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 This inventxon is a surg;cal dovice for.

_producang a generally circular, 1nter1ame11ar .pathwvay
. wzthin the . corneal strona of the eye.

The. devxce is made
up of three major components' a vacuum contering gu;de

| . having an inner bore which fits at one end against the

15

25

35

20

' cause visual dlsorders.

- front of the eye, a barrel which £its within the-inner
‘bore of the centerxng guide and to which is attached the
'third major component, a generally circular dissecting

rzng. The d;ssecting ring is shaped in such a. wvay that

.when an eye surgeon twists the barrel to whzch the ring -
:’is attacned,-the ring moves through the interlamellar
_soace.in the-strona_producing'the_desiredfchannel or
‘pathway. '

The. centering guide may optionaily”include a

‘ring having one or more pins which firmly engage tne
' _cornea s eplphiliuma-

The constztuant parts of the
surgzcal devzce, particularly the dlssectlng ring, also -

- form a part of this ;nventzon.'

A split ring, or 1ntracornea1 ring (“ICR"), is

e.rlnserted into the intrastromal passageway produced by the::
inventive dev;ce._

‘The ICR changes the shape of the

cornea and, in doing so, provides a chosen measure of
:visual correction. .

_-mmg.gng of the Invention

Anomalies in the overall shape or the eye can
Hyperopia ("fars ightedness )
occurs when the front-to-back distance in the eyeball is
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ltoo amall._ in sucn a case, parallel rays orzgxnatzng
f:groater than 20 feet from the eye focus bah;nd the -
- retina. In contrast. wnen the tront-to—back distance of
"leyeball is too large, - myopia ("nearsightedness"®) ‘occurs
. and the focus. of parallel rays entering the eye occurs 1n

"';front of the retina. Astigmatism is a condition which

10

"foccurs when the parallel rays of lzght do not comc to a

luﬁszngle point within. the eys, but rather have a varlable

~ focus due to the fact ‘that the' cornaa is aspherical and
refracts light in a different meridian at different

g ;dxstances. Some deqrca of astignatian is. normal, but
-wnere it is too high,. lt WISt often be corrected.

Hyparopia, nyopia, and astignatisn are usually

" ‘corracted by glasses or’ contact lenses. Surgical methods

1S

- for the corrcctzon of such disorders are known. Such"

mcthods anluda radial keratotony (see, e.g., U.S.

:l“,Patcnts Nos. 4, 815 463 and 4, saa , 570) and lascr carnaal._

20 .

"'-ab:l.at:.on (see, e.g.. u.s. Patent No. 4,941, 093)._

Anothar method for cc::ecting those disorders -

_is tnrouqn tha inplantation of. poly-aric ringa in tne

'-_5eye's cornoal _stroma to chanq. the curvaturc of the

a8

N 30

f_cornca. Previcus work invalving the implantation of
__'polynnthylnnthacrylato (PMMA) rings, allograft corneal
. tissue, and: hydrogals is well dccn-antad _One of. the .
ping davieos involvas a ring dasign that allows a splzt-
" ring to be inserted into a channel dissected in the . B
'stromal layer of the cornea usihg a minimally i.nvas:l.v'e '
_'inelsion threngh which the ‘channel for the implant is
“craated and through which the implant is inserted. ;

' U.S. Patent No. 4, 452 235, to nnynolda,

-daseribas a nathod and apparatus for corneal curvature.
'adjustmont._ The method.involves inaarting one cnd of a

:g=split end adjusting ring into the cornea of the eye and .

N movxng the ring in a. circular path.until its ends meet.
s

Tha -ands arc tnarcattar adjusted rclativa to each’ othar-f

T '
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. until the shape of the eye has assumed a desired
_ _curvature whereupon. the ends are fixedly attached to
- ‘maintain the desired curvature of the cornea.

y Altnougn the procedure for introducing ICRs
5 -.into the intracorneal ‘stroma is known, our inventive
. insertion devices used to implenent these procedures is

- mot shown. S
o e Vaouum devxces userul for ocular surgical
. - ]_procedures are, however, common.. For instance, u.s.
- ;;5f19f Pat. No. 4,423,728, to Lieberman, shows a caneguided
o '.f.trephine for. selectively cutting a circular or V-shaped'
' groove about. the cornea. The device utilizes a pair of -
";suction rings. which. affix the. apparatus onto the sclera
| " of. the. patient's eye. The vacuum is usually less tnan
;le'l-about 10¢m. of water thereby avoiding raising the '
R 1ntraocular pressure above the physiolegical levels.  The
‘'suction: ring lies in the anatomically constant area Just
:outside the limbus.. '
N similarly, u. .S, Pat. ‘No. 4, 997,437 to
'"7.-20,~-Grieshaber, shows a process and apparatus for. cornea
. grinding. The device has a base member which is held to
'the conjunctiva of the eye by vacuum space formed abcut
the periphea of the cornea. A rotary grinder is attached.
| -ﬂ:to ‘the base member and - slides onto the eye through the
25 _interior bore or tne base’ memner. ‘No provis;on is made
. for preventing rotation of the base member.
i ' "'None of these disclosures shows the combination
'fot deVioes similar to these disclosed herein.
o : Suggestion of blunt points or diseectors for
fsozgjproducing .channels within the interlamellar boundaries
' are found. _See, ