying just baneath a pigmented epithelium on the
antarior ‘wall of the rétina serve as visual cells or
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photoreceptors which transform physical energy . (lzght)
into nerve impulses.

- The vitreous body (24) ig & transparanc
gelatinous mass which fills the posterior four-fifths ot
the globe (10). At its gides it supports the ciliary
body (15) and the retina (12). A frontal gaucer-shaped
deprassion houses tha lens. _

The lens (17) of the eye is a trangparent bi-
convex body of crystalline appearance placed between the
iris (16) and vitreous body (24)}. Itg axial diamecer
varies markedly with accommodation. R ciliary zocnule
(25),'conaisting of ctransparent fibers paseing betwean
the ciliary body (15) and lens (17) servas to hold the
lena (17). in position and enablas the ciliary ruscle to
act on it.

Rcferring again to the cornea (11), this
outermost £ibrous transparent coating resembles a watch
glass. Its curvature is somewhat greater than the rest
of the globe and is ideally spherical in naturs.
Rowever, often it is more curved in one meridian than
another giving rise to astigmatism. A central third of
the cornea ig called the optical zone with a sliight
flattaning taking place oucwirdly thareof as the cornea
thickens towards its periphery. Most of the refraction
of the eye takes place through the cornea.

Pigure 2 is a more datailed drawing of the
anterior portiocn of the globe showing the variocus layers
of the cormea (11) making up the epithelium (31).
Epichelial cells on tha gurface thereof fuaction to
maintain transparency of the cornea (11). These
epithelial cells are rich in glycogen, anzymes and
acetylcholine and their activity regulates the cdrneal
corpuscles and controls the tranaport of water and

electrolytes through the lamellae of the atroma (32) of
the cornea (1i).
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An antarior lim{ting lamella (33), refarred to
as Bowman’s membrane or layer, is pasitioned batwaen the
apf{thaelium (31) and the stroma (32) of the cornea. The
stroma (32) is madé up of lamellae having bands of
fibrilx parallel to each other and crossing the wvhole of
the cornea. While most of the fibrous bands are parallel
to the surface, some are oblique, aegpecially anteriorly.
A posterior limiting ltnin&'(34) is referred to ax
Descenet’s mambrane. It iz a gtrong membrane sharply
dafined from the stroma {32) and resistant to
pathological processas 6: the cornea.

The endothelium (3S5) is the most posterior
layer of the caornea and consists of a single layer of
cells. Tha 1lirbus (37) {e the transition zone between
tha conjunctiva and sclera on the one hand and the cornea
(11) on the cther.

Figure ) shows the completicn of the step of
'insarting the hybrid ICR intc the corneal stroma.
Techniques such as that shown {n our copanding '
application serial no. 07/867,745, are suitable for
preparing the eye and insarting the ICR into the
appropriately prepared intcrlangllarlctronal channel.
Generally the ICR i{s installed in tha following pannar:

_ A small redial incision is made at the corneal radius in
vhich the ICR is ultimately to be instailed about the
cornea. A dissactor in the form of & split ring having a
point suitable for producing tha interlamellar channel in
the corneal stroma ig introduced into the stromal space
through the small incision. It {s then rotated in such a
fashion that a generally circular channel is formed
completaly encircling the cornea. The digsactor is then
rotated in the opposite direction to withdraw it from the
tunnel or channel thue formead. An ICR is then introduced
into the circular  channel and joined at its ends. Hybrid

-f -
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ICR8 -having partially hydrated polymers on their outer
periphery are typically slippery and conseqQuently may be
inctroducad into the intarlamallar tunnel with great ease.
It {s usually desirable to (at least partially)} hydrace
the hybrid ICR in that, otherwise, the ICR during ita
traversa through the tunnel may desiccate the path and
begin to stick to the i{ntericr wall of the tunnel. The
ICR may be lubricated with guitable ocular lubricants
such as hyaluronic acid, methylethyl cellulose, daxtran
solutions, glycerine solutions, polysaccharides, or
oligoaacch&ridcl'upon its introduction to healp with tha
insertion particularly if one wigshes to ingert the hybrid
ICR without any hydration.

Figure 4 shows, in cross-gection, the anterior
portion of the gye with tha hybrid ICR (50) {nsaerted.
Subsequant to the insertion, the ICR (50) will swell to
its final gize or thickness (53) within the eye. This
swelling permi{tg the incluaion of larger ICRs« than would

normally be accommodated within normal sized intrastromal
channels.

-g.

