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| NSERT AND
A METHOD OF | NSERTI ON 5 Field of the Invention

This i nvent.i on¥P3%4403 nt r astronal corneal insert designed to %%”'6?’8’8”8‘. nt o
an interlarnellar pocket or channel nmade within the cornea of a mammalian

eye. ~ The insert has a shape which, when inserted into the cornea,
has a significant radial or meridional dinension and may be used
to adjust corneal curvature and 10 t hereby correct or inprove vision
abnarmalities such as hyperopia. The inserts nmay al so have a
circunferential conponent t oRADJAL RNFRAJTROMAK GORY NSERT

concurrent correction of other vision abnor ies. The radial insert may
be - * made of a physiologically conpatible naterial, e.g., one or nore
synt hetic or nat ural, sOAMETHOD OF INSERTIONuUs pol yners. In

addition, the insert or segment may
5 Ficld of the | .
This invention is an intrastromal corneal insert designed to be placed into
an interlamellar pocket or channel made within the cornea of 2 mammalian eye.
The insert has a shape which, when inserted into the cornea, has a significant
radial or meridional dimension and may be used to adjust corneal curvature and
10 thereby correct or improve vision abnormalities such as hyperopia. The inserts

may also have a circumferential component to their configuration to allow
concurrent correction of other vision abnormalities. The radiat insert may be

-~ = made of a physiologically compatible material, e.g., one or more synthetic or

' - natural, soft, firm, or gélatinous polymers. In addition, the insert or segment may

15 ="+ beused to deliver therapeutic or diagnostic agents to the corneal interior or to the
- interior of the eye.

One or more of the radial inserts of this inventi.on typically are inserted
into the cornea so that each subtends a portion of the meridian of the cornea
outside of the comea's central area, e.g., the area through which vision is achieved,

| 20 but within the comeﬁ's frontal diameter. Typicaily, the insert is used in amrays of
" ° 7 two or more to correct specific visual abnormalities, but may be used in isolation
when such is called for. The invention also includes both a minimally invasive
~ procedure for inserting one or more of the devices into the cornea using
procedures beginning within the cornea as well as procedures beginning in the

.25 ... sclera. The thus-corrected eye itself forms another aspect of the invention.

Background of the Invention
Anomalies in the overall shape of the eye can cause visual disorders.
Hyperopia ("farsightedness") occurs when the front-to-back distance in the eyeball

1

SUBSTITUTE SHEET (RULE 26)



15 be used to deliver therapeutic or diagnostic agents to the corneal
interior or to the I nterior of the eye. One or
nor e OL the radial inserts of this invention typically are inserted

into the cornea.so.that each subtends a portion of the neridi

cor nea WONHMIL| e of the conr ea'g central area, e.g. *%?ﬁgg‘é‘?’zé’

t hrough which vision is achieved, 20 but within the cornea's frontal
dianeter. Typically, the insert is used in arrays of . two or nore
to correct specific visual abnormalities, but nmay be used in isolation

when such is called for. The invention also includes both a mnimally.

I nvasi ve procedure for inserting one or, nore of tgﬁrfdeﬁiogg into '

_the cornea using istooshort. Insugh 8 gasecparaliel rays prigingting greqter then |
as procedures begi nni

forms anot her aspec?yeggc#ﬁgﬁpﬁtyégf@%nm&{gﬁ mﬂ-&eaxﬁoﬁﬂ%gg%egoﬁaggg?\é te thseIf

I nventi on g dresowedmmemeye&smmmfeﬁgmmowﬁwmmommaye can
cause Vi sua i sorders. . peropia ("farsightedness” ccurs when
the front-to-back cégingefien compromiseskanbility of the eye adequately to ccomtnodte- In

]F-’CT / US96/ 09 7?18) 96/ 4(90%& when the front-to-back distance of eyeball is too long, myopia
("nearsightedness") occurs and the focus of parallel rays entering the eye occurs in
front of the retina. Astigmatism is a condition which occurs when the parallel
rays of light do not focus to a single point within the eye, but rather have a
variable focus due to the fact that the cornea refracts light in a different meridian

107 -~ - atdifferent distances. Some degree of astigmatism is normal, but where it is
pronounced, the astigxhatism must be corrected. |
| Hyperopia, myopia, and astigmatism are usually corrected by glasses or
contact lenses. Surgical methods for the correction of such disorders are known.
Such methods include radial keratotomy (see, e.g., U.S. Patents Nos. 4,815,463
'1\5 - and 4,688,570) and laser corneal ablation (see, e.g., U.S. Patent No. 4,941,093).
A Another method for .gorrecting those disorders is through the implantation
of polymeric rings (mtrastromal corneal rings or "ICR's") in the eye's corneal
* stroma to change the curvature of the cornea. Previous work involving the
implantation of polymethylmethacrylate (PMMA) rings, allograft corneal tissue,
20 and hydrogels is well documented. One of the ring devices involves a split riﬁg
design which is inserted into a channel previously dissected in the stromal layer of
the cornea. A minimally invasive incision is used both for producing the channel
and for inserting the implant. See, for instance, the use of PMMA intrastromal
tings in U.S. Patents Nos. 4,452,235 to Reynolds; 4,671,276 to Reynolds;
25 4,766,895 to Reynolds; and 4,961,744 to Kilmer et al. These documents suggest
only the use of ICR's which completely encircle the cornea. .
The use of soft polymers as intrastromal inserts is not widely known. For
" instance, U.S. Patent Nos. 5,090,955 and 5,372,580, to Simon, suggest an ICR
which is made by introducing a settable polymer or gel into an intrastromal
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Is too short. In such a case, parallel rays originating greater than 20

feet fromthe eye focus behind the retina. Al though m nor annunts.
of hyperopia can be resolved in the human eye by a nuscul ar

action knomn dation", agi ng often conpr

ability of:the éV%ﬁ quately to accommpdate. In ﬁ%ﬁ§§¥&£ﬁﬁen
the front-to-back distance of eyeball is too. |ong, nyopla

("nearsi ghtedness") occurs and the focus of parallel rays entering the eye
occurs in front of the retina. Astigmatismis a condition which
occurs when the paraIIeI rays of light do not focus to a single
point within the eye, ther have a vari apl e focus du t.o the
fact that the corne@aPB?r ﬁbhqsubgmm‘ﬂ%lweeﬁnérﬁhm‘g?aﬂmm \

di fferent distances mg&gm@almﬂﬁégﬁ%ﬁ% SPBcify theride siZe\Uf i 1Rhiflting |

pronounced, the ast?rorratlsm must be correéected Hyper opi a
myopi a, and asti grrannsmrasnalpxmss whxcballwmemwogtrdsﬁebe pathway of the flowing

contagt |enses. Surgical mt or t e CII di sord S are
ey it sl st g siuge gFlne

o0

known.

Patents Nos. g, 815, ﬁ%ﬂM@M&?lt@Z@s}ﬁma&ﬁéptWhﬂﬁghmﬁ&EatlOn
(see, e.g., U S Patent No. 4,941, 093). Anot her net hod

for correcting thosmwpmmgmhb%m%@m%thawm of

pol ymeric rings (intrast4on _]:é ’ '
cor neal stron:g [ cﬁ%?\ggéﬁéeﬂcurv‘a%rure 0 ]Bk‘gcl)lrrlﬁ%é:g ?tgo\ﬂogus

wor k involving the highmyopla" Vesmik Oftainiclegii 1991p32¥+34] sugkestd the ase/dfaxoHagerMVA)

rings, allograft corneal tissue,, 20 . and hydrogels is well docunented.
One of the ring dev s iGRmat&ial spi it ring |
10 - These publications do not suggest the introduction of polymeric inserts

having significant radial or meridional dimensions into the cornea for the
correction of various visual aberrations. The publications do not imply that the
-, devices may be used to introduce therapeutic or diagnostic materials into the
corneal intrastromal space. -

This invention is 5 polymeric insert suitable for insertion between the -
_ | _ lamella of the comneal stroma. The insert may be of any of a variety of shapes,
: mcludmg straight, lozenge-shaped, arcuate, cross-shaped, anchor-shaped, button-
20 - shaped or but in any event has a significant radial or meridional component when
inserted into the cornea. The insert may be used in isolation, in arrays of isolated
multiple inserts, in cooperative multiples, as segments in a larger assemblage
encircling at least a portion of the cornea, or as assemblages to form constructs of
varying thickness.

'+ 25.. .. . - Thisinventionis a method of inserting a polymeric insert into a cavity
formed between the lamella of the comneal stroma. The insert may be of one or
more synthetic or natural polymers, hydrophilic or hydrophobic, or may be a
hybrid device comprising layered materials. Optionally, the insert may contain

-.. filamentary material in the form of a single or multiple threads, random-included
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design which is inserted into a channel previously dissected in the strormal

| ayer of the cornea. A mnimally invasive incision is used both
;or produci ng the channel and for inserting the inplant. See,

or instance, _.the use of PMVA intrastronal rings j tents
Nos. 4, 452, ZBWQW%noI ds; 4,671,276 to Reynolds; 25 g%%ﬁ%g@t o]

Reynol ds; and 4,961,744 to Kilner et al. These docunents suggest

only the use of ICR s which conpletely encircle the conea.

The use of soft polymers as intrastromal inserts is not widely known. For
I nstance, U.S. Patent Nos. 5,090,955 and 5,372,580, to Sinobn, suggest an

| CR which is made by introducing a settable polyner, or gel into
an intrastronal filaments, or wove}; mattes to reinforcge the insert dm'ling, g.g., fnsertion or B10
WO 96/ 40005

PCT/ US96/ 09768 ~ fomthe intrastromcarl]g%arx]lg?l. whi ch has been previously nade and
al | owi ng the pol yner t oTkinsertihisbe hollow and mayrbedititd vathidselopicagait) dwg ohe
surgeon to specif yot%agreliq%dei %}n?ﬂesxﬁseldf gr h%e-;e?e%ser gysel%xl'egii:tr?e%t or diagnostic material. The
5 insert may contain a gel, viscous, or visco-clastic material which remains in such a
state after introduction. The insert may be a gel. The insert may be an injectable
solid which deforms upon introduction but conforms to the form of the previously
formed injection site in the cornea upon relaxation at the chosen site.
When a hybrid, the inner portion may comprise variously a composite of
10 ' lowmodulus polymers or a single low modulus polymer. The inner portion may
also comprise a polymeric material which is polymerized in situ after introduction
into the hollow center layer. | |
| These inventive segmented inserts may be introduced into the corneal
stroma using techniques involving the steps of providing an intrastromal pocket or
15 - channel. The intrastromal pocket into which the insert is placed is, in its most
"~ simple variation, a pocket having an opening somewhere in its length into which
the insert is placed. The pocicet typically will have its outer end near the outer
- periphery of the cornea and proceeds from there towards the center of the cornea
but stopping short of the sight area of the cornea. If the insert has a circumferential
" 20 - component as well, the pocket may be modified to include a channel which
traverses at least a portion of the circumcorneal rotation to accommodate that
circumferential dimension.
Specific indications, such as astigmatism, may also be rectified by
insertion of one or more of the inserts into a partial intrastromal channei to
25  steepen the center of the comeal surface. The inserts need not be of the same size,
~ thickness, or configuration.
" If hydratable polymers are used, they may be hydrated before or after
introduction into the intrastromal pockets or channels created by the surgical
device used to introduce these devices into the eye. If the outer layer is hydrated

4

SUBSTITUTE SHEET (RULE 26)



ring nor is it a process which allows precise control of the pathway of the

fl ow ng polymer within the eye since the gel nust sinply conform
to the shape of the 5 i ntastromal channel. However, it does show t he
concept of u3|‘288§ channel s containing a gel based insert
centered on th Tenirov et al., "Ref 68
circul ar tunnel keropl asty in the correction of hi gh myopi a",
Vestnik Otal nmologii 1991: 3-21-31, suggests the use of collagen

thread as ICR material. 10 These publications do not suggest
the introduction of polyneric inserts havi ng significant radial
or wmeridional dinmensions into _the cornea faor th correctlon of

vari ous vi sual aberb‘é@fFé)‘Fﬁm@H@OﬂP(ﬁYFc@F f@ﬂé‘@@fﬁhﬁmﬁmkm

the o T raﬁwﬂp@%ﬂ%w‘&amf%‘%@%ﬁ%ﬂm°

| nventi on _space, the devitk(if appwpm!te pniymersarqxﬁoﬁerr) will swelb withinsthe epdioe
for ipsertion betvve,e e corn stromm

i nsert may be of arf§® nﬁﬁa?%alflp&h}' dg'ﬁg @r&yero en provi ??&W%@i‘;%#cﬁﬁt
| ozenge- shapgd, ar qYhedevideOARviRgR Slbe ﬁ@&mrm&hde@ﬁém@ytmefof?tﬂe noted low

shaped or buf in any event has a significant radral nmer 1 di onal conponent
when i ns enoddus palymers may alsogrovidthench dehricityray be used in

i solation, in arrays of isolated multiple inserts, in cooperative
mul tiples, as segnents in a | arger assenbl age encircling at | east
a portion of the cBfidDestiptim ofredMatviipas to formconstructs of

varying thickness. 25 This invention is a nmethod of

inserting a polynmeric i rfdgyre ljipa schgmatic jliugtration of a horizonty) spetionif theeys. t he
e, O e O 0% S e sl 4l Birignofto oy ™"
showing the various layers of the cornea.
Figures 3A and 3B show respectively a front view and a cross section of a
typical array of two intracomeal inserts made according to the invention.
Figures4A, 4B, and 4C show typical inserts made according to the
15 . invention explaining the conventions and terms used in explaining this invention.
‘ " Each of Figures SA and 5B, 6A and 6B, 7A and 7B, and 8A and 8B show
respectively'a front view ("A" drawing) and a side view ("B" draiving) of various
~ intracoreal inserts made according to the invention. Figures SC and 6C show
cross section of the 5B and 6B inserts, respectively.
20 : - EachofFigures 9 to 15 show perspective views of variations of the -
: “inventive insert. o
Figures 16 and 17 show respectively a front view of two inventive
intracomeal inserts placed in circumferential contact with each other.
Figure 18 shows a front view of a eye having both radial inserts and
25- . circumferential segments placed therein.
Figures 19A and 19B show respectively a front view and a cross section of
a soft, filled intracorneal insert made according to the invention.
Figures 20A and 20B show respectively a front view and a cross section of
. .. alayered, composite intracorneal insert made according to the invention.
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hybri d device conprising |layered materials. Optionally, the insert may

contain filamentary material in the formof a single or nultiple
t hreads, random i ncl uded

3 ....\WD 96/ 40005

PCT/ US96/ 09768W0 96/40005 filaments, or. woven mattes to reiHOrEE%] he
I nsert during, e.g., insertion or renoval fromthe intrastromal
channel . The insert nmay be hollow and may be filled with
a biologic agent, drug or other liquid, emulsified, or

ti rr;a-_rel easeI eye treatment or diagnostic material. The 5 I nsert may
contain a gel, viscous, or visco-elastic material which Jenpins. |

state a]l;][ er introducti orf'g"FFﬁ‘jli mép&mcﬂﬁ%@muﬂﬁesiﬁsﬁﬁé%%iugﬂ :
i nj ect abl e : | | 5 &?@ upon introduction but conforns to
the formof the pre’&?’%ﬁgﬁﬁ/’sMﬁ%tﬂ@é ormed injection site in the cornea

upon rel axation at the Pigare 05 shdws. a procedure for introducing a gehinto meridional pockete:
i nner portion may conprise variously a conposite of
in the cornea.
5 Figures 26A and 26B show respectively a side view and a cross section of
an insert having a partially tapered end made according to the invention.
Figures 27A and 27B show respectively a side view and a cross section of

an insert having a fully tapered end made according to the invention.

10 - Description of the Invention.
' Prior to explaining the details of ,thé inventive devices, a short explanation
- of the physiology of the eye is needed to appreciate the functional relationship of
"« these intracomeal inserts or segments to the eye.
o Figure 1 shows a horizontal cross-section of the eye with the globe (11) of
15 .. the eye resembling a sphere with an anterior bulged spherical portion representing
S~ thecomnea (12). B
| The globe (11) of the eye consists of three concentric coverings enclosing
the various transparent media through which the light must pass before reaching
the light-sensitive retina (18). The outermost covering is a fibrous protective
20 - - - portion the posterior ﬁve-sxxths of which is white and opague and called the sclera
(13), and sometimes referred to as the white of the eye where visible to the front.
The anterior one-sixth of this outer layer is the transparent cornea (12).
A middle covering is mainly vascular and nutritive in function and is made
up of the choroid, ciliary body (16), and iris (17). The choroid generally functions
25 to maintain the retina (18). The ciliary body (16) is involved in suspending the
lens (21) and accommodation of the lens. The iris (17) is the most anterior
portion of the middle covering of the eye and is arranged in a frontal plane. Itisa
thin circular disc similar in function to the diaphragm of a camera, and is perforate
near its center by a circular aperture called the pupil (19). The size of the pupil
6
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10 | ow nodul us polyners or a single | ow nodul us pol yner. The inner
portion may al so conprise a polyneric material which is
polymerized in situ after introduction into the holl ow center

| ayer . ) These inventive segnented inserts ma

i nt roduced i nt"g?%sé“gogr neal stroma using techniques’i Ao w’ﬁ?;s t he
steps of providing an intrastromal pocket or 15 channel . The

i ntrastromal pocket into which the insert is placed is, in its nost

sinmple variation, a pocket having an opening sonmewhere in its length into
whi ch the insert is placed. The pocket typically will have its

outer end near the outer er.i ry..0f t r

fromthere towards msé%wmo eﬁ@%g?ﬁ@&%hmhmg&g%gﬁﬁgﬁ%bﬁ{%ﬁs ort of
the sight area of t§igo fPdcaemmotihtidn,)ovhich S€rvés 0 3BarPertthe €otuk by ditihishing O
conponent as well, the pocket may be nodified to include_a channel which

traverses at |east sphetealiabemation; The irisdividesthe:snare betwaen the corgeadhanddhe e
t hat i At i i ) Cta
[ ngi'cat I ons, suglhr ;g‘%gﬁ%g?*‘ g%e ngézgem?&ﬁ?ﬂegar %Iglambgpﬁfi) The

insertion of ®ne or inkeintostportibs of coetingisitid xetina (18), icondistingtof aerve elements hannel
to 25 steepen the .center of the_ coneal surface. The inserts need not

be of the same si zeWhich form the truegggeptivrpostionfor vispaliimpressionsy
| f hydratable polyners a ; \ -
The HEHRSE (1% 'ikg%%ﬁ?f %ﬁﬁg% h&&&gwn fi8fnltRé fore

I ntroduction into the intrastro I's created by the
sur gi cal ~ boiin;iwith ths optic nerve@4)senving asrafiber tracticonmecting ther¢tinagans of | f
'zhe outer layer is @édurrﬁﬁ%‘rjuh the fore-brain. A layer of rods and cones, lying just beneath a

10 ~ - pigmented epithelium on the anterior wall of the retina serve as visual cells or

photoreceptors which transform physical energy (light) into nerve impulses.
The vitreous body (26) is a transparent gelatinous mass which fills the
posterior four-fifths of the globe (11). At its sides it supports the ciliary body (16)
- ~ and the retina (18). A frontal saucer-shaped depression houses the lens,
15 - The lens (21) of the eye is a transparent bi-convex body of crystalline

BN appearance placed between the iris (17) and vitreous body (26). Its axial diameter

varies markedly with accommodation. A ciliary zonule (27), consisting of
transparent fibers passing between the ciliary body (16) and lens (21) serves to
hold the lens (21) in position and enables the ciliary muscle to act on it.

20 Referring again to the corea (12), this outermost fibrous transparent-

- coating resembles a watch glass. Its curvature is somewhat greater than the rest of
the globe and is ideally spherical in nature. However, often it is more curved in
one meridian than another giving rise to astigmatism. A central third of the
cornea is called the optical zone with a slight flattening taking place outwardly

25  thereof as the cornea thickens towards its periphery. Most of the refraction of the
eye takes place through the cornea.
Figure 2 is a more detailed drawing of the anterior portion of the globe
showing the various layers of the cornea (12) making up the epitheiium (31).
Epithelial cells on the surface thereof function to maintain transparency of the
7
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WO 96/ 40005

PCT/ US96/ 09768 before insertion into the eye, the final size
of the insert nay be set before that " ‘insertion. If the hydratable
pol ymers are . ajyodbRsbed © hydrate within the corneal PERAS66/00743E

device (if appropriate polyners are chosen) will swell within the eye to
its final size. If prehydrated, the outer |ayer often provides a neasure of

| ubricity 5 to the device, allowing it to be inserted with greater
ease. Qther of the noted |ow nodul us pol yners may al so provide
such lubricity. Brief Description of the Draw ngs

Figure 1 is a sche%d#)lr @Hﬁ?ﬁé}ag{&lﬁa{éq{&;ﬁ)gwgﬁ%@&&ﬁ the eye. 10

Figure 2 is a schematl C i the anterior portion of the eye

showi ng the var i ousadetyjcholinedndttheir sotivity regulates the corneal corpuscles andgonteals tha and
3B show respectively a fr

typical array of t mﬁggﬁwcmﬁ!ﬁé%%ﬁ%ﬁg@?‘%ﬁww(?ﬁﬁm on.

Figures 4A, 4B, and : W typical inserts made according to the 15
i nvention explaining the conventions and ternms used in _explaining this
i nventi on. 5 An anterior limiting lamella (33), referred to as Bowman's membrane or

layer, is positioned between the epithelium (31) and the stroma (32) of the cornea.
The corneal stroma (32) are made up of lamellae having bands of fibrils parallel to
each other and crossing ﬁe whole of the cornea. While most of the fibrous bands
are parallel to the surface, some are oblique, especially anteriorly. A posterior
10 - limiting lamella (34) is referred to as Descemet's membrane. It is a strong

membrane sharply defined from the stroma (32) and resistant to pathological
processes of the cornea. The endothelium (36) is the most posterior layer of the
cornea and consists of a single layer of cells. The limbus (37) is the transition

. zone between the conjunctiva (38) and sclera on the one hand and the comea (12)

15 on the other. '

L With that background in place, our invention centers on the finding that
introduction of an insert into the cornea, typically and desirably between the
lamellar layers making up the comea, m a position meridional to the cornea
results in an alleviation of hyperopia. Although we do not wish to be bound by

20 . theory, we believe that the introduction of these radial segments resultsina
steepening of the center of the cornea. There may be other beneficial effectsto a
specific corneal surface, e.g., correction of myopia and astigmatism, but the
correction to hyperopia is apparent. The meridional component to the device for

. correction of hyperopia may also be combined with the effects we have earlier

25 found relating to the introduction of inserts (of this and other designs)
circumferentially around the periphery of the cornea to alleviate myopia and
similar problems and inserts of varying thickness at the periphery to alleviate
astigmatism. The inserts may be teamed with other intrastromal corneal rings
{ICR's) or partial rings or segments which are placed circumferentially about the
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Each of Figures 5A and 5B, 6A and 6B, 7A and 7B, and 8A and 8B show
respectively a front view ("A" drawing) and a side view (B" draw ng) of

vari ous i ntracorneal inserts made according to the invention.
Fi gures 5C and yigogidand -~ cross section of the 5B a”d'PE?/dsﬁ's?@B&s’
respectively. 20 Each of Figures 9 to 15 show perspective
views of variations of the I nventive tnsert.

Figures 16 and 17 show respectively a front view of two inventive

i ntracorneal inserts placed in circunferential contact with each other.
Figure 18 shows a front view of a eye having both radial inserts and 25
circunferenti al segw ' . ' and
19B show respectivefya rron %r%%%ég%&ge&%%%pegdeegpygﬁwﬂ&&&érg&ojc%@
soft, filled intraciregaiatitiesaisert nmade according to the invention.

Fi gures 20A and 20B show,r espect iqvelé a,front view and a cross section of

a layered, conposite intFigegsmidhls view.pfdheorrsad20Q) of an exrchavingdaus orgn
g 17 US06/ 0 9\7/\1638 96/ 4080y of inserts (202) which are located within small meridional pockets (204).
5 The inserts (202) are placed generally on a meridian (206) of the cornea. By
"meridian" we mean the typical meaning: the direction of a line beginning at the
center of the cornea, as viewed from the front of the eye, and extending outwardly
towards the outer circumference of the cornea.
In any case, it is this meridional placement and sizing which is believed to
10 . . cause the steepening of the center of the cornea (200) as discussed above.

Figure 3B shows a side view cross section of the cornea (200) of Figure
3A and has imposed upon it a pair of conic surfaces (208 & 210) sharing a
~ common conic axis (212) and a common conic direction in that the apex of conic
surface (208) is within conic surface (210). The volume between the two conic
15 surfaces (208 & 210) forms a mathematical solid in which the inserts (202) lie.

"L _ .. 'Thelength of the inserts (202), if extended as shown with a dashed line (214),
extends toward the common conic axis (212). The cone éngles of the two conic
surfaces (208 & 210), respectively o and B, typically are independently between
15° and 60°. Although the two conic surfaces are (208 & 210) shown to be

20 approximately parallel, this inventipn also includes the variation in which the two
' conic surfaces converge beyond the periphery of the cornea (200).

- Figure 3C shows another explanation of the relationship of the various
radial inserts to each other within the cornea. As was the case with the
relationship shown in Figure 3B, one or more inserts (202) may be placed within

25 the comnea as shown frontally in Figure 3A. Figure 3C shows the two inserts
(202) visible in this side view. Other inserts may also be present in the cornea
which are not visible in this view. The inserts are situated with respect to each
other in the following manner: two or more such inserts are found between two
partial hemispheres or spherical shells (205 and 207) which generally share a

9
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Figures 21 to 24 schematically. depict procedures for introducing the

i nventive inserts into the cornea. Figure 25 shows a
procedure for introducing a gel into neridional pockets in the
cornea. 5 Fi gures 26A and 26B show respective ' Vi ew
and a cross se‘g?lsgﬂm%% an insert having a pgrtial I ?&trg"ggdr’dg?fsend
made according to the invention. Fi gures 27A and 27B show
respectively a side view and a cross section of an insert having
a fully tapered end made according to the invention. 10 Description
of the Invention Prior to explaining the details of the

i nventive devices, &,ﬁ%{%ﬁgfﬁlogggﬁt&?{eérlim ggi .Fﬁﬁm%maﬁﬁwe i's

needed to appreciate ationship o t hese
i ntraconeal i nsert shepiisphe@(208)vesults invesuefaee approximatinguheanterion surface of the

hori zontal cross-secti f th ith t I i 5 . th
resenbling a spherecoﬂliegﬂTghfaéﬁ’;éfilﬁngﬁlsg’éﬁeerﬁﬁgrﬁﬁéﬂ’ﬁ%){zphfwgﬁﬂ%éeﬁt ?%S
the cornea (12). o fee aggm&%@&%%ﬁ&tﬂo?%&é%ﬁ@&oﬁ% ThéQy Sl énginofof

three concentric coverin e various transparent
medi a t hrougB whi chthé lneger raglints (213)tfoyrmest hbmbameyes ishetwéen$.7 mm and 9.0 mint clhe

20" “"Sortion ¢ PRt of hF roRlE LR i ER el res B e B SR A L
called the selera gnd7.0mm. The typical thickness of 2 human comnea (and hence the difference
between the length of larger radius (213) and smaller radius (215)) is between 0.4
mm and 0.8 mm. The inserts (204) are situated in the same generally meridional
10 - position as depicted in Figure 3A -- that is to say that the insert (204) desirably
lies in a position which, if extended, would intersect the centerline (211).
- Figures 4A, 4B, and 4C show front views of variations of the inventive
 jinserts, provide explanations of the conventions used in defining the meridional
. and circumferential dimensions, and show general orientation of the inserts in the
15 = comea. Forinstance, in Figure 4A is seen one of the simplest forms of mserts
) " made according to the invention. There, the insert (216) has a significant
meridional length component (218) lying approximatelj along corneal meridian
(206), and only a small width or circumferential component (220). The ratio of
the length of the meridional length component (218) to the width or
+..20°-..." . circumferential component (220) is typically greater than 1.0, preferably 1.5 to
20.0 and, for the simple insert (216) shown in Figure 4A, may even be 20.0 or

more.
Figure 4B shows an insert (222) having both a significant meridional
length component (224) and a significant meridional length component (224) and
25 a significant width or circumferential component (226). The ratio of the length of
the meridional length component (224) to the width or circumferential component
(226) in the variation shown in Figure 4B is about 1.0. Its general positioning to
the corneal meridian (206) is also depicted in the Figure.

