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s METHOD FOR CORNEAL CURVATURE VARIATION =

o S escri tio;
- Technical Field L _ -
_. ' ‘This: invention is in the general field of
l.io;' medical technology and relates specifically to a
a - method for varying corneal curvature in order to
correct vision problems.; S

, JB r und : _ :
15 '-"_ - Anomalies in the. shape of the eye can cause
1 'visual_disorders._ Hyperopia occurs when the eyeball |
-'iS'too'short; In such a case, parallel rays from
tgreater than 20 feet focus behind the ‘retina. Myopiag
_ '_on the other hand occurs when the eyeball is too long
',20.:-The focus of parallel rays in this case is in front . of
’ the retina. Astigmatism is a condition in which the
”parallel rays. of 11ght do ‘not come to a single point
- but rather ‘have a variable focus due to the fact that
_ the cornea is aspherical and refracts llght in a
- 25 dlfﬁerent merldian at different distances. Soéme
' degree of astigmatism is normal but where lt is too
‘high, it must often be. corrected. '
- _ Hyperopia,'myopia and astigmatism are
_ *usually corrected by glasses or contact 1enses.
._,ao.uisurgical methods for the correction. of such disorders
~ ' have been cited in the llterature ‘and include radial
keratotomy (sée e. . U S. Patents Nos. 4,815, 463 and
. 4,688,570) and laser. corneal oblation (see e.g. U. S.
' Patent No. 4,941,093). Further, the general ‘method of
35 'implanting rings in the corneal stroma to change the
| g:curvature of the cornea is known. Previous work
involving the implantation of polymethylmethacryiate
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'(PMMA) rings, allograft corneal tissue and hydrogels
- is well documented. One of the ring deVices 1nvolves
Ia Ting desxgn that allows a split ring to. be inserted
S . 1nto a channel dissected ‘in: the stromal layer of the
'*u__s;: cornea using a minimally invasive 1ncision tnrough
: “_fwhich ‘the’ channel ‘for the implant is created .and -
;thhrough which the implant is inserted and adjusted.
'-f¢Adjustment of the device normally involves an
_ 'ﬂadjustment or ring size or diameter. : : S
‘10 ...+ U.S. Patent No.-4 452,235, which is herein :
B 'incorporated by reference in its entirety, describes a.
_ emethod and apparatus for corneal curvature adjustment.
: The method ‘involves inserting one end of a split end
. adjusting ring into the cornea of the eye and mov1ng
:Jlsh';the ring: in a circular path until its ends meet.- The
' .-ends are thereafter adjusted relative to each other
until the shape of the eye has assumed -a desired .
_ curvature whereupon the ends are fixedly attached to -
_f_maintain the desired curvature of the cornea. . |
.zo_l,'-'- o . The . present invention describes a method
' ~that allows for the refractive correction of the eye
'wherein the curvature of the cornea is_changed.by
inserting rings of varying thickness into the corneal
stroma._,_ ' ” ; | R
25
- _Disclosure of - the Invention _ _
one aspect of the invention is a methoa for
']nrefractive correction of an eye ror the purpose ‘of
-improVing the vision of the eye Without adversely
30 affecting its natural asphericity  The' amount of -
',correction necessary ror improving the v151on of the
‘eye is determined.- Next,_an intrastromal corneal ring
' (ICR) of a thickness that. w111 provide the determined
S ‘amount of refractive correction is selected from a
'35 'fpluralitylof rings of_varying thickness. - Finally, the..
C 'lirihg_is*inserted'intofthe_corneal Stroma-offthe eyei-
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_ A second aspect of the 1nventlon is a method
.for correctlng myopla in the ‘human. eye. The amount of
'jrefractlve correctlon necessary for correctlng the' '
- myopia is determined. Next an ICR of a thickness
5_"that will prov;de the determlned -amount ' of refractlve :
:;correctlon is selected from a plurality of rings of
'vvarylng thlckness. Flnally, the ring is lnserted into -
'the corneal stroma of the eye. S . '
) _' : Y further aspect of the 1nventlon is a'
L1000 =method for alleV1at1ng excessive asthmatlsm in the
' human ‘eye. The amount of refractlve correctlon
E necessary for allevxatlng the excessive astlgmatlsm is .
determlned Next an ICR of. a thickness that will _
_prOV1de the determined amount of refractive . correctlon'
flS*. is selected from a plurality of rlngs of varylng |
' thlckness._ Flnally, the r1ng is inserted into the
- corneal stroma of the eye.’
. Bri ri t1o the 'aw1n S .
o S ’ Plgure 1 is a schematlc representatlon of a
20 horizontal section of the eye.g_ -
L _ _Figure 2 is a. schemat;c 111ustratlon of the
_;anterlor portlon of the eye showlng the varlous layers
fof the cornea. ' :
_ _ Flgure 3 1s a schemat;c representatlon or a
25 normal eye. - |
c _ Figure 4 is-a schematlc representat;on of a
_ 7myop1c eye. ' _ ' o
' | Flgure 5A is a plan view of an ICR of the
_ 1nvent10n. _ . ' _
.30 o Flgure 5B is an cross sect;onal view of an
: ICR of the ‘invention.
_ Flgure 6 shows the effect of ICR thlckness
“l_on refractlon._ - ' _
_ B Flgures 7a, 7B, 7C and 7D show the change in
'3-35 -.aspher1c1ty when an ICR is 1mplanted 1nto a cadaver'