Pigure SA shows in cross-section tha hybrid ICR
having inner and outer faces (54) comprising polymers
having low moduli of elagticity. Low modulus polymers
are thoase having & modulus of elasticity below about 3,5
kpei, more prefearably between 1 psi and 1 kpai, and most
preferably betwean 1 psi and 500 pai. They must be
phyniologié&lly compatible with the eye. Moat polymaric
materials used in soft contact lenses sre suitable for
the outer layer contemplated in thig inventicn., 1In
addition, the class {ncludes physiologically compatible
elagtomera such a polyacrylates, lilicodcu. isoprene, and
the like. Additionally, low modulus polymers include
biclogic polymars such as crosslinked dextran,
crosglinked heparin or hyaluronic acid.
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Tha inner portiom or core (56) as shown in
Figure SA ig a physiologically compatible polymer having
& high modulus of elasticity: R high modulus of
alasticity is considered to be greatear in value than
about 1.5 kpsi, preferably 5§-12 kpsi, and most preferably
8-10 kpsi. These polymers are typically stiffer and may
be matarials such as polymethyl methacrylate (PMMA],
TEFLON, longer chain gilicone polymers such as ara used
in hard contact lense@. Additionally, suitable polymaers
include polycarbonates; polyolefing such as polysthylene,
polypropylene, and polybutylena, their mixtures and
polyoletin.interpolymers. block copolymers and the like.

The extent to which the outer layers swell upon
‘hydration is dependent upon the type of polymer chogen
and, whan the polymer is ‘hydratable, upon the amount of
cross-linking found in the outaer layers (54), and on the
thickness of the layer. Generally speaking, the more
highly linked the hydratable polymer, the gmaller the
amount of volume change upon hydration. Convargaly, a
polymér having only sufficient cross-linking for strength
in the gervice in which this device ig placed, will have
& gomewhat lower level of cross-linking. Alterunatively,
a substantially nonswellable polymer system may be formed
of & hydrogel physically interpenatrated by another
- polymer which does not hydrate, e.g., polyHEMA. See,
polyacyluitrite. .

The thickness of the outer layer depends in
large function upon the intended use ¢f the ICR. PFor'
inscance if the outer layer {& to be used as a container
for an inner volume of a setrable polymir or drug, the
outer layer may be refatively thicker. If the cuter
layer {s used to provide a swellable cuter layer which
doeg not add gignificantly to the gize of.the ICR or is
used functionally as a lubricant layer, the other layer

210 -
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may be quite thin even to the point of a layer of minimum
coverage, parhaps &s thin as a molecule thick.

) Figure SB shows the hybrid ICR of Figure Sa
after it has been completely hydrated and the polymer
faces (34) have swollen to their largest extant.

The inventive deavice shown in Figures 5A and sB
may also be usad in the instance where a lov modulus
covering is not placed over the entira outside surface of
the ICR. For instanca, to alleviate astigmatism, an ICR
having a thick portion and a thin portion may be desirad.
An ICR having an inner cocre of a high modulus polymer and
an outer covering of a swallable polymer might ba chosan.
The surgeon would remove & portion of the ICR’s exterior
coating or face pricr to introducing the ICR into the
eye. Such an ICR and its use are described more fully {n
Serial No. 07/919,492. |

Figura € shows a hybrid ICR in which the cora
(56) is of high modulus polymeric material such as
nent{oned above. In this variation the cuter surfzce is
completaly coated with a swellable polymer or polymeric
gel such as those diccussad above. Again, the
compogition of ocuter covering (58) may be of & hydratable
polymer gystem vhich is sufficisntly cross~linked that
the polyner does not swell appreciably upon hydration.
Altarnatively, the covering (56) may be cross-linked only
80 much as to allov substantial swalling of the ocuter
covering eithar before or after {insertion into the eye.

Fiqure 7 showe ancther variation of the
inventive hybrid ICR. In this variant of the inventive
hybrid ICR, the inner high modulus core (56) is
surroundgd by more than one lafcr, apecifically, an
intermadiate layar (60} and an outar layer (62). This
hybrid ICR may ba appropriate when the outer layer (62)
is difficult te bond to the core (56). An intermediate
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layer (60) which bonds both to the core (56) and to the
outer layer (62} may be uged. Intermediate layer (€0}
typitally would not be a polymer which swalls appreciably
upon hydraticn legt it split outer layer (€2). Outer
layer (62) may either swaell upon hydration, ag is shown
in Figqure 7, or may remain at approximately the same size

. upon hydration if a suitably low modulus polymer system
is chosen.,

~12-

Figure 8 gshows an ICR made of a low modulus,
hydratable polymer such as those digcussed sbove. Since
thegse polymers often lose subatantial mechanical strength
upon hydration, these ICRS would ba ingerted into tha
intragtromal space prior to being hydrated or with the
asgigtance of a tool either before or after hydration.