10
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(13), and sonmetines referred to as the white of the eye where visible to

the front. The anterior one-sixth of this outer layer is the

transparent cornea (12). A m ddl e coveri ng is mainly

vascul ar and ngj éﬂ*?\ffs in function and i s nmade

choroid, ciliary % (16), and iris (17). The choroid general I y’&gﬁ'g T%ns

25 to maintain the retina (18). The ciliary body (16) is involved in

suspendi ng t he | ens (21) and accomodation of the lens. The iris

(17) is the nost anterior portion of the m ddle covering of the

eye and is arranged in a frontal plane. s a thin circular

disc simlar |nfunct|on t rfor

near its center by a ci rgtgﬁ'er&g?)ler %@QQ@QF%% F’a{]%gi)"%cgf)'ﬁ

gg/e 888' | length component (230) and a significant width or circumferenti@l compcnent V\D
40005

PCT/ US96/ 09768 (232) The ratio pfthe dengthvof; the;meridiensl fengthhenmpongnt R3Qre theni ch
reaches the retina fk u&éﬁ;%é@%%ﬁﬁponem 22}.‘]52%m%§9ar§aﬁoﬁ‘§mqﬂéﬁrgac is

whi ch serves to sharpen
5 also about 1.0.

 The concept of measuring the meridional length of the inserts by observing
the length of the insert which falls along a meridian (206) of the cornea should be
clear from the examples shown in Figures 4A, 4B, and 4C. _

" Figure 5A shows a front view of an insert (216) made according to the

10 invention. Figure 5B shows a side view of the Figure 5A insert in relation to the
anterior corneal surface which follows the external epithelium (31). The side
view shows a desirable embodiment in which the insert's centroidal axis follows
an intracorneal arc (229) in a direction parallel to a corneal meridian, and if not
- pliable, exhibits'a pre-shaped radius of curvature (234) before implantation, as

15 well as after implantation. Such a device is referred to as “radially arcuate.” The
"~ . radius of curvature (234) approximates, e.g., lies between, the hemispherical radii

- (213 and 215) shown in Figure 3C at the depth of implantation in the cornea into
which it is placed. This radius of curvature (i.e., the radius of curvature measured
- along the centroidal axis of the insert, or that portion of the insert intended to
20 . extend generally radially within the cornea) is preferably greater than 5 mm, more
+ - preferably greater than 5.5 mm, and typically ranges from 6to 9mm. Ina
preferred embodiment, the radius of curvature ranges from 7 to 8§ mm.
Figure 5B also shows that the insert has a centroidal length (*£") measured
~ along its centroidal axis at a given radius of curvature (234). This centroidal
25  length “¢” subtends an arc having an angle “8” This value is referred to herein as
the “meridional arc angle”. The value of § is preferably less than or equal to 90°,
" and more preferably less than or equal to 45°.
Figure 5C shows a cross sectional view of the Figure 5B device. As

~ shown, the hexagonal cross section of the insert gives rise to two axes; a short axis
: 11
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spherical aberration. The iris divides the space between the cornea (12)
and the lens (21) into an anterior chanber (22) and the posterior
chanber (23). The 5 i nnermost portion of covering is the retina
(18), consisti @@ sefsod8" Ve €l enents whi ch formthe tpefussefs Ve
portion for visual inpressions. - The retina (18) is a part
of the brain arising as an outgromh fromthe fore- brain, with
the optic nerve (24) serving as a fiber tract connecting the retina part of
the brain with the fore-brain. A layer of rods and cones, |ying just
beneath a 10 pignmented epitheliumon the anterior wall of the retina
serve as visual cel{:33Pknich lies in the safie RS HalrRériional Sompohert aha aMorig s Cal
energy (light) into nerve I npul ses. The vi treous body
(26) is a transpar ef235)perpandicolastothisplanai The shart axix defines the thicknessipfsheor j or

four-fifths of the Iobe,,(‘%hleké ﬁt !its si%i&ﬁsu OLLS .t he Qi i 28?(%
(16) and the retiﬂ’ée"fvlta’). a5 (5P U E %g p&ﬁf&%@lo ‘h‘g{g? e
lens. 15 in Figurdd'SB htSC, (thid sadidily bit@a il Suliterids @ iidpidiciial arblarcbnd Vv ex
body of crystalline appear ance placed between the iris (17) and

vi treous body (26) .an axis whichiis generally parallel to the long axis: | asiatiensiof e ingert in

F bors passing et vl EHAIEPoifimees b gelf ENsod W L bopr-fomed n UEEWRROTRS

hol d the I ens (21) vdtiafios of Figures5A, $Baid $C dedirablyithpess tp arblimt peint at cuetor bothi t .

20 Referring _agajn to_the cornea,(12), this out.ernpst

fi brous transparent°ﬁh°°nds°f3'°49m°i Swrhacopfigprat doF egpelinsertion and
curvature is sonemh%u&g%%%%sm.e rest of the gl obe and is
i deal |y spherical in nature. ver, often it is nore curved in

one rmeri di anl@ han anot heThaxoncepy of insasuting thetcenfreidal dengthofdhainsast by lPhSF'd'il_tﬁ
:E gii ng place o u'f \?\/;p&%}&%ﬁg“‘g%ﬁfgﬁg&p&ég 4 Héﬁgl?ﬁxy#eg eﬁf‘scszelllétle‘ﬁ@a? %’%\'&%@H | g
peri phery. Nbst . of  gi&tibs bf #6drhéa nefidiah €206), should be cletyfrorh Hecekaimples shovim inigh
the cornea. - aI:lid%ure 2 is a nore detailed drawi ng of the
anterior portion- of Figues3hehB. C. |
& Figure 6A shows an anchor-shaped variation (222) of the inventive insert
15 having a radial leg (236) and a circumferential portion (238). Such an insert is
"o referred to as a “combination insert™ Although this variation has a significant
radial leg (236), the correction of hyperopia may be secondary in importance. The
circumferential portion (238) subtends a certain portion of the circumference of
the cornea along an arcuate path around (i.e., perpendicular to) the short axis
20..  (235), and is thus said to be “circumferentially arcuate”, and may accordingly
effect the correction of other maladies, e.g., keratoconus. In addition, the insert .
may subtend an arcuate path in a third dimension around an axis which
corresponds to the meridional radius. There is some interaction between the
portions of the combination insert, but generally the thickness, length, and width
25 of the sections may be varied to independently correct the noted vision acuity
maladies.
| Figure 7A shows a front view of a cruciform-shaped variation (240) of the
inventive insert having an inner radial leg (242) and a outer radial leg (244) as
well as a circumferential portion (246). Again, the side view found in Figure 7B

12
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showi ng the various layers of the cornea (12) nmaking up the epithelium
(31). Epithelial cells on the surface thereof function to
mai ntai n transparency of the

! VO J/54A00e

PCT/ US96/ 09768 cornea (12). These epithelial cBFTUSH02768; 1,
I n glycogen, enzynmes and acetylcholine and their activity

regul ates the corneal corpuscles and controls the transport of
wat er and el ectrolytes through the lanellae of the stroma (32) of the
cornea (12). 5 An anterior limting lamella (33), referred
to as Bowran's nenbr,ane or ., | ayer, i s positioned between_ the
epi t hel i um (31) andwa&wﬂ?f&le@ﬁﬂ&ﬁM%M such as discussed igrelation t9e 5|
stroma (32) are nadpjgdies8i dnd®B.| ae having bands of fibrils parallel to
each other and crossing the whole of the cornea. Wile nost of the fibrous
bands Figure 8A shows a front view of a boomerang-shaped variation (250) of

- the inventive insert having a radial leg (252) and a circumferential portion (254).

5 The side view found in Figure 7B shows an optional radius of curvature. The
radial leg (252) is not situated in such a way that it is placed in line witha
meridian of the comea but it can be conceptualized as being a distributed or
functionally wider radial leg.

Further, the typical width of the individual inserts discussed above is often
10 - between 0.2 mm and 2.0 mm. The typical thickness is often between 0.15 mm
and 0.5 mm. In addition to the width and thickness of the insert tapering at one or
. both ends, the thickness of the insert may optionally vary from one end to the
-. other end of the insert (e.g., along the centroidal length of the insert) to provide for
a desired change in corneal curvature at the location of the insert. The centroidal
15 .. length of the insert {i.e., the length of the insert measured along the centroidal axis
. of the insert) is contemplated to rarely exceeds 3.0 mm. Preferably, the insert has
. a centroidal length which is less than or equal to 2.5 mm, and more preferably less
than 2.0 mm. When the centroidal length is determined for an insert configuration
 other than the simple configuration shown in Figure 4A (e.g., such as the insert
20 - - -- shown in Figures 4B), the centroidal length corresponds to the length of the
radially arcuate portion measured along the centroidal axis of that portion. As
another example (e.g., the insert of Figure 4C), this length corresponds to the
length of the generally radially extending leg (e.g., the non-circumferentially
extending portion) measured along its centroidal axis. These parameters (along

25 with certain other variables such as the cross-sectional shape of the device and its
. constituent polymers and stiffness) determine, in largé part, the level of correction
- . achievable by use of a selected insert.
Other non-limiting forms for the inventive insert are exemplified in
Figures 9-15. Figure 9 shows a perspecﬁve view of an insert (231) having a
13
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are parallel to the surface, sone are obl i que, especially anteriorly. A
posterior 10 limting lanmella (34) is referred to as Descenet's

menbrane. It is a strong menbrane sharply defined fromthe strom

(32) and resistant to pathol ogical processes of the he
endot hel i um ( 36¥O P40 npst posterior |ayer of the %@&”&Ed

consists of a single layer of cells. The linbus (37) is the transition

zone between the conjunctiva (38) and sclera on the one hand and the cornea

(12) 15 . on the other. Wth that background in

pl ace, our invention centers on the finding that I nt roduction of

ol o | avers mak el heriehog)orest sSiting The ber 35 i B b e ety goat
cor nea 55 bt £5hapl Which Bbrifornsah G REFARE Bf théhiithastemeal do

not wi sh to be boun theory, we believe that the introduction
of these radial segnurfice priostol itsintroduction into the eye. Comesgpentlynthisofariatien wewider

Cpec 11 ¢ corneal | Suikagbe Hodioed Reatiaerl Shitsss RS St o confmb Apgestl

t he 5 corr%mﬁmw&s apparent The neridi onal conponent

to the device for ) correction of hyperopia my al so_be conbi ned
with the effects we haveFigwre 1Qshows a further variation (333) of the geviee in Figure 9. This

i ntroduction of ins i r ' . :ve insert
circunferentially a%ﬁ%@%&%@fﬁ%@%@?ﬁ?@%ﬁ%ﬁ ct)lyéilhfclan\ﬁ% vg nyopw
and Si i |beimade obh etiff opplihblensateriad. of varying thickness at the
peri phery to alleviate

o stignat i The i be t
with other intrastromal &igusehl S‘W%S§llga;'r°a°fl‘~’§£e°“°“(ewé&s‘§;&gf)r%él?‘t‘f%"%%?qﬁgg _

gr segment s _ W' Ch angxifidi Shef hotCoififieh e Rbintalthaitlel.| A entle taper of the device
(235) may be seen in the Figure. Either end of the device (25) and others
described herein having tapered shapes, may be inserted into the eye using either
“the thin or fat end extending toward the outer periphery of the comnea. Typically,
> however, the fatter end will be placed at the outer periphery. The rate of taper

15 - from one end of the device is not important to this invention and need not be

\ ~ linear along the axis of the device, but may be of any convenient form.

Figure 12 shows a further variation (237) of the device (235) shown in
Figure 11. In this instance, the device (237) is curved or has "preform” as well as
having an axially variable cross-section.

20 The variations of this invention actually depicted in the drawings are -
considered to be only examples of the wide range of specific devices suitable for
use in this inventive concept.

Figure 13 shows a variation (239) of the invention similar in shape to the
device shown in Figures 5A and 5B. This variation (239) and the others shown in

25 Figures 14 and 15 have tapered ends to ease introduction of the device into the eye
and lessen the trauma it may cause during that introduction and during use of the
device. The insert (239) shown in Figure 13 has generally smooth anterior and
posterior surfaces and somewhat blunt opposing ends. It (239) is shown to be

curved although such a form is not required.
14
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WD 96/ 40005 '
PCT/ US96/ 09768 : peri phery of the cornea so to correct

i ndependently a nunber of different ocul ar irregularities.

Figure 3A is a_frontal view of the cornea (200) of an eye having four or an
"array” of ins&QW4E2) which are located within small nerid 9609268t <
(204). 5 The inserts (202) are placed generally on a neridian (206)
of the cornea. By "nmeridi an" we nean the typical neaning: the
‘direction of a line beginning at the . center of the cornea, as

viewed fromthe front of the eye, and extending outwardly .
towards the outer circunference of the cornea.

case, it is this meridi oFigureldshows avarigtiongf thedeviges &!ﬁwnsnﬁmeé&e%dtleqo

cause the steepenin ussed above.
Fi gure 3B shows a s%’g v‘%dé%r%l?’gésg%é;é?&zfﬁgﬁﬁﬁ%éornea Eﬁg@%of Fi gure
3A and has inposed upon SimifarlyaFiguref15shows a varidtionof thedetices (245))shewain ng a
comDn conic axi s (212) and a _commpn_conic direction jn that the apex, of

coni ¢ sufFiguee |1 ms)u.1%wwcbwpﬁ°wﬁte@f§hﬁqngéhavezmmdm@ hynt shage-
e e 40, 20N © 51t showd SY pASER tef Hlsc et b b eislR R RhbA

solid in which the inserts
procedures having sterilants such as ethylene oxide or radiation (if the chosen
materials so permit). The devices must be sterilized prior to use. It would bea
normal practice to package these devices in ways using packages known for other
- ophthalmic devices capable of preserving the sterilization state. A typical
10 commercial packaged, sterilized device would contain at least one device in such
. asterile package. Depending upon the chosen materials for the insert, the
- packaging might be dry and include an inert gas or might contain a sterile fluid
"+~ such as saline solution.-
Figures 16 and 17 show variations of the invention in which multiple
15 inserts are included in an intralamellar tunnel included within a human eye.
= .. v -.Figure 16 is intended to demonstrate a variation in which a number of inserts
(222) are placed contiguously in an array within the channel rather than in an
equally spaced array as was described in conjunction with Figure 3A. |
Figure 17 shows a variation in which two inventive inserts (228) are nearly
20 | contiguous within the intrastromal channel. '
Figure 18 shows an array of two inventive radial inserts (202) in
conjunction with two circumferentially placed intrastromal segments (239). The
radial inserts (202) are placed in the cornea for the purposes noted above, typically
hyperopia correction and perhaps astigmatism correction, and the circumferential
- 25 segments (239) are introduced for myopia or astigmatism correction. A complete
' disclosure of the structure and use of the segments (239) may be found in U.S.
Patent appl. Nos. 08/101,438, entitied SEGMENTED PREFORMED
INTRASTROMAL CORNEAL INSERT, filed August 2, 1993 and 08/101,440,
entitled SEGMENTED PLIABLE INTRASTROMAL CORNEAL INSERT, filed

15
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The I ength of the inserts (202), if extended as shown with a dashed |ine
(214), ' extends toward the common conic axis (212). The cone
angles of the two conic surfaces (208 & 210), respectively [err]

and [err], .t_.y.pj“gf#{ re i ndependent!|y between 15[
60[err]. Althou %‘é‘gtv\o conic surfaces are (208 & 210) shomﬁ'bosgg}é%fﬁ
approximately parallel, thi's invention also includes the variation in which

t he two coni c surfaces converge beyond the periphery of the
cornea (200). Fi gure 3C shows anot her expl anation ofthe
rel ati onship of the various radial inserts to each other within

LS 20 ons 1 e 360 o S e G o BB

(202) visible in t HLCE, Yoo dpelndi obfadill it o) SRURuBREMARERS! P
cornea vB%)is Avtctinmitsd tv tkialibmating gaktern showmwin the Bigures nortis ther e

si tuated vvith_respe_ct to eacgh .. . other intfhefo | owi, n pnner: two
or more such i nser tiBventien figted to,the pesitioning or numbers o mse‘&ﬁk‘f’%lmﬂ‘éﬁ%ﬁer es

gr spheri cal 48 gg} Lglgggéﬁﬁioewwmmaﬂﬁaﬁﬁﬁé in¥ets B RgRents is left to the

PCT/ US96/ 09768 attending health professional based upon the abnormality to be treated.