-eye.'
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Like: elements 1n ‘the draw1ngs bear the same L

=reference numerals.

. Modes for Carry;ng ut the Invention

5. Flgure 1 shows a horizontal section of the

eye wlth the globe 11 of the eye resembllng a sphere
- with an anterlor bulged spherzcal portlon representlng
"the cornea 12. S . ,
RS The globe 11 of the eye . consxsts of three
elo“ﬂ'concentrlc coverlngs enc1051ng the varlous transparent
lufymedla through. wnlch tne light must pass before
reaching the- sens;tlve retina 18. The cutermost
_covering'is a fibrous protective portion the posterior
_ flve-sixths of which is white and opaque and called
15 the sclera 13, and sometimes referred to as the whlte
© o of the eye where v1sxble to the front. - The anterlor
one—51xth of thlS outer layer 1s the transparent
-;;cornea 12. ' o ' S ' _
., . A middle. covering'islmainiy'vascular and
: ZQI-:nutrltlve in funct1on and is comprlsed of the chor01d
'yﬂ; 14, ciliary body 16 and iris 17.  The choroid 14 '
c_fgenerally functlons to malntaxn the retlna 18. The
e5c111ary body 16 ls 1nvolved in suspendlng the lens 21
- . ‘and accommodatzon of the" lens.” The iris 17 is the
25 .most anterior portlon of the middle cover;ng of the
eye and is arranged 1n a. frontal plane. It is a thln
c1rcular dlsc correspondlng to the dlaphragm of a
_.camera, and is perforated near its center by a
. - ¢ircular- aperture called the pup11 19. The size of
'30.- the pup11 varles to regulate the amount of light whlch
. reaches the retina 18. It contracts also to .
'7faccommodatlon, whlch serves to sharpen the focus by .
. diminishing. spherical aberratzon._ The iris 17 divides
. - the space between the cornea 12 and the lens. 21 into
353' an anterior chamber 22 and posterlor chamber 23.p The
' "plnnermost portion of covering is the retina 1s,- B
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j con51st1ng of nerve ‘elements whlch form the true

receptlve portlon for. v1sua1 1mpre551ons. _
' - The retina 18 is a part of the brain arlslng]

'y;as an outgrowth from the fore-bra1n,_w1th the Optlc
ynerve 24 serv1ng as ‘a fiber tract connectlng the _
“-retina part of the brain- w1th the fore-braln. A layer
" of rods and: cones, lying just beneath a pigmented

' eplthellum on the anterior wall of the retina serve as;'
'1v1sua1 cells or photoreceptors whlch transform ' a
_phys;cal energy (light) into nerve lmpulses.