Figure SA shows an ICR made of & low modulusg
polymer gystem hydratable ocuter coating (66} and an inner
cavity (68). This ICR may be inserted intoc the
incrastromal space created by the dissector (as daucribedif
above) as a covering on & tool similar to the disgsector
which created the intracornesl channel. Once in position
the ingertion tool is rotated out of the ICR leaving the
ghell within the stroma. '

Rlternatively, the ICR may be intrdduced into
the intrastrcmal channel as the diggector is fully
rotated {n place, attached to the lemding edge of the
dimsector, and pulled into the incrastromal channel as
the digaector {s rotated out of thes eye.

Figure 9B shows the ICR of Pigure SA upon
completion of the hydration in that the outer covering
(66) {8 gwollen to its largest exteant. Purthermore, the
inner cavity (68) (Pigure SA) may ba filled with a
bieclogic, drug or other liquid, or bioclogically active
eye treasatment material. Thesma devices miy be riad or

otherwige connected at theair point of ingertion by known
cachniques.
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The sghell may be injected with a gettable gofc
polymer core and allowed to expand to a desired
thickness. Suitable injectable polymeru are well known
but include polyHEMA hydrogel, croas-linked collagen,
croas-linked hyaluronic acid, siloxans gels, and organic-
g@i{loxane gels such as croes-linked mathyl vinyl silexane
gels. The injected polymer sets after injection.

Figures 10A and 108 show a variation of the
inventive ICR (80} in which 'a polymeric ring containing a
number of chambers (82) separated by baffle walls (84)
which may have an optionxl hole (86) in the baffle wall
(84). Once the ICR is introduced into the eye, it may be
filled with a drug or biologic material via injection
with a guitable syringe through the ICR wall or into tha
end (88) of the tube. A settable polymer of tha type
discussed above may be introduced intc the chambers in
similar fashicn if a ring of variable bulk is requiraed.
It im also appropriate to include a gmmller £ill tube
(50) which extends through the end (88) of the tube (80)
through the holes (86} in the baffle walls (84). In this
way drugs, biologic agents, or sectable polymers may be
delivered in a specific fashion throughout the ring as
the £i11 tube {8 withdrawn from the ICR.

Fi{gure 11 showe a connector (92} gituated
batween the ende of an ICR (90). The ICR is a low
modulus pQlymer having a hollow center. The connactor
has a receiver port (94} muitablé for introducimg drugs,
bioclegice, or settable polymers into the interior of the
ICR. The connector has a passageway connecting the
receiver port (94) 4intoc the ICR intarior.

In the variadtion of the invention gpecified
jugt above and shown in ?igures 10A, 10B, and 11, the
wall or outer covering of the ICR may be a hydratable law
modulus polymer or an elastomer. If an elastomeric
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polymer is selected, the ICR may be injected wich a
sc::able polymer as specified.

The low modulug polymers used in this invention
are often abgorbent, particularly if they are hydratable,
and may be infused with a drug or biologic agent which
may be glowly releaged from the device after implantation
of the ICR. For ingtance, the low modulus polymer may be
loaded with & drug such as dexamethagone to reduce acute
intlummacory rasponse to implanc;ng the device. This
drug helps to prevent undesirable scarring or vascular
ingrowth toward the ICR. Similarly, heparin,
corticogteroids, antimitocrics, antiinflammatories, and
antiangiogenesis factore (such ag nicotine adenine
dinucleotide (NAD*)) may be included to reduce or prevent
angiogenegis and inflammation.

Clearly, there are a variety of other drugs
suicable for incluasicn in the ICR. The choica will
depend upon the uge to which the drugs are put.

_ The terms and expresgions which have been usad
in the description above are used only as terms of
deacription and not of limitation. There is no inteuntion
of excluding equivalents of the features shown or.
described. It is recognized that cone having ordiniry
gkill 4in this art would perceive equivalence to the
inventions claimed below, which equivealencé would be

"within the spirit of the invention as expresded above.



& —— o e

T A

-15-

Claims:

1. A split polymeric ring for treating astigmatism, said ring being adapted for
introduction into the cornea of an eye to effect refractive correction, wherein said ring has
a region of comparatively larger dimension than regions adjacent thereto.

2. The ring of claim 1 wherein said ring comprises an inner portion of a high
modulus polymer and an outer covering of a swelfable polymer, wherein said region of

larger dimension results from expansion of swellable polymer portions on said ring.

3. The ring of claim 2 wherein said swellable polymer is selected from the group

consisting of polyhydroxyethylmethylacrylate and polyvinylpyrrolidone.

4. The ring of claim 2 wherein said inner portion includes a cavity fillable to provide

said large dimension.

5. The ring of claim 1 wherein said ring includes two ends, multiple fillable

chambers and baffle walls, said baffle walls separating said chambers.

6. The ring of claim 5 wherein said each of said baffle walls includes a hole.

7. The ring of claim 5 in combination with a connector member for joining said ends

of the ring.

8. The ring of claim 7 wherein said connector member includes a receiving port.