The materials used in these inserts may be relatively stiff (high modulus of
elasticity), physiologically acceptable polymers such as acrylic polymers like
polymethylmethacrylate (PMMA) and others; polyfluorocarbons such as

© 107 ' TEFLON; polycarbonates; polysulfones; epoxies; polyesters such as
polyethyleneterephthalate (PET), KODAR, and Nylon; or polyolefins such as
polyethylene, polypropylene, polybutylene, and their mixtures and interpolymers.
<. Certain glasses are also suitable for the devices. By "high modulus of elasticity”
g s meant a modulus greater than about 3.5 kpsi. Many of these poiymers are
1_5' .~ known in the art to be appropriately used in hard contact lenses. Obviously, any

"

- polymer which is physiologically suitable for introduction into the body is useful
" in the inserts of this inve_nﬁon. Many of the listed polymers are known to be
suitable as hard contact lenses. For instance, PMMA has a long history in
ophthaimological usage and consequently is quite desirable for use in these
20 insems.

Additionally, the polymeric material making up the insert may be one or
more low modutus polymers, e.g., those having a modulus of elasticity below
about 3.5 kpsi, more preferably between 1 psi and 1 kpsi, and most preferably
between 1 psi and 500 psi, which are physiologically compatible with the eye.

- 25 .-~ Most polymeric materials used in soft contact lenses are suitable the inserts of this
invention. The class includes physiologically compatible elastomers and such
polymers, typically crosslinked, as polyhydroxyethylmethylacrylate
(Poly-HEMA) or polyvinylpyrrolidone (PVP), polyethylene oxide, or

. polyacrylates, polyacrylic acid and its derivatives, their copolymers and
16

SUBSTITUTE SHEET (RULE 26)



common center (209) or center-line (211). The radius (213) of the larger -
parti al hem sphere (205) results in a surface approximating the
anterior surface of the cornea. The radius (215) of the smaller
partial hem sp Se 7) results in a surface approximating the
posterior surface o e cornéa. The typical length of 5 PCT, f&er
radi us (213) for nost hunman eyes is between 6.7 nmand 9.0 mm The

typical length of the smaller radius (215) for nost hunman eyes is between
5.5 mm and 7.0 mm The typical thickness of a human cornea (and
hence the difference between the length of |arger radius (213)
and smal | er radius (215)) is between 0.4 mm and 0.8 mm The

inserts (204) are sinterme mwmmycmlymmahas]ﬂosshnked

foarr oy " <" oo ol hepariy Shvelofoni pS3 Al ol Bivine £love

the centerline (211)‘ are also suitable. Fi gures 4A, 4B, and 4C show front
vi ews -of variations of the inventive i nserts, provide
expl anati ons of the conv wmwmw@mmahgemwmwwbad,thmmsay,

b o o oy 08 sl E mald h SAEMRAGE By REHE Wyl el eI

si npl est forns of |lmkalablepolymerontheunméesmface.r Thesg hiybrid Segmiefitéavitliben.
There, the insert (216), has..a significant meri dional | engt h
conponent (218) | ylﬁ é?fgrmﬁﬁi‘g‘] “&WB@PWEXWY?‘WW hydrated

(()1‘206) and on %/hg Isengt of t rrerl ?ﬂ%ﬁ%&%@g@%{e} ¥S‘%§%?m§ télatio

wi dth or 20 |eassuv:ﬂewhmhtlnlmaemmyrmm&¢daﬁed inite thie yiterdzahdllar gimaelk er
than 1.0, prgferabl d or the sinple insert
(216) shown ﬁ] Fi gug'é“lak?f hyﬁﬂlfh&?&? °’G‘86P‘r;&yhy oxyethylmethacylate (PHEMA),

-N-substituted acrylamides, polyvinylpyrrolidone (PVP), polyacrylamide,
polyglyceryimethacrylate, polyethyleneoxide, polyvinyl alcohol, polyacrylic acid,
- -pblymethacrylic acid, poly (N, N-dimethyl amino propyl-N'-acrylamide) and their
cdpolymers and their combinations with hydrophilic and hydrophobic
15 - comonomers, crosslinks, and other modifiers. Thermoplastic hydrogels include
' hydropolyacrylonitrile, polyvinyl alcohol derivatives, hydrophilic polyurethanes;
styrene-PVP block copolymers and the like.
The intrastromal segment may be lubricated with suitable ocular lubricants
such as hyaluronic acid, methylethyl cellulose, dextran solutions, glycerine
20 . solutions, polysaccharides, or oligosaccharides upon its introduction to help with
the insertion particularly if one wishes to insert intrastromal segments of
hydrophilic polymers without prior hydration, Ifa hybrid segment having a
- hydrophilic polymeric covering or a segment comprising a hydrophilic polymer is
. inserted into the eye without prior hydration, subsequent to the insertion, the
25  intrastromal segment will swell to its final size or thickness within the eye. This
swelling often permits the inclusion of larger intrastromal segments than would
normally be accommodated within normal sxzed intrastromal channels.
Low modulus polymers used in th1s invention are often absorbent,
particularly if they are hydratable, and may be infused with a drug or biologic

17
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Figure 4B shows an insert (222) having both a significant meridional
| engt h conponent (224) and a significant neridional |ength conponent (224)

and 25 a significant width er circunferential conponent (226). The
rati o of the length of the neridional |ength conponent (224) to
t he wi dth or owoeossdoes enti al conponent (226) in tRCTAIRIGMBRI6HN
shown in Figure 4B is about 1.0. Its general positioning to t he
corneal neridian (206) is also depicted in the Figure.

10 WD 96/ 40005

PCT/ US96/ 09768 Figure 4C al so shows an inert (228)
having both a signif i cant nmeri di onal | engt h conponent (230) and
a significant widt fdﬁ 1y%éle&9m&a%3devmeaﬁerm lan€atidR bf théhe
ratio of the |engt I on | engt h conponent (230) to the

mtrastromal segment. For mstance, the low modulus polymer may be loaded with
adrug such as dexamethasone to reduce acute inflammatory response to
implanting the device. This drug may help to prevent undesirable vascular
5 ingrowth toward the intrastromal segment and improve the overall cosmetic effect
of the eye with the insert and segment. Similarly, heparin, corticosteroids,
antimitotics, antifibrotics, antiinflammatories, anti-scar-forming, anti-adhesion,
and antiangiogenesis factors (such as nicotine adenine dinucleotide (NADY)) may
be included to reduce or prevent angiogenesis and inflammation.
10 © ° Clearly, there are a variety of other drugs suitable for inclusion in the
intrastromal segment. The choice will depend upon the use to which the drugs are
- placed.
Figure 19A is a side view of a variation of the intrastromal sector or insert
_ (260) made of a low modulus polymer system or hydratable outer coating (262).
15 - - Figure 19B shows the inner cavity (264) of the insert. This intrastromal scgment
B may be inserted into the intrastromal space created by the dissector as a covering
on a tool similar to the dissector which created the intracorneal pocket or channel.
Once in position the insertion tool is rotated out of the intrastromal segment
‘leaving the shell within the stroma. ' '
20 Figure 19B shows the inner cavity (264) which may be filled with a
biologic, a drug or other liquid, or biologically active eye treatment material.
These devices may be tied or pinched or crimped or otherwise closed, typically at
their point of insertion, by known techniques. If the inserts were closed or sealed
prior to introduction, the insert niay later be punctured with a syringe and a fluid
25 or gel my be introduced or withdrawn for a variety of clinical reasons.

The shell (262) may be injected with a settable soft polymer core (264),
allowed to expand to a desired thickness, and set. Polymeric gels which do not
polymenze in situ are preferred. Suitable injectable polymers are well known but
include polyHEMA hydrogel, cross-linked collagen, cross-linked hyaluronic acid,

18
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width or circunferential conponent (232) in the variation shown in Figure
4Cis b5 al so about 1.0. The concept of neasuring
the neridional length of the inserts by observing the |l ength of
the insert whi along a neridian (206) of the cornea s ld be

cl ear fromthewg’xigﬁrrgqngs shown in Figures 4A, 4B, and 4C. Beoansres
Figure 5A shows a front view of an insert (216) nade according to the 10

i nvention. Figure 5B shows a side view of the Figure 5A insert in relation

to the anterior corneal surface which follows the external
epithelium (31). The side vi ew shows a desirabl e enbodi ment in
which the insert's centroidal axis follows an i ntraconeal arc

(229) in a directi &VM%XW onitsiles, pelyarsylamides, nodxacrylig acids,ftheineopolymers and

pliable, exhibits - I S 3 fore,

i mplant ation, as 12“‘%’% laaisabgi:}t tdgg('a‘ﬁ'g gﬁrﬁlﬁg#e%ﬂ%grwselgxﬁ

referred to as raokge@émahasmai linked thethyl vinyl siloxane Faglmac&bta@mwe (234)

appr.oxi mat es, i es between the hem spherical radii (213

and 215) shovvn in FWQE'P@ 9@!‘3\3@”?41 guigable. np| antation in the cornea into

which it is aced. Thi spg | f pyature
¥ P“i?&**é‘%@*’ﬁ‘ Fighon o gt B3 o

nmeasur ed al ong the centr0|da e |nse t he
insert intended to 20 FlgureéeﬂeshdwgelfmnahéwwaﬂybﬂxdLaymdlntﬁcdxhﬁlﬁﬁémea) i's

i and typical 1y 1 @RGRVIPVEHIRSDS sscipinFipuse U the ulehleiaiare et
enbodi ment, the radee) Mhy ba'seéa! Fighrds20A%nd OB Are’ ?f“f’gﬂ engthﬂzqc[oncerpfpsa

Fi gure 5B al so shows that the i nsert has a centroi
measur ed al ong |m§l m@ewcﬁpobmgmﬁrdlﬂ'a-dmwhmmnmsamm (234).

TPE? r ]cent ‘rl'h): ga{/al uexample e‘# err é@ l?%e%hﬁ H&éy%nﬁ ns rt%a”clnf‘ﬁe{zgﬁf‘aﬂgtggéﬁsar c
angl-e". The val ue qR7¢)ofipolymerphavisg ol moduliseT eldsiciyor equal to 90[err],
The inner portion or core (272) may be a physiologically compatible
.- polymer having a hlgh modulus of elasticity or other polymer of low modulus.
If hydratable polymers are chosen for the outside layers, the extent to
15 whlch those outer layers swell upon hydration is dependent upon the type of
polymer chosen and, when the polymer is hydratable, upon the amount of cross-
linking found in the outer layers (268) and (270), and upon the thickness of the
layer. Generally speaking, the more highly linked the hydratable polymer, the
smaller the amount of volume change upon hydration. Conversely, a polymer
20 . having only sufficient cross-linking for strength in the service in which this device
is placed, will have a soméwhat lower level of cross-linking. Alternatively, a
substantially nonswellable polymer system may be formed of a hydrogel
physically interpenetrated by another polymer which does not hydrate, e.g.,
PMMA into polyHEMA.
25 .. - -The thickness of the outer layer depends in large function upon the
'  intended use of the intrastromal segment. If the outer layer is used to provide a
swellable outer iayer which does not add significantly to the size of the
intrastromal segment or is used functionally as a lubricant layer, the other layer

19

SUBSTITUTE SHEET (RULE 26)



and nore’preferably | ess than or equal to 45. Figure 5C
shows a cross sectional view of the Figure 5B device. As shown,
t he hexagonal cross section of the insert gives rise to two axes; a short

axi s 11 WO
96/ 40005 =~ WO 96/40005 ) PCT/US96/09768
PCT/ US96/ 09768 (233) which lies in the sane plane as the
meri di onal conponent and a | ong axis (235) perpendicular to this
pl ane. The short axis defines the thickness of the insert, "t"

whereas the long axis defines the wwdth of the insert, "W. As depicted
in Figures 5B and 5C, the radially arcuate insert subtends a neridional arc

around 5 an  aidybe\yité thin S egéonth m%anmaweebfmmimm covergeppiérbaps as
Variations of the insert In ich pliable polymers or gels are
used need not be pr dhings agiaglemalequiarigyer. The vari ation of

of “the ends of the devi oOF ol 1R And il iRytiicefi Bt Rodiifaifiiph” "
insertion and modulus afdiLigh mddals Bolyierstymemay stead be multiple layers of low
5 modulus polymers including an outer hydrophilic polymer layer and an inner
hydrophobic polymer; a variety of hydrophilic polymers; etc.

Additionally, the inventive device shown in Figures 20A and 20B need not
have a inner (268) and outer (270) layers over the entire insert. For instance, an
insert having a thicker ﬁortion and a substantially thinner portion may be desired.

10 Aninsert having an inner core of a high modulus polymer and an outer covering
of a swellable polymer might be chosen. The surgeon would remove a portion of
the insert's exterior coating or face prior to introducing the insert into the eye.
Further, hydrophilic polymers are more easily infused with therapeutic and

i diagnostic materials than are the high modulus materials. In the variation just
15° - noted, the insert may then be used to deliver the infused therapeutic and
" diagnostic materials in a greatly delimited treatment or diagnostic area,
Figures 21 to 24 show procedures for introducing the inventive inserts into
the cornea.
Figure 21 shows a procedure for introducing the inserts into the cornea
20 using a circumferential intrastromal channel (300). The former portion of this
general procedure is described in U.S. Pat. No. 5,300,118, to Silvestrini et al,
issued April 5, 1994, the entirety of which is incorporated by notice. Instep 1, a
small meridional incision (302) is made in the outer periphery of the anterior
surface of the cornea. The slit may be ciréumferential if so desired. This slit
25 (302) does not perforate the cornea but instead terminates within the cornea itself.
See, for instance, the depth of placement for the inserts shown in Figures 3B and
3C. A dissector, such as is shown in U.S. Pat. No. 5,403,335, to Loomas et al,
issued April 4, 1995, is then introduced into the initial incision (302) and rotated
to form the circumferential interlamellar tunnel (300) found in step 2 of Figure 21.
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10 The concept of neasuring the centroidal length of the insert
by observing the length of the insert along the centroidal axis
of the insert which extends in the direction of a cornea
meri di an (206)

be clear fromthe exanples shown in
Fi gures 5A, 58?03%%. Fi gure 6A shows amw??ﬁaped

~variation (222) of the inventive insert 15 having a radial leg (236)
and a circunferential portion (238). Such an insert is referred
to as a "conmbination insert." Al though this variation has a significant
radial |leg (236), the correction of hyperopia nmay be secondary in
| npertance. The circunferential portion (238) subtends a certain
portion of the cir dugfepr3cafirst rddial insert has been tritwdacedtirough sha initkal st 32@),e pat h

CE Ao be  f bk bbb Gl fnd ety 4 ki sl
effect the correct iﬁmmtﬂé&ﬁgnagsémi Ofher ﬁs&wab&raes,%a@m%mggmmme

the insert may subte an arcuate path I'n a nmensi on
around an axi s whi same fashion. The initial opering (302) is¢henodosed by useafalsutuns)ighse,

There is so I nteraction, between th . portions of the

conbi nat i onngnsert, opby, F%Q%%walﬂ}nékness, | ength, and width 25

of the sections may be vagieds MowsHiRORAAR WhidhQhE Aious Rlial Bisatk stk S On
Fi h

acuity maladies. =~~~ igure 7A shows a front
vi ew of a cruci f or rinttodusediusing individwa! incisions. S$tep h ghows the presence of fopent i ve

wel | s a i rount erBaigY iBisidns oS mde A e Sitcfls sl B e et feld o
Figure 7B ~ only partially through the cornea. Small pockets (314) are then meddionally

10 placed from the four incisions (312) in step 2. - The four inserts (304, 306, 308,
and 310) are then placed at the back end of the various pockets (314) in step 3.
Again, the various initial incisions (312) are then closed by use of sutures, glue,

- étépl&s, or by electrosurgical welding. | '
Figures 23 and 24 show entry incisions alternative to those shown in the

15 procedure shown in Figure 22. Figure 23 shows a small circumferential incision
(318) and a meridional pocket (320) for placement of the insert. Incision (318)is
within the cornea.

Figure 24 shows an incision (322) outside of the cornea, within the limbus
_ of the eye through which the insert is placed into the cornea.

20 In addition to the devices which make up the invention and have been
described above, this invention additionally includes the method of producing
radial inserts comprising only a gel by using a method similar to the surgical
procedures outlined with regard to Figures 22-24. Figure 25 outlines such a

, procedure. In step 1, a small incision (326) is made into the cornea and a small
. 25 . meridional pocket (328) is fol_';ned. In step 2, a conduit (330) contaiqing an
appropriate gel is introduced into the incision (326) and the pocket (328) is filled
with an appropriate amount of gel. The gel radial insert (332) is shown in position
in step 3. Incision (326) has obviously been closed.
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WD 96/ 40005

PCT/ US96/ 09768 shows an optional corneal radius of
curvature such as discussed in relation to Fi gures 5A and 5B.
Figure 8A shows a front view of a boonerang-shaped variation (250) of

the inventive WRSEMHhaving a radial |eg (252) and a circunf /49768
portion (254). 5 The side view found in Figure 7B shows an opti onal
radi us of curvature. The radial leg (252) is not situated in
such a way that it is placed inline with a meridi an of the
cornea but it can be conceptualized as being a distributed or

functionally w der radial |eg. Further, the typical width -
of the individual iwé di scussed above is often 10 bet ween 0.2 mm
and 2.0 mm The typical thickness is often between 0.15 nm and
0.5 mm In addition to the width and thi cki¥ample the insert tapering at

one or bot k. end t t.hi.ckness of. the i.nsert optd onal |y

vary from one end to }%nesahx.)&]% dgmgtt eeﬁia%%gwgyﬁgseﬁﬁgg}ﬁx‘(céggfgfe@! ong
the centroidal | engiitacdndalleintd'éys frbm itmidhRudaversf Tivo to six inserts werk pl&ed ired
change in corneal curvature at the |ocation of the insert., The centroidal

15 | engfh of teeeh eyesiathe difection ofiaromealperidiae Asshowncthe Figireadfiinsantis| ong

the centroidal axi Syar ﬁeém?hﬁzgﬁwoﬂo?iﬁgﬁBﬁr%?étﬁgFWﬁﬂ&t

exceeds 3.0 nm Pretera It‘)’?p,eﬁtdﬁ%gl nser
is fully tapered at one end. These inserts were preformed from

polymethylmethacrylate. The dimensions of the inserts were as follows:

10
Centroidal Radius of
Length Width Thickness | Curvature
Insert No. | Insert Shape (mm) (mm) {(mm) (mm)

Insert1 | Figs.26A and B 2.0 . 0.80 0.30 7

= - | Imsert 2 Figs. 26A and B 15 0.80 0.30 8

- { Insert3 Figs. 26A and B 2.0 0.80 045 8

| Insert 4 Figs. 27A and B 2.0 0.80 0.30 7

Insert 5 Figs. 27A and B 1.5 0.80 0.30 ]

Insert 6 Figs. 27A and B 20 0.80 0.45 8

The length of the inserts were measured along their centroidal axes as they
" extended in the general direction depicted in Figures 26A and 27A, although the
15 centroidal axes of the inserts are not shown.
Each of the inserts changed the corneal curvature by a desired amount up to
8 diopters to provide for hyperopic correction, and exhibited stable dimensions
(no appreciable changes in length, width or thickness) over a time of one hour.
Devices prepared in accordance with the foregoing example which were without
o 20  curvaturealso changed the corneal curvature by approximately the same amount.
This invention has been described and specific examples of the invention

have portrayed. The use of those specifics is not intended to limit the invention in

22

SUBSTITUTE SHEET (RULE 26)



a centroi dal Iength'which is less than or equal to 2.5 nm and nore

preferably | ess - than 2.0 mm When the centroidal length is
determ ned for an insert configuration ot her than the sinple
configuration an? il Figure 4A (e.g., such as the insert 20 shown
in Figures 4B);" the centroidal |ength corresponds to the | éngf&TH{SPHEo768
radially arcuate portion neasured along the centroidal axis of that
portion. As anot her exanple (e.g., the insert of Figure 40,
this length corresponds to the | ength of the generally radially
extending leg (eg., the non-circunferentially ext endi ng portion)
nmeasured along its centroidal axis. These paraneters (along 25 ~ wth

certain other vari asyoway uhdditionalljcto thicomxtent timt thereaire €diafiondéf théiveidnce and
its | constituent pal vners.and siiffness) determ ne, in_|large
part, the level of gh:pﬁggt\y@pn&e stt"?a‘e_dté%_?iﬂsWéﬂfléwW VRt o the| ect ed
insert. __ inventions fdunB 84 the @i, 7 ik biintenf {l‘ﬁﬁ:ﬁrﬁr aieﬂSch&i’ {Hakd V€
insert are exenplified in Figures 9-15. Fi gLPre shows a

perspective view of vaiationsaswell; 21 pubilications, matents and patent applications cited in this

13 96/ 4 . . . .

PCT/ US96/ 097 gg %%Qi%cauon are incorporated herein by reference as if each such publication,
patent or patent application were specifically and individually indicated to be

incorporated herein by reference.
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. general |y hexagonal cross section. The insert (239) is shown

sttaight, that is, not to have a shape which confo ﬁHIStSHEHTeHAS BEEN
curvature of the anterior corneal surface prior to]its REPLACED

Thery b oroamasagross” e o MRIAIRIRMMIL e 2imor's” Sreamensme =
pocket 5 previously fortredf i ¥ t le Eorhea: Fi gure

10 shows a further variation (233) of the device in Figure 9. This

device (233) has a pre-formcurve to it and, consequently, the inventive

i nsert may be made of a stiff or pIiabIe mat eri al .

Fi gure 11 shows a square Cross- section variation (235) of the devi ce which
10 “is strai ght WBEGLAIN IRENVENTIONe corneal channel. A gentle
taper of the device (235) may be seen in the Figure. Either end
of the device (25) and others descri bed herein having tapered
shapes, may be inserted iinto {RGn@)Brmdal isbreYot fA&bduction into the chiifda bi*a Burén f at
end extending toward the outer periphery of the cornea. Typically,

however, the fatter eyqdaldnmsertlsempnauedphysmlhgcdlytosmppmbleptatmﬁl arftheingat e of
t aper 15 from one. e of .t dev,p= S _not i ant .to.this iLnv t|on
and need not e dﬁ?ﬁ&§% qa ) ﬁ&mﬁ§F§° é F@gngb

of any conveni ent f@ﬁﬁature,measuredalongltscmEEidﬁL&@s,ﬁfatmomurther
variation (237) of the device (235) shown in Figure 11. In this

i nstance, the device (237) is curved or has "prefornt as well as

having an axially variabhe crgfs; Ma?ﬁ‘? heremsandradmsofcn '*!;Hﬁsi’saa{t'l&& ons
of this invention actual ydeplcf gl e draw ngs ar

considered to be onlsys mxanpl es of the w de range of speC|f|c devi ces

sui tabl e forlo use in this inventive concept.

| 3. The insert of claim 1 wherein said radius of curvature is from 6.0
t0 9.0 mm. '

4, The insert of claim 1 wherein said radius of curvature is from 7.0
15 to 8.0 mm.

5. The insert of claim 1 wherein said radius of curvature approximates

a human corneal curvature along a corneal meridian.

20 6. The insert of claim 1 where said insert comprises a low modulus
physiologically compatible polymer.

7. The insert of claim 6 wherein the low modulus physiologically
compatible polymer is selected from polyhydroxyethylmethylacrylate,
25 polyvinylpyrrolidone, polyethylene oxide, or polyacrylétes, polyacrylic acid and
its derivatives, their copolymers and interpolymers, silicones, crosslinked dextran,
crosslinked heparin, or crosslinked hyaluronic acid.

- ————
heet Has Been Replaced
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Figure 13 shows a variation (239)—ef-the-invention simlar <{rat
g ( TS BEEN

devi ce shown in Figures 5A and SB tion (239) ang T'ﬂ
shown in 25 " Figures 14 and” l{ﬂiilﬂﬂm ends to dase i REPERfefR i on
of the device ukpse eye he trauna e

during that |nt oducti on and during use of the dev*’gggngﬁg%;

i nsert (239) shown in Figure 13 has generally snooth anterior and
posterior surfaces and sonewhat blunt opposing ends. It (239) is shown to

be curved al t hough such a formis not required.
14 WD 96/ 40005
PCT/ US96/ 09768 Figure 14 shows variation of the

devi ces shown in Fi gures$9 arﬂelﬁst°IM7Whmmﬂﬁwdﬂ%dwmﬂe ogicaliy,e

ends (243) have a t g&@ ly,
Fi gure 15 shows a vari agl o%###* evi ?‘éé“l’%‘ﬁ%%m lm%thylaébfgtéaﬁ{d Fi gures
11 and 12 in whi ch polpvinylpyrsitloné. t he ends have a tapered or blunt shape.

S . 9. The insert of claim 6 wherein the low modulus physiologically
compatible polymer is selected from hydratable polymers which swell upon
hydration, hydratable polymer systems which do not swell upon hydration, and
elastomers.

10 ' 10.  The insert of claim 6 wherein the low modulus, physiologically
compatible polymer comprises an elastomer.

11.  The insert of claim 1 where said insert comprises a polymer having
a high modulus of elasticity.
15
12, - The insert of claim 11 wherein the polymer is selected from
- .polymethylmethacrylate; fluorocarbon resins; polysulfones; pelycarbonate;
epoxies; and polyolefins selected from polyethylene, polypropylene and
polybutylene.
20
13.  Theinsert of claim 12 wherein the polymer comprises
polymethylmethacrylate.

14.  The insert of claim 1 having a hollow inner portion.
25
15.  The insert of claim 14 wherein the hollow inner portion is filled
with a liquid.

Thls Sheet Has Been Rep lat.ed
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5 It shoul d be appay evi ces sterilized
usi ng known - procedur es qmﬂﬂﬁlﬁimlmnjﬂmrsuch as gt THICeSHERIXH AR BEEN
. * chraLerh

or radiation (if the chosen pernmit). |The dREPCAGED

must be sterilized prior to use. It would be a norat—practt+ece—te
package these GRS, \ays using packages known for ot her PCI/US96/09768
opht hal m ¢ devi ces capabl e of- preserving the sterilization state. A typical

10 comer ci al packaged, sterilized device would contain at |east one
device in such a sterile package. Dependi ng upon the chosen
materials for the insert, the packagi ng m ght be dry and include
an inert gas or m ght coPé ain_a sterile fluid such as saline

sol uti on. o - FiRpipssgt of glaim 45 whessinsthe hollows innes portign isjgt least

. ti 1 whi ch o _ : nel uded i
:Rrregl :at(r)rgl : gr tLﬁne%ﬁ%@egj&vﬁ%ﬁ?lr?*?ﬁ&tr’r%ﬁ%fé&;e#‘nc neee I%ingure 16 is

i ntended to denpbnstrate a variation in which a nunber of inserts

(222) are placed contigugusly_in an array within the channel rather than in
an equal |y spa%d aﬁ‘dm%ﬁi*@%wﬂeﬂb@eﬂﬂ%éﬁ}ﬂémimﬁmth

Figure 3A. 5 selmdﬁomp&yﬁ*&r&%&yﬁﬁmggﬁg Iﬁgﬁag&?&oésmm ﬁd}a&%

I nventive inserts (228) are near ous wthint

i ntrastromal channe¢ross-linked hyaluronic acid, silokanp geis, fiélyvinyplpyrelidene; and argariovw

i nventive radial i n?@&%ée 02) in conjunction with two
circunferentially p rastromal segnents (239). The radi al
I nserts (202) are placed in the cornea for the purposes noted above,
typically hyperopia correction and perhaps astigmati sm
correction, and the circlff erBigtinsgit of glaim 17 whexg'g:jhggdgar@gggbe pelymeris r oduced

for myopia astig s . ion. A conplete di scl osure of
the struct u?‘é" and u@%@ﬁt e fslgég{r?énts (239) may be found in U S.