‘The vitreous body 26 is a transparent

_gelatlnous mass which fills- the posterlor four—f;fths

"of the globe 11. At its 51des 1t supports the c111ary
- body 16 and the retlna ‘18. A frontal saucer-shaped

fdepre551on houses the lens.." '

The lens 21 of the eye is a. transparent bl-'

convex body of crystalllne appearance placed between -
'the iris 17 and v1treous body 26. Its axial dzameter
' varzes markedly with accommodatlon. A cillary zZonule.
t 27 con51st1ng of transparent flbers pass1ng between -
_d the c111ary ‘body 16 -and lens 21 serves to hold the
- lens 21 1n posztxon and enables the clliary muscle to .
lfact on: 1t._;‘ S o ' .

Referrlng agaln to the eernea 12 th;s

routermost flbrous transparent coatlng resembles a
7watch glass. Its curvature is somewhat greater than'
- the rest of the globe and is 1deally spherical in '
d“nature._ However, often it is more curved in one
: merldlan than another: g1v1ng rise to ast;gmatlsm._ Af
-_central third of the cornea 1s called the Optlcal zone
with a slight flattenlng taklng place outwardly
‘thereof as the cornea thlckens towards its. perlphery.-
.Most of the refractlcn of the . eye takes place through
_ the. cornea., : - :
35

Referrlng to Flgure 2 a more detalled _
draw1ng of the anterlor portlon of the globe shows the

Z‘varlous layers of the cornea 12 ccmprlslng an
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ep;thelzum'sl.. Eplthellal cells on the surface

ffthereof function to mazntazn transparency of the -

: cornea 12.° These eplthellal cells are rlch in -
-glycogen, - enzymes and acetylcholine and thelr act1v1ty
t‘regulates the corneal .corpuscles and controls the
*'transport of water and electrolytes through the

| lamellae of the. stroma 32 of the cornea 12.

An anterior limiting lamina 33, _referred tolfi"

o .fas Bowman's memhrane or layer, 1s p051t10ned between
5 ']The stroma 32 15 comprised of lamella hav1ng bands of.

the eplthellum 31 and the stroma 32 of the cornea..-

“”_rfxbrlls parallel to ‘each other and cr0551ng the whole

15

20

25

30

35

| of the cornea. While most of the fibrous bands are _
- parallel to the surface, some are obllque, espec1a11y'

anteriorly. A posterlor llmltlng lamlna 34 is

' referred to as Descemet’s membrane.’ It is a strong
f.membrane sharply defined from the stroma 32 and
-reszstant to pathologlcal Pprocesses of the cornea.

- The endothelium 36 1s the most posterlor_f

: 1ayer of the cornea and con51sts of a 51ngle layer of
. cells. The limbus 37 is the trans;tzon ‘zone between
.fthe conjunctlva 38 and sclera 13 on the one hand and .
*t-the cornea 12 on the other. ' '

Flgure 3 shows the globe of the eye hav1ng a
cornea 12 with a ‘normal curvature 41.  If parallel '

_ _rays of 1lght pass- through ‘the corneal surface of
' Figure 3, they are refracted by the corneal surfaces

to converge eventually near the retina of the- eye.

‘The dlagram of Figure 3 dlscounts, for the purposes of
" this. dlSCUSSlOﬂ, the refractlve effect of the lens or
 other portions of the eye. The eye depicted in Flgure
4 is myopic. ‘The corneal curvature 43 causes the =
nilight rays to refract 1nto focus at a polnt in the '

vltreous body which'is short of the retlnal surface.

Ir an ICR is 1mp1anted into the chord of the cornea .

such that the radius of curvature of the cornea 1s
unlformly 1ncreased the central curvature of the

O Reeived T 2hni0N Print Tine 12 hor. 11:04
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cornea 1s flattened. nght rays refracted by the now -
-flattened ‘corneal surface will be refracted at a

smaller angle and thus converge at a more dlstant
:p01nt such as directly on the retina. .
5 The method of the present invention is
" ;concerned w1th a system for adjusting an annular chord :
"{of the- cornea to increase the radius of curvature of
"-the cornea wrthout adversely affecting its natural _
i 'aspherlclty. -Where there rs serious astlgmatlsm the |
110 natural asphericity w111 not be altered such that the
' - astlgmatlsm will be 51gn1f1cant1y 1ncreased.' However,-'
'-,where there rs s19n1f1cant astlgmatlsm that results 1n
_ 1mpa1red v1s10n, the. method of the invention may
_actually 1mprove the aspherzczty to reduce such
15 = astlgmatlsm and 1mprove v1szon. Referr;ng to Figure
) 2, ~an 1ntrastromal corneal rlng (ICR) 47, hav1ng a
- Cross sect1ona1 shape as shown in. Flgure SB is shown
'1mplanted in the stromal layer of the cornea.. By
. selecting the: thlckness of the ring according to the
:20 -'amount of correction necessary, the rays refracted by
. the cornea and’ other eye .components - can be brought to
focus directly on: the retrna 18. The thlckness of the
-ring may be " between 0. 05 mm and 0.60 mm. Such a r1ng
- placed approX1mate1y at the 8 mum - chord of the cornea
;25.i'prov1des a means -for makrng such a correctlve
. _adjustment L o g
' Flgure SA: shows a preferred ICR of the
1nventlon. ‘The. ICR rs comprlsed of a generally
_-tc1rcular member havxng splxt end portions. The r1ng
30 is comprised of a material whlch has suffic1ent
| o stiffness to maintain its generally c1rcu1ar shape.
. The material. should have properties that render it
._phy51olog1cally compatible with the tlssue of the
- cornea. Aan illustrative materijal is a. - Plastic type
35 mpaterial sold under the trade name of PLEXIGLASS“
o 'however many other b;ocompatlble polymers are useful
'-:_1n the 1nvent10n. The cross. sectlonal shape of the

Rebéived:Time : '12LApr.10:37._ :i | .;Print Time } 12, Apr. 11:04



ROM (ki) 4. 11° 96 19:49/8T. 168:40/NO. 3760435606 F 28

SR

ThHIIIIIIIIIIIIIIl III L s

rzngs is. that of Flgure 5B and 1s generally
dinmensioned to be. about 1 mm- from point to’ point’
' (dimension x) and from about 0.05.mm te.o .60 mm in -
- _-'tnlckness (dlmenszon Y). ' - _
5 _ Even where the eye is not myopic, the method .
- of the present 1nventlon may be useful to alleviate
'jexcesslve ast;gmatlsm.
_ In the ‘method of the 1nventzon, the
, : phys;clan w111 determine the amount of corrective _
10 refraction necessary to improve a patlent's vision.

“ 'From the determxnat;on of necessary correctlve B
'_refractlon, the physician will choose an ICR from a _
_'panel of ICRs of varylng thickness. A typzcal panel

- of ICRs will consist of 5 ICRs with the following

- 15 thlcknesses' 0.25'mm, 0.30 mm, 0.35 mm, 0.40 mm and
. 0.45 mm, . The" corrective refractzon for those ICRs are
‘as.follows: - between 1.0 and 2.0 dlopters for the 0.25
mm ICR, between 2.0 and 4.0 dlopters for the 0.30 mm
| '-ICR, between 4.0 and 8.0 dlopters for the 0. 35 mm ICR,
20 " between 6.0 and 10.0 diopters for the 0.40 mm ICR, and
between 8.0 and 15.0 dlopters for the 0.45 mm ICR. It
_ should be noted. that these values are for ‘ICRs. of . -
';cross sectlonal shape shown 1n F1gure SB.- The amount
- .of correctxve refractlon fer the. var;ous thicknesses.

.25 of ICRs of dlfferent cross. sectlonal shaped rlngs may
'dlffer from those values.'j.[, |
After the physicxan has selected the
_approprlate ICR,; he/she w111 proceed to insert the ICR
~ into the corneal stroma of ‘the eye. The ICR is o
301"1nserted through a 2.5 mm obllque keratotomy incision
. placed peripherally into’ ‘the ¢orneal stroma. Prior to-
_;rlng 1nsertlon, a channellng blade 1s inserted at the
' ~depth of ‘the incision and a c1rcu1ar channel. 1s cut _
into the corneal stroma. Proper centering of the cut
=3sf_-_1s accompllshed by nse of a- centering device. that '
L allqns the channellng blade. “The ring is then .
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| ”"'-shown in Flgure €. . Excludlng the data from the 0.41
:ICR whereln an air bubble artlfact ‘was dlscovered the
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any manner. :
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ylnserted and the ends are secured by fastenlng one end o
'hto the other. ' ' ' '