Pat ent appl. Nos. 08/101,438, entitled SEGVENTED PREFORVED
| NTRASTROVAL CORNEAL | NS , '\#khed Aygust 2, 1993 and 08/ 101, 440,
entitled SEQVENTED PLI A | in theshetlow porfigniis at least

., partially filled with a drug or biologic agent.

15 20.  The insert of claim 19 wherein the drug is selected from

w0 -+ dexamethasone, heparin; corticosteroids, antimitotics, antifibrotics, anti-
inflammatory, anti-scar-forming, anti-adhesion, antithrombogenic, and
antiangiogenesis factors,

20 21.  The insert of claim 20 wherein the drug is an anti-inflammatory or
antithrombogenic.

22.  The insert of claim 6 additionally comprising a drug or biologic
agent.
25
23.  The insert of claim 22 wherein the drug is selected from
dexamethasone, heparin, corticosteroids, antimitotics, antifibrotics,
antiinflammatories, anti-scar-forming, anti-adhesion, antithrombogenic, and

antiangiogenesis factors.
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é?:T/ UsS96/ 0976\8/\0 96/40005 HMU I" “Hﬁml "ttﬂh by Si | JFHIS SHEETHAS BEEN
entirety of which are incorporat otice. e speBEPLACESY r ay

of radial inse )" and C|rcunferent|al segnents C%zss IS o
limted to'the alte ting pattern shown in the Figure, nor

invention limted to the positioning or nunbers of inserts shown in the
Figure. 5 The choi ce of and pl acenent of appropriate insets and
segnents is left to the attendi ng heal th professional based upon
the abnormality to be treated. The materials used in

these inserts nay be re t|v .Stif m)dulus of
el asticity), physiol ogi 3% |y % lé‘“bg? ing poyantidnflammatory 6| yrrer s
like _ poI-yﬁgﬁMg@éehﬁ.cr ylate (PMVA) and others; polyfluorocarbons
such as 10 TEFLON; pol ycarbonates; pol ysul fones; epoxies; polyesters
such as pol yet hyl enet erepht hal ate (PET), KODAR, and Nyl on; or
pol yol.efins such as 25.  The insert of claim 1 additionally comprising an ocular lubricant.
5
26.  The insert of claim 27 wherein the ocular lubricant is selected from
hyaluronic acid, methylethylcellulose, dextran solutions, glycerine solutions,

polysaccharides, or oligosaccharides.
10 - 27.  The insert of claim 1 comprising at least two polymeric layers.

28.  The insert of claim 27 wherein at least one polymeric layer
comprises a low modulus physiologically compatible polymer. -

15 - -..29. Theinsert of claim 27 wherein at least one polymeric layer
comprises a high modulus physiologically compatible polymer.

30.  The insert of claim 1 wherein the insert includes a portion having a
length to width ratio of at least 1:1.
31.  The insert of claim 1 having a predetermined shape.

" 32.  Theinsert of claim 1 being constructed to substantially retain its
- shape over time after implantation within the cornea.
25
| -*33.  :The insert of claim 1 being configured and adapted to alter the
topography of the cornea in a manner that effects carrection of a predetermined
refractive disorder of the eye.

—_—
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pol yet hyl ene, pol ypropyl ene, poI he| r m xtures and .
I nt er pol yners. Certal ni“' mH &r@‘! o suitak e%@ﬁ .
By "high nodulus of elasticity" us & 2

about 3.5 kpsi f these polyrrers are 15 AT = o
appropriately ngghard contact |enses. Cbviously, any YO0 ymer
which is physiologically suitable for introduction into the body is useful
in the inserts of this invention. Many of the listed polyners are known to
be suitable as hard contact |enses. For instance, PMMA has a |ong

history in opht hal nol ogi cal usage and consequently is quite

desirable for use in thege er Al onal |y,
the polyneric materi al %k Cgh‘&b“’%é éﬂ&fl’“ﬂ%&“@@“‘&ﬂ?"&d@mmg‘g“% nor e
| ow nodul us pol ynerghapeofihe cirieads apredeteemibedBiiblnits of el asticity bel ow
about 3.5 kpsi, nore preferably etween 1 psi and 1 kpsi, and nost

preferably betmeen 1 psi and 500 psi, which are physiologically

compatible with the eye. s n soft-
contact lenses are suita gmﬁé/gﬁ]%&o#%g%re@%aﬁ%%hlﬁ“amﬂi\%ﬁ%‘?on The
cl ass includsgs physiologlcally conpati bl e el astoners and such

polyners, typically crossli nkeq as poI yhydroxyet hyl net hyl acryl a
(Pol y- HEMA) ~or pol yvi nyl13yrr &8 ﬁbl“%@ ioR g0 B coraea & human

28' yacryl ates, polyagrssd ﬁse?{:doﬁnpﬁ&ﬂg hbﬁyﬂﬁ&éﬁﬁfy‘ CbfpatitiE RiaferifCRRIDeHR" S and
adapted for implantation within a human comea, said insert being without
curvature along its centroidal axis

10
37.  The insert of claim 36 being configured and adapted to alter the
topography of the cornea in a manner that effects correction of a predetermined
refractive disorder of the eye.

15 38 Theinsert of claim 36 being configured and adapted to alter the
‘  shape of the cornea by a predetermined amount.

39.  Theinsert of claim 36 having a predetermined shape.

20 . 40.  The insert of claim 36 being constructed to substantially retain its
shape.

41.  Anintracorneal insert for introduction into the cornea of a human
eye, said insert comprising a physiologically compatible material and being
25 configured and adapted for implantation within a human cornea, said insert haﬁng
a length measured along its centroidal axis of less than or equal to 2.5 mm., '

_ This Sheet Has Been Re\ilaued
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WO 96/ 40005 - _

PCT/ US96/ 09768 nd the Iike| 3IGWBHEETaHAS BEEN
bi ol ogi ¢ pol yners such . as crosﬂmmnmﬂmmnﬂ”'q dextran, ErossIRERKAGED
heparin, or hyglgssames aci d. Acfylfc poMynmers=having a | ow 9768
T[err] "are al so suitable. . I n many instances, e .
i ntrastronmal segnments may be hybrid, that is to say, 5 the segnents
are made up of a nunber of polymeric layers typically with a soft or

hydr at abl e pol ymer on their outer surface. These hybrid segments will be
‘described with greater particularity below Partially hydrated or fully

hydr-at ed hydr@phi k¢ . S Lypically slippery apd
consequently may contri t?gf e tfggﬁ%xga&mﬁﬁﬂnégﬁ%#ﬁnﬂﬂ&%%ﬂ@ﬁ?r&%rt
may be introduced itopography of tecotmain 4 Menrer A€ bffectdcorrection v o jabdefermined.
hydr ophilic polyners_incl ﬁfle ol tEydroxyet hyl met hacyl ate (PHEMA),
N-substituted acryl € dis S¢XPyrrol i done (PVP), pol yacryl am de,
pol ygl-yceryl net hacryl at e, pol yet hyl eneoxi de, pol yvi nyl al cohol, polyacrylic
aci d, pol ymet hacrylic acid, poly (N, N-di net hyl am no

propyl - N[ err B- acryl ani ddB. andht imsest of claim 41 being configusedand aduptbd!th Qitér the
conbi nations with h dr%l | C ari)(;' hydy ophpbi.c 15 conononers,
crosslinks, and ot Gqorpee. ﬂ%?mfl@"%rogel s include

hydr opol yacrylonitrile, polyvinyl alcohol derivatives, hydrophilic

pol yur et hanes, styrene- PVP bl ock copol yners and the |ike.
The intrastromal segrment#4may Theinsem of Jaine4! having aspredstérninedshape. | ubri cant s

10 ' 45.  The insert of claim 41 being constructed to substantially retain its

. 46.  The insert of claim 41 wherein said insert has a radius of curvature,
- measured along its centroidal axis, of at least 5.0 mm.

15
_ 47, The insert of claim 47 wherein said radius of curvature is from 6.0
© t09.0mm. |
48.  The insert of claim 47 wherein said radius of curvature is from 7.0
200 to8.0mm.
'49.  The insert of claim 41 wherein said length is less than or equal to
2.0 mm.
"imi-
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such as hyaluronic acid, nethyl et cellul osé, "dextran sblHig RSET 11AS BEEN
gl ycerine 20 sol uti ons, pc,l,"ﬂﬁcﬂﬂ ﬂ”mﬁ! ,n[) ol i gosacghari dessiygen its
introduction to help with n parti culkasy—t-fome

wi shes to .inse 'ﬂ{o{,@st r omal segrrent s of : hydr ophi |

wi t hout prior ﬁ{/%éra e} If a hybrid segnent having a h’E'rhy r | lic

pol ynmeric covering or a segnent conprising a hydrophilic polyner is
inserted into the eye without prior hydration, subsequent to the insertion,

the 25 intrastromal segnent will swell to its final size or thickness
within the eye. This swelling often permts the inclusion of
| arger intrastroml Segngnts A BoReditli introducing an infiRéoal inski® rk§ & oRRLGH o
wi thin normal sized int rast ro channel's Low nodul us
pol ymers used in t ha maimmatinn eyercompeising thestefsoftr bent , part icularly
|7 they are hydratabl e ot Y O Suble’ S i 1 el 18 o5 o
PCT/ US96/ 09768 b) introducing a biocompatible radially arcuate insert

5 comprising a physiologically compatible polymeric segment through said initial

incision in a direction along a meridian of the comea.

51.  The procedure of claim 50 wherein the initial incision is along a
"circumference of the cornea.
100 Lo _
52. The procedure of claim 50 wherein the initial incision is along a

meridian of the comnea.

| 53.  The procedure of claim 50 wherein the initial incision is in the
15 sclera of the eye.

54.  The procedure of claim 50 comprising the additional step of
producing an intrastromal intracorneal channel in the cornea from the initial
incision prior to introducing the biocompatible radaally arcuate insert into said
20 initial incision.

. - 55. - The procedure of claim 50 comprising the additional step of
producmg at least one additional incision in said cornea for introducing at least
one additional biocompatible radially arcuate insert into said cornea.

25
56.  The procedure of claim 50 comprising the additional step of
introducing at least one additional radial insert into said at least one additional

SO incision.
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the Y sty oma riégﬁgﬂﬂlﬂ mmnmﬁamfet e & ow &ﬂ‘ﬁ%’%ﬂg@%@m

may be | oaded with mUQe SUCN #asS's nmet hasone tp_redute 4 e
i nfl anmat ory rm@mst o] i mpl anting the device. Thi ?C‘}Fdégsnm%
hel p to prevent undesirabl e vascular 5 . ingrowh toward the

I ntrastromal segnent and inprove the overall cosnetic effect of

the eye with the insert and segnent. Simlarly, heparin, corticosteroids,
antimtotics, antifibrotics, antiinflammuatories, anti-scar-form ng,
anti - adhesi on, and anti angi ogenesis factors (such as nicotine

adeni ne di nucl eoti de ( er rAk#H | on_f°rfﬁﬁ°d“°ingt&eviw%mggéﬁflﬁy %&gaare

prevent angi ogenesis and i nfl'a

a variety of other slamgalimieyexdoimprising thetépswfon i n t he

i nt'rastromal segment. The choice will depend.upon the use to which fhe
drugs are pl aced. al) making an initial ine{sion i of gear the comgagiand ; o\ of

a variation of the intrastrongl s ' 5&5?!,- #BRARC a
| ow nodul us pol ynmer system o@hydﬁg{trg{ﬁcg{godu?er og?ﬁeﬁsl%ogfgl;ﬁ%m cifibn
Fi gure 19B slows t hin adircctiorcalong § mefi@ian ofithetcomea.nsert. This intrastromnal
segnent "may be inserted into the intrastromal space created by

t he di ssector as a covering on a tool simlar to the dissector

whi ch created the intracsy, neajhe}R6de@redt cfiA 35 Wherein the initial inéieR is slong a
position the insertion tool is rotated out of the intrastromal segnent

| eavi ng the shel | vsircumferercs of theepumea0 Fi gure 19B shows the
i nner cavity (264) which may be filled with a bi ol ogi ¢, a drug
or other liquid, or biologically active eye treatnent material .

These devicggy may be tiesh or Theprbeduid of eldifSviietei® tHeShikFiAcisioAi€slong a
typically at .. their point of insertion, by known techniques. I|f
t he i nserts-wer e-cl meddianef the gomea.

60.  The procedure of claim 45 wherein the initial incision is in the
sclera of the eye. .
15 |
\ _ 61. The procedure of claim 57 comprising the additional step of
- producing an intrastromal intracorneal channel in the cornea from the initial
incision prior to introducing the biocompatible radially arcuate insert into said
initial incision.
20
62.  The procedure of claim 57 comprising the additional step of
producing at least one additional incision in said cornea for introducing at least

one additional biocompatible radially arcuate insert into said cornea.

25 63.  The procedure of claim 57 wherein the gel is selected from the
group consisting of polyhydroxyethyimethylacrylate hydrogel, cross-linked
coliagen, cross-linked hyaluronic acid, polyvinylpyrrolidone, polyacrylonitriles,
polyacrylamides and polyacrylic acids.

-—
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P25 ot %ger bt ||ﬂgmlﬁ[|||l]ﬂ] F‘Stmﬂrfeﬂr“at afﬁ*@tyg;w aﬁ,&ig@“{
lecte

clinical reasons. a shel b (262) may

settable soft *mégscore (264), allowed to expan" sﬁmg‘?s%i red
t hi ckness, 'anda@et. ol ymeric gels which do not po yrr’grl zé'1n
situ are preferred. Suitable injectable polyners are well known but

i ncl ude pol yHEMA hydrogel, cross-1linked collagen, cross-1inked hyal uronic
aci d, 18 WO
96/ 40005

PCT/ US96/ 09768 . . K TR WS i des,
[ [ their copmﬁers andﬁl s ingr poly mers [

pol yacrylic acids, i nyl
al cohol deri vati ve<omtibg a pétkevinandiregtidrsalemyia merjdian of the corneafrom said incision.
gel s such as cross-1|inked nethyl vinyl siloxane gels are acceptable but are

general ly consi dered to éébluﬁfé fmbrt 64)
may al so be a high or |ow m)gél us polyner f? gecgorrleéoﬂxecomﬁofﬁ’ﬁ
eye, said insert comprising a physxologxcally compatible material and being

5 adapted for implantation within a human cornea, said insert having a first
elongated portion and a second eloﬂgated portion extending therefrom.

-66.  The insert of claim 65 wherein said first elongated portionhas a
second and a third elong_ated portion extending therefrom

67 Anintracomeal insert for introduction into the comea of a human
10 eye, said insert comprising a physiologically compatible material and being
.- adapted for implantation within & human cornea, said insert having a boomerang
- shape. . |
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Fi gure 20A shows a front view of a hybrid | ayered intracorneal insert
(266). Viewed in cross section in Figure 20B, the multiple |layers ofthe

i nsert (266) may be seen. Figures 20A and 20B are intended to
show t he concep mul til ayered insert nade up qf _polyners of
di fferent charagngﬁgP?cs In this 10 . ﬁZigsle of a nUItiﬂra@Qﬁ%%P"“

i nsert, the hybrid insert has inner (268) a ter faces (270)
of polymers having | ow noduli of elasticity. The i nner
portion or core (272) may be a physiologically conpaglbuﬁg pol yrner
having a high nodulus of elasticity orqpther polyne M/nnggi

| f -hydrat abl e pol yners are chosen for t\ig~0 de Ajngr ent to 15
whi ch those outer |ayers swell upon hyefg ' ] frohs oon the type of

pol yner chosen and, when the pol ynmeys
Cross- l'i nki ng found iprft;
upon the thickness of the o

is placed, wll have a Song | ower | evel of quss | i nki ng.
Alternatively, a ffubstantially nonswell abl e pol yner system
formed of a hydrogel physically interpenetrated by anot her
pol ymer whi ch does not hy¥ddat e, e.g., PMVA i nto pol yHENA.
The thickness of the outpq]l ayer depends in |arge function upon the
i ntended use of the intrphgfromal segnment. If the outer layer is used _
provi de a %ﬂgl Al e outer | ayer which does not add signifiggmly
to the size of the " intrastromal segnent or is used functiopply -
as a lubricant layer, they.d\her | ayer ' I

7 A

FIG. 1

L L




- 19 } WD 96/ 40005 :
PCT/ US96/ 09768 may be quite thin - even to the point of a

| ayer of m ni mum coverage, perhaps as thin as a single nolecul ar
| ayer. . .. woosidopes O course, the inner and outer |ayer not be,
respectively, |ow nodul us and hi gh nodul us pol yrreri’cgﬁﬁ W‘s

I nstead be multiple layers of low 5 7&?§Ius pol yners including an
outer hydrophilic polynmer |ayer and an innéz hydr ophobi c

polymer; a variety of hydrophilic polyners; etc.

Addi tionally, the inventive device shown in Figures 20A gAll 20B need not
have a inner (268) and outer (270) Iayers alVI= 3 |5§% For
i nstance, an i nsert oy iy g7 h and ubstantially
t hi nner portion nmay be desired. : At i aving an inner core of

FIG. 3C



the insert's exterior coating or face prior to introducing the insert into

t he eye. " Further,
wi th therapeutic and

nmodul us mat eri aygoehgees he variation just 15

then be used to deliver the

materials in a greatly delimted treatnent
Figures 21 to.24 show procedures for intro

t he cor nea.

hydrophilic polyners are nore easily infused
di agnostic materials than are the high

not ed, theyj

i nfused therapeutic and
agnostic area.

gﬁﬁlﬁ% the inventive inserts into

Figure 21 shows a procedure for introducing

the inserts into the cor 0 using a circunferential intrastromal
channel (300). The forngr portion of this general procedure is
described in U S Pat.n}QJE§ﬂ300,118, to Silvestrini et al,
issued April 5,7 1994, the enfirety of which is incorporated by notice. In
step 1, a ma ridional incision (302) is nade in the outer
peri phery of the antefiqf surface of the cornea. The slit may be
circunferential if sof dgsiyed. This slit 25 (302) does not perforate
-the cornea but inste terLi ates within the cornea itself. See,
for instance, the depthjof, placenent for the inserts shown in Figures 3B
and iﬁ#&éhdisse Tor—236ch as is shown in U S. Pat. No.
5, 403,335, to L 5 let |all | i ssued April 4,22805, is then
introduced into the ijitlial "Incision. (302) and rotated to form
the circunferenti al interIFnuIIar t unn (300) found i step 2 of Ejgure
21. 20
1
| l A
L\K
206 |
o : —~~224
 FIG. 4A
Y

206 —

- FIG. 4B

228

FIG. 4C

230




WD 96/ 40005

PCT/ US96/ 09768 In step 3, a first radial insert has been
i ntroduced through the initial slit (320), through the

i ntrastraonal. . W9eMeb0s( 300), and rotated into a neridional

12:00 in the channel (300). Oher inserts (306, 308, and 310 are

i ntroduced in the sane fashion. The initial opening (302) is then
cl osed by use of a suture, glue, 5 staple, or by electrosurgical

wel di ng. Fi gure 22 shomg&a/ﬁkﬁcedure in which the various
radial inserts are i ntroduced ust indi vidual incisions. Step 1
shows the presence of four meridi onal incisions (312) made from
the anterior surface of the cornea to a depth only partially

t hrough the cornea. Small pockets (314) are then neridi 1y 10

pl aced fromthe four incisions (312) in step 2. our inserts (304, 306,
308, and 310) are then placed a e back end of the various
pockets (314) in step 3. Agajsr, the various initial incisions
(312) are then closed by use of sutur stapl es, or by

el ectrosurgical wel ding. i gures T and 24 show entry
incisions alternative to those sh 2gedure shown in
Figure 22. Figure 23 shows a s |nC|S|on

(318) and a neridi onal qs f the insert Incision
(318) is with

_-206 o \

233

216 | . jzs
L -t
"—>95B )




Fi gure 24 shows an incision (322) outside of the cornea, within the |inbus
of the eye through which the insert is placed into the cornea. 20

I'n addition to the devices which nake up the invention and have been
descri bed:.aboweo 9é4v0es | nventi on additionally includes the netdhegudboorss

produci ng radial inserts conprising only a gel by using a nethod
simlar to the surgical procedures outlined with regard to
Figures 22-24. Figure 25 outlines such. a procedure. In step 1, a

smal | incision (326) is made into the co énd a small 25
meri di onal pocket (328) is forned. In st g, a conduit (330) containing an
appropriate gel is introduced into the incision (326) and the pocket (328)

is filled wi th an appropriate anmount of gel. The gel radi al
insert (332) is shown in position in s nci sion (326) has
obvi ously been cl osed.

21 WD 96/ 40005

PCT/ US96/ 09768

_.236 i SB | J__O_ » -
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Exanple 1° Figures 26 and 27 depict the shape of various

I nserts which were pl aced intracorneally into eyes from human
cadavers. Two to six inserts were placed in 5 ~each eye in the
direction. of awoosmmes neridian. As shown, the Figure 26 ins$ﬁd}s§
partially tapered at one end in the direction of insertion, 1Te f’ﬂ’é"s
Figure 27 insert Is fully tapered at one end. These inserts were
preformed from pol yrmet hyl met hacryl at e. The di mensi ons ofthe
inserts were as follows: 10

Cent r oi dal : | gs of

Length Wdth Thi ckness Cur vat ur67(16 I nsert No. I nsert
Shape  (mm) (mm) (mm) (mm) " Insert 1
Figs. 26A and B 2.0 I ' 0. 80 0. 30

| nsert 2 Figs. 26A and!B 1.5 0. 80 '

I nsert 3 Figs. 26A and|B 0. 80

| nsert 4 Figs. 27A andt-H ?é 0. 80

I nsert 5 Figs. 27A and|B . 0. 80

| nsert 6 Figs. 27A and{B 2.0 0. 80

242

244- IR /

250—=

254 | ! 8B

Fig. 8A Fig. 8B
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The length of the inserts were neasured along their centroidal axes as they
extended in the general direction depicted in Figures 26A and 27A, although
t he 15 centroi dal axes of the inserts are not shown.

Each of 't he i nseydgs/sspgnged the corneal curvature by a desired armunt f to
8 diopters to provide for hyperopic correction, and exhi bi t ed B¢HH 768

di nensi ons : (no appreC|abIe change ength, width or thlckness)
over a time of one hour. Devi ces ?Vgaéied in accordance with the
f oregoi ng exanpl e which were w thout 20 curvature al so changed the
corneal curvature by approximtely the same anount. Thi s

i nvention has been described and specific exanples of the invention

have portrayed. The use of those specifics is not intended to limt the
inyention in 22

WD 96/ 40005 _ 231

PCT/ US96/ 09768 .

237
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any way. Additionally, to the extent that there are variations of the

I nvention which are within the spirit of the disclosure and yet
are equivalent to the i nventions found .in the clains, it is our
intent that. thi sy@éddebds cover those variations as well. Al

publ i cations, patents and patent applications cited in this 5 PCT/USMN9768
specification are incorporated herein by re&géf e as if each such

publi cati on, patent or patent appl n were specifically and
i ndividually indicated to be i ncorporated herein by reference.
239

FIG. 13

241
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24 WV CLAIM AS OUR | NVENTI ON: 1. An intracorneal insert, said
i nsert conprising a physiologically conpatible material and being
adapted for inplantation within a human cornea, said insert having a radius
of curvature, -”@Wsal ong its centroidal ‘axis prior to inplantation, of
at | east . 2. The insert of claim1 wher RGI/E6H9768
radi us of curvature is at |east 5.5mm 6} The insert of claiml
wherein said radius of curvature is from 61(0“5 . Omm 4. The
insert of claiml1 wherein said radius of curvature is from7.0 to 8. 0mm

260

266
270

272
268

270 272 268

272
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5. The insert of claim1l wherein said radius of curvature approxi mtes a-

human corneal curvature along a corneal neridian. 6. The
insert of claiml wherein said insert conprises a | ow nodul us

physi ol ogi cal | y wo eéogesconpati bl e pol yner. 7. The insert of claim
6 wherein the 1ow nodul us physiol ogical |y conpatibl e pol yner %Cmnmmw?"“

sel ected fron1po[yhydroxyethy|nethylacrylagflggﬂ§yvinylpyrrolidone,
, a

pol yet hyl ene oxi de, or polyacrylate crylic acid and its
derivatives, their copolyners and interpolyners, silicones,
crosslinked dextran, crosslinked heparin, or crosslinked hyal uroni c
aci d. <

A&
-
-

- FIG. 21A




8. The insert of claim7 wherein the | ow nodul us physi ol ogically conpatible
polyer is selected from pol yhydroxyet hyl net hyl acryl ate and

pol yvi nyl pyrrol i done. 9. The insert of claim6 wherein the | ow nodul us
physiologrqgllxwgﬁ bl e polyner is selected from hydratable pol yners

whi ch swel | upon hydration, hydratable polyner systens which 5969768 |
upon hydration, and elastoners. ~ 10. The aqzz t,of claim6 wherein the | ow
nodul us, physiologically conpatible pol yne iﬁiises an el ast oner. 11.
The insert claim1l wherein said insert conprises a polyner having a high
nmodul us of elasticity. 12. The insert of claim 11 wherein the polymer is
sel ected from pol ynet hyl net hacryl ate; fl uorocarbonresins; pol ysul f ones;

pol ycar bonat e; epoxi es; and pol yol efins sel ected from pol yet hyl ene,

pol ypr opyl ene and pol ybutyl ene.

FIG. 22A

, .
I'4
Fypah oyt
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13. The insert of claim 12 wherein the polynmer conprises

pol ynet hyl net hacryl at e. 14. The insert of claiml having a hollow inner
portion. - 15. The insert of claim 14 wherein the hollow inner portionis
filled with a lywg9kideos 16. The insert of claim15 wherein
the hol | ow i nner portlon is at least partially filled with a JFEI96/H9768
settabl e pol yner. 17.  The jnsert i m16 wherein the gel or
settabl e polyner is selected from pol 'yhydrolajtﬁblamet hacryl at e hydrogel,

cross-1linked collagen, cross-Ilinked hyaluronic acid, siloxane gels,
pol yvi nyl pyrrolidone, and organic-

FIG. 24



si | oxane gel s. 18. The insert of claim17 wherein the gel or.

‘settabl e polyner is polyvinyl pyrrolidone. 19. The insert of
claim 14 wherein the hollow portion is at least partially filled with a
drug or bi ol ogi wogantes 20. The insert of claim19 wherein the

drug is selected from dexanmet hasone, heparin, corticosteroids, PCT/US96/09768

antimtotics, antifibrotics, anti- I nflannit / anti-scar-formng,
anti-adhesi on, antithronbogenic, and antia 6fdgg%esis factors. .

21. The insert of claim20 wherein the drug is an anti-inflammtory or
ant it hronbogeni c. 22. The insert of claim6 additionally
conprising a drug.or biologic agent.

2OA

258
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23. The insert of claim22 wherein the drug is selected from
dexanet hasone, heparin, corticosteroids, antimtotics, antifibrotics,
antiinflamuatories, anti-scar-formng, anti-adhesion, antithronbogenic, and

ant i angi ogenes WO 96400081 S . 27 24. The insert of claim23
conprising an anti-inflammatory or antithrombogenic. PCT/Y896/09768 1, o
insert of claiml1 additionally conprising an ocul ar |ubricant.

26. The insert of claim27 wherein the ocular lubricant is selected from
hyal uroni ¢ aci d, mnethyl et hyl cel |l ul ose, dggﬁr jcém utions, glycerine

sol uti ons, pol ysacchari des, or oligosa f S. _

\/_# 26B

<— Width —

|

Thickness

!

Fig. 26B
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27. The insert of claim1l conprising at |east two polyneric |ayers.

28. The insert of claim27 wherein at |east one polyneric |ayer
conprises a | ow nodul us physiol ogically conpatible pol yner. 29.
The insert of b wherein at' | east one polyneric |ayer . conBrises a
hi gh modul us physi ol ogi cal |y conpatible pol yner. IETUS

insert of claiml1 wherein the insert includes a portion having a | ength
to wdth ratio of at least 1:1. 31. The insert of claiml

havi ng a predetermn ned shape. 32 The insert of claim1 being
constructed to substantially retain itSjléﬁpg. over time after

i npl antation within the cornea. 38 The insert of claiml
bei ng configured and adapted to alter the t opography of the cornea in a
nmanner that effects correction of a predetern ned

!

Thickness -

K

Fig. 27B
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refracti.ve. di sorder of the e 34. The insert of clai
bei ng conflguremm"m ﬁﬂi_ﬂmlal ter the shape of the cornea by a
predeterm ned a insert of claiml wherein said in

radi al |y arcuate. “36. An intracorneal insert, <3 > I
physi ol ogi cal | y conpatible nateri al a?l being ad I -
within a human cornea, said insert being substantjally w t hout cyr
along its centroidal axis and being constructed tp buBst &AKIE y |r d

shape af t VE iQIARM/IAS QUR INVENTION:

QFosB 121
m 1

rt is
ing a

i on
ature
tainits

1. An infracorneal insert, said insert comprising a physiologically compatible material

and being adapted for implantation within a human cornea, said insert having a radius

of curvature, measured along its centroidal axis prior to implantation, of

5.0mm. .