‘The follow1ng examples are intended to
further lllustrate but not to llmlt the znventlon 1n '

Ergmple

In order to deflne the’ corneal topography

- .fthat results from the ICR thickness effect, ICR’S of.
10 '

0. 26 0 31, oO. 36 0.41 and 0. 46 mm thlckness were

nﬂlmplanted 1nto deturgesced ‘cadaver eyes. * The average
- spherical rad11 of curvature were measured using a
'_,Kerametrlcs class Ix Corneal Surface Analyzer whlch

uses laser holographlc 1nterferometry to measure
corneal topography. ‘The results of this study are:

corneal . flattenlng relatlonshap is approxxmately
llnear.- ‘That is, there is. approxlmately 1 dlopter of

”'flattenlng for each 0.02. mm 1ncrease in ICR thlckness -
- for- the glven range of ICR slzes. .' '

. In order to determine the - effect of ICR’s on
the natural aspherzc;ty of the cornea, the corneal

topography of an eye: was measured before ‘and after ICR

: Lnlmplantatlon uslng the Kerametrics Class II Corneal’

x 30

Surface Analyzer. 'The Analyzer uses laser holographlc_

'1nterferometry to measure corneal topography ' The
.results of these measurements are presented in unlts
.of waves of devxatlon from spher1ca1 in Flgures 7A,
7.713 7€, ana 7D for-an ICR Of 0.30 mm thickness. These

o curves exaggerate the topographzcal Qeviations from a -

35

spherical surface yet measure the entlre corneal

. surface to a hlgh degree of accuracy 'The measurement
. of the cornea before and: arter implantation of the. ICR
flndlcates that the natural aspher1c1ty of . the cornea

fRéceived-Timeap. 12;Abf}l0137:. : _Priﬂt.Time - LA 11203
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ezls not ellmlnated and that the central portlon of the
cornea becomes more symmetrlcal as 1nd1cated by the
proflles measured at 0 degrees (the top of the cornea)
~ and a point 90 degrees removed. Flgures 7A and 7B ;'
-5 . show the. cornea of a cadaver prior to ICR '
' 1mplantation. Flgures 7¢ and 7D show the same cornea
'after lmplantatlon of an ICR of 0.30 mm thlckness.

'u-10“.'1;'~ . Four human patzents were implanted with o. 30
: “’mm intrastromal corneal rzngs. The ‘visions of the
'_patlents prlor to surgery were measured to be. 20/400
: ;20/400 ’ 20/200 ' and 20/400. Twelve hours follow1ng
R surgery the visions had 1mproved to 20/15, 20[30,-
15 20/40, and 20/30.  There was no serious trauma to the
B  eyes of any of the four patients. S

_ Modxfxcat;ons of the above descrlbed modes
_ for carrying out the 1nventlon that are obvzous to
zo'lgpersons of skill in the fields of medicine,
) 'ophthalmology,_optometry and/or related fields are
intended to be w1thln the scope of the followzng
'ﬁ clalms. ' '

25
39'1

- 35

Th1s Sheet Has Been Replaced -

“-.Rédeivédctime R 12.Abr.10f37u. o IJ.Print-Timé 12 Apr 11:03 8




" FROM .

’ '(ka)e4.11'§s 10:49/ST. 168:40/NO. 3760435606 P.31

'-11_

1. A method for refractlve correct;on of
_an eye for the purpose of improving the vision of sa;d
. eye without adversely affectlng its: natural '
5 aspher1c1ty, sald method compr151ng. _
| '.(a) determlning an amount of refractxve
_'correction necessary -for 1mproved v1s1on 1n said eye,
. - (b} prov;dlng a plurality of 1ntrastroma1
' corneal rlngs (ICRs) of varyzng thzckness, E '
10  (c) selecting frem said plurality of ICRs.
: '_'an ICR of a thickness that prov1des eald amount of
' refractlve correctlon, and ' '
| _ o (4) '1nsert1ng the selected ICR into the
_ o corneal stroma ‘of sald eye. o '
15 R
' . 2.f The method of clalm 1 whereln the
'__thlckness of the ICR is between 0.05 and Q. 60 .

3.  The method of claim 1 wherein the
20 .refract1ve correction is between 1.0 and 18.0
' diopters. ' S |

4. The method of clalm 1_wherein’the *
_ -refract:we correct:.on is between 1.0 and 2.0 diopters
25 - and the. ICR is Q 25 mm theck[

5. . .The method of clalm 1 vherein the _

_refractlve correction is between 2.0 and 4.0 diopterse

. . and the ICR 1s_q,30 ‘mm thick. s -
30 | S | |

_ 6. The me+ho&'of cleim.l ﬁnerein the
‘refractive correction is between. 4. ° and-s.o,diopters
and the ICR is 0. 35 mm thick. ' | ' |
35 : 7. - The metnod of clalm ‘1 wherein the

refractlve correction is between 6.0 and 10;0 diopters

and the ICR is 0.40, mm thick. .
This Sheet Has Been Replaced
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o 8; " The method - of claim 1. whereln the
_'refractlve correctzon is between 8. 0 and 15.0 dlopters
and the ICR 15 0 45 mm th;ck

.5"?- ' _: 'uis;" A method for correctlng myopla 1n a -;m_gf
.:i,fhuman eye, said method- compr;sxng. o
_”: _',n(a)x determlnlng ‘an amount of refractlve '
'q;correctlon necessary to correct sald myopla,- . :
o _ “_(b) provzdxng a plurallty of 1ntrastroma1
10 .;corneal rings (ICRs) of varyzng thickness; - g
- R ' '.(c) selecting from sald plurallty of ICRs .
an ICR of a thlckness that prov1des said amount. of '
refractzve correction; and : o .
_ N ‘. (a) 1nsert1ng the: selected ICR 1nto the
.18 'corneal stroma of the eye._'

. - 10. The method of claim 9 whefein{the |
fthlckness of’ ‘the ICR is ‘betweén 0. 05 andfo.so mn.

'J_ZQ;-'-f'e_ T The method of claim 9 wherein the .
'j"refractlve correctzon LS between 1.0 and 18.0
.fdlopters.-f"" ' C ' o

_ 12, The method of claim 9 wherein the
25 - ;refractlve correctlon is between 1. 0 and 2.0 diopters -
;and the ICR is 0.25 mm. thlck ' :

o 13.. The method of clalm 9 whereln the
R refractlve correctlon is between 2 0 and 4.0 dlopters
-’30 ~‘and the ICR is 0. 30 mm thJ.CR. :

. 14._ The method of c1a1m 9'wherein'the o
f'refractlve correction is between 4. 0 and 8.0 diopters
_ -7and the ICR 1s 0.35 mm thlck. - |
35
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18, The method of clalm 9 whereln the

refractlve correctlon is between 6.0 and. 10 0 dlopters
gand the ICR 15 0. 40 mm thlck.

16._ The. method of c1a1m 9 whereln the

-refractlve correction is between 8 0 and 15. 0 dlopters ;f

't"ntand the ICR is 0. 45 mm th;ck.e

186

25

- 17. A method for alleviating excessive
astlgmatlsm in a human eye said method comprlslng.- ;
“(a) determlnzng an amount of refractlve

o correctlon necessary for allev1at1ng the excesslve

astlgmatlsm 1n said eye,'.. : _
(b) prov1d1ng a plurallty of 1ntrastroma1

_corneal rxngs (ICRs) of varyxng th;ckness,

(c) selecting from said plural;ty of ICRs

"an ICR of a thickness that prov1des sald amount of
"refractlve correctlon, and

(d) lnsertlng ‘the selected ICR lnto the
corneal stroma of the eye._ﬁ ' '

.18.. The nethod of claim i7 wherein the

-_Lntrastromal corneal rzng has a thlckness of between g
about: 0.05 and 0.60 mm.__h :
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