2. The insert of claim 1 wherein said radius of curvature is at least 5.5mm.

at least

3. The insert of claim 1 wherein said radius of curvature is from 6.0 to 9.0mm.

4, The insert of claim 1 wherein said radius of curvature is from 7.0 to 8.0mm.

5. The insert of claim 1 wherein said radius of curvature approximates a

corneal curvature along a corneal meridian.

human

6. The insért of claim 1 wherein said insert comprises a low modulus physiologically

compatible polymer.

7. The insert of claim 6 wherein the low modulus physiologically compatible polymer

is selected from polyhydroxyethylmethylacrylate, polyvinylpyrrolidone, polyethylene

oxide, or polyacrylates, polyacrylic acid and its derivatives, their copolymers and

interpolymers, silicones, crosslinked dextran, crosslinked heparin, or crosslinked

hyaluronic acid.



37. The ipsért of craim36 being configured and adapted to alter the

t opogr aphy of manner that effects correction of

predeterm ned“lmuﬂn ﬂﬁ@lll"l der of the eye. PLAQBM;EM HEE 9 cl ai m 36
bei ng configurtd and adapted*to alter the shapg W.nec byl a

pr edet er m ned anount. 39. The ins@bt of clairm 36 havi ng =d et er m ned
shape. 40. An intraconeal insert, said insert con%?uk"ﬁh@gﬂ

physi ol ogi cal ly conpatible naterial and being gddpted for inplantation

wi thin a human cornea, said insert having a radi us of curvature, |nmeasured
along its centroidal axis prior to inplantation—of _at-least-5-0dnm and a

29

| ength nmeasured along its centroidal axis of |ess than or equal

to 2.5 mMm

8. The insert of claim 7 wherein the low modulus physiologically compatible polyer
is selected from polyhydroxyethylmethylacrylate and polyvinylpyrrolidone.

9. The insert of claim 6 wherein the low modulus physiologically compatible polymer
is selected from hydratable polymers which swell upon hydration, hydratable polymer

systems which do not swell upon hydration, and elastomers.

10. The insert of claim 6 wherein the low modulus, physiologically compatible

polymer comprises an elastomer.

11. The insert claim 1 wherein said insert comprises a polymer having a high modulus
of elasticity.

12. The insert of claim 11 wherein the polymer is selected from
polymethylmethacrylate; fluorocarbonresins; polysulf‘ones; polycarbonate; epoxies; and
polyolefins selected from polyethylene, polypropylene and polybutylene.

13. The insert of claim 12 wherein the polymer comprises polymethylmethacrylate.

14. The insert of claim 1 having a hollow inner portion.

15. The insert of claim 14 wherein the hollow inner portion is filled with a liquid.



41. The insert of <l ai m 40 bei ng. configured and adapted to alter the

t opogr aphy of Wu nner that effects correction of a -
.predet erm ned ”“llﬁmllml" ﬁlngr of the eye. 42. The insert of claim40
bei ng configured ahd addptéd to alter the 'shape of the.cornea by a

predet erm ned anount. 43. The insert of claim40 having a predeternined
shape. 44. The insert of claim40 being constructed to substantially
retain its shape after inplantation. 45. The insert of claim40 wherein

said radius of curvatlére iThefinsen of claitnol Owhereimthe helfow iner portionts atfleast ai m
40 wherein said rad| us,of curvature is from7.0 to 8.0 mm
ly ﬁlled with a gel or a seftable polymer.

17.  The insert of claim 16 wherein the gel or settable - polymer is
| selected from polyhydroxyethylmethacrylate hydrogel, cross-lmked collagen,

cross-linked hyalm'o_mc acid, siloxane gels, polyvinyl pyrrolidone, and organic-
siloxang gels. .

" 18. " The insert of claim 17 wherein the gel or. settal:le polymer is
polyvinyl pyrrolidone. '

19.  The insert of claim 14 wherein the hollow portion is at least
partially filled with a drug or biologic agent.

20.  The insert of claim 19 wherein the drug is selected from
dexamethesone, heparin, corticosteroids, antimitotics, antifibrotics, anti-
inflammatory, anti-scar-forming, anti-adhesion, antithrombogenic, and

antiangiogenesis factors.

21.  The insert of claim 20 wherein the drug is an anti-inflammatory or

antithrombogenic.

22.  The insert of claim 6 additionally comprising a drug or biologic
agent.

23.  The insert of claim 22 wherein the drug is selected from
dexamethasone, heparin, corticosteroids, antimitotics, antifibrotics,
antiinflammatories, anti-scar-forming, anti-adhesion, antithrombogenic, and

antiangiogenesis factors.
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4? The i nsert of claim40 wherein said length is less than or equal to 2.0

[ nsert said i nsLlIIlIIlmlu)I“u"IIUI Illlphy5| @Togi cal |y cg(r)rpat |4EI eAga![ g'ﬁlr:f:ogﬂgal

bei ng adapt ed for "inpl antdtidn Within a human cornea, said insert having a
first el ongated portlon and a second el ongated portion extendi ng therefrom
49. The insert of claim48 wherein said first elongated portion has a

second and a third e nga or.ti.o end| t her ef.r.o 50. An

i ntracorneal insert, a| dtrﬁﬁggﬁmg ﬁgpﬁé,cﬁg'tpg fne,p0; agtiigHlammatory okpat i bi e
material and be&.gghﬁ gaicf or inplantation within a hunman cor nea, said
Insert having a oomer al g shape. :

25.  The insert of claim 1 additionally comprising an ocular lubricant.
26.  The insert of claim 27 wherein the ocular lubncant is selected from

hyaluromc acid, methylethylcellulose, dextran solutlons, glycerine solutions, '
polysacchandes, or oligosaccharides.

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

28.  The insert of claim 27 wherein at least one polymeric layer

comprises a low modulus physmlogxcally compatlble polymer.

_ 29.  The insert of claim 27 wherein at least one polymeric layer
comprises a high modulus physiologically compatible polymer.

30.  The insert of claim 1 wherein the insert includes a portion having a
length to width ratio of at least 1:1.

31.  The insert of claim 1 having a predetermined shape.

32.  The insert of claim 1 being constructed to substantially retain its

shape over time after implantation within the cornea.

33.  The insert of claim 1 being configured and adapted to alter the

topography of the comea in a manner that effects correction of a predetermined

refractive disorder of the eye.
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51. The inse ' erein said insert has a cruciform shape. 52.
The insert oﬂ"‘maﬂm’ﬂ”w!@umn said insert has an anchor-1ike shape. = 53.
The insert of=clalm I r said.insert material conprises a synthetic
pol yneric material. 54. The.insef » of claim 36 wherein said insert
material conprises a synthetic polyneric material. 55. The insert of

cl aim 40 wherein said insert material conprises a synthetic polyneric

mat eri al . 56. An intracorneal insert, said insert conprising a synthetic
pol yneric physiologically conpatible material and being adapted for a
significant conponent of radial inplantation wthin a human cornea, said

insert having &4 dbe insersof clainy dtheing, configured and adapted toalierthe shapewdtheesarsca
prior to inpl argyagbpeﬁew%%rgh%n%uﬁe 9.0 mMm

35. The insert of claim 1 wherein said insert is radially arcuate.

36. An iI}u'acomeal insert, said insert comprising a physiologically compatible mat.:erial
and being adapted for implantation within a human cornea, said insert being
substantially without curvature along its centroidal axis and being constructed to
substantially retain its shape after implantation.

37. The insert of claim 36 being configured and adapted to alter the topography of the
cornea in a manner that effects correction of a predetermined refractive disorder of the

eye.

38. The insert of claim 36 being configured and adapted to alter the shape of the
cornea by a predetermined amount.

39. The insert of claim 36 having a predetermined shape.

40. An intracorneal insert, said insert comprising a physiologically compatible material
and being adapted for implantation within a human cornea, said insert having a radius
of curvature, measured along its centroidal axis prior to implantation, of at least 5.0

mm and a length measured along its centroidal axis of less than or equal to 2.5 mm.
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31 67. *An intracorneal insert, said insert conprising a synthetic

pol yneric ph atible material and being adapted for a
signi ficant Xﬂ"ﬂlﬂuﬂwmuumml‘zl i npl antation within a hunan cornea, said
insert having*a fadfus' of° clirvature, neasured along its centroidal axis

prior to inplantation, of at least 6.02%m and a length, nmeasured along its
centroidal axis, of less than or equal to 2.0 mm 58. An intracorneal
insert, said insert conprising a physiologically conpatible material and
bei ng adapted for significant conponent of radial inplantation within a
human cornea, said insert having a tapered body. 59. The insert of claim
58 wherein sai‘H-Ebamagfalalméagmnsmnﬁg@ednn@adap@m alter theltoprgraphy of the

Cross-Sectl ON.cormea in a manner that effects correction of a predetermined refractive disorder of the

eye.

42. The insert of claim 40 being configured and adapted to alter the shape of the

cornea by a predetermined amount.
43. The insert of claim 40 having a predetermined shape.

44. The insert of claim 40 being constructed to substantially retain its shape after

implantation.
45. The insert of claim 40 wherein said radius of curvature is from 6.0 to 9.0 mm.
46. The insert of claim 40 wherein said radius of curvature is from 7.0 to 8.0 mm.

47. The insert of claim 40 wherein said length is less than or equal to 2.0 mm.
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60. The insert of claimb58 wherein said body has a prefornmed radius of
curvat ure. GJIL!M!erIwmgmul:l ai m 58 wherein said insert conprises a
synt heti c physi i e | Mtible polyner. 62. The insert of claim58
wherein said insert conprises a |ow nodul us physiol ogically conpatible

pol yner . 63. The insert of claim62 wherein said | ow nodul us

physi ol ogi cally conpati bl e pol yner conpr 'ées an el astoner. 64. The insert
of claimb58 wherein said insert conprises a high nodulus physiologically
conpati bl e pol yner. 65. An intracorneal insert, said insert conprising a

physi ol ogically conpatible material and being adapted for_inplantation

wi thin a human 48cfRé&tracemeal insexte paid insnt aemprisiag » hysinlpgically eompstibleunaterial e
component as A3 Wefiy Al £ fithdtHidtotvicith Shihar Bdrtled, 3813 ihse¥ niting §34t

5.0 mMm :
elongated portion and a second elongated portion extending therefrom.

49. The insert of claim 48 wherein said first elongated portion has a second and a
third elongated portion extending therefrom.
50. An intracorneal insert, said insert comprising a physiologically compatible material
and being adapted for implantation within a human cornea, said insert having a
boomerang shape.

51. The insert of claim 49 wherein said insert has a cruciform shape.
52. The insert of claim 49 wherein said insert has an anchor-like shape.

53. The insert of claim 1 wherein said insert material comprises a synthetic polymeric

material.

54. The insert of claim 36 wherein said insert material comprises a synthetic polymeric
material.

55. The insert of claim 40 wherein said insert material comprises a synthetic polymeric
material.

56. An intracorneal insert, said insert comprising a synthetic polymeric physiologically
compatible material and being adapted for a significant component of radial
implantation within a human cornea, said insert having a radius of curvature, measured

along its centroidal axis prior to implantation, from 6.0 to 9.0 mm.
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32 «66:,The insert of claim65 wherein said insert conprises a synthetic

physi ol ogi cal
conprising a

SRR RO 75 -t 2 o Be Trpl e withi n-a huran

cornea and adapted tb pfovide a desired anount of refractive correction,
| east one insert of said plurality beinf adapted for a significant

radi al inplantation. 68. The inserts of claim®67 wherein at
| east one of said inserts conprises a synthetic physiologically conpatible

conponent of

pol yner .

57. An intracorneal insert, said insert comprising a synthétic polymeric physiologically
compatible material and being adapted for a significant component of radial
implantation within a human cornea, said insert having a radius of curvature, measured
along its centroidal axis prior to implantation, of at least 6.0 mm, and a length,
measured along its centroidal axis, of less than or equal to 2.0 mm.

58. An intracorneal insert, said insert comprising a physiologically compatible material
and being adapted for significant component of radial implantation within a human
cornea, said insert having a tapered body.

59. The insert of claim 58 wherein said body has at least one region having a

rectilinear cross-section.

60. The insert of claim 58 wherein said body has a preformed radius of curvature.

61. The insert of claim 58 wherein said insert comprises a synthetic physiologically
compatible polymer.

62. The insert of claim 58 wherein said insert comprises a low modulus

physiologically compatible polymer.

63. The insert of claim 62 wherein said low modulus physiologically compatible

polymer comprises an elastomer.

64. The insert of claim 58 wherein said insert coinprises a high modulus

physiologically compatible polymer.

65. An intracorneal insert, said insert comprising a physiologically compatible material
and being adapted for implantation within a human cornea, said insert having a

meridional radius of curvature component as measured along a centroidal axis of said

insert of at least 5.0 mm. REPLACEMENT SHEET
07 JAN1999
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66. The insert of claim 65 wherein said insert comprises a synthetic physiologically
compatible polymer.

67. A refractive correction system comprising a plurality of inserts adapted to be
implanted within a human cornea and adapted to provide a desired amount of
refractivp correction, at least one insert of said plurality being adapted for a signit:lcant

component of radial implantation.

68. The inserts of claim 67 wherein at least one of said inserts comprises a synthetic
physiologically compatible polymer.
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(57) Abstract

The subject invention relates to an intrastromal comeal insert
designed to be meridionally situated in an interlamellar pocket or channel
made within the comea of a mammalian eye. The insert has a shape which,
when inserted into the comea, has a significant meridional dimension
and may be used to adjust comeal curvature and thereby comect or
improve vision abnormalities such as hyperopia. The inserts may also
have a cirumferential component to their configuration to allow concurrent
“comrection of other vision abnormalities. The radial insert may be made of a

physiologically compatible material, ¢.g,, one or more synthetic or natural,

be used to deliver therapeutic or diagnostic agents to the comeal interior
or to the interior of the eye. One or more of the radial inserts of this
invention typically are inserted into the comea so that each subtends a
portion of the meridian of the comea outside of the comea’s central area,
e.g., the area through which vision is achieved, but within the comea’s
frontal diameter. Typically, the insert is used in arrays of two or more to
correct specific visual abnormalities, but may be used in isolation when
such is called for. The invention also includes both a minimally invasive
procedure for inserting one or more of the devices into the comea using
procedures beginning within the cornea as well as procedures beginning in
the sclera,

soft, firm, or gelatinous polymers. In addition, the insert or segment may -
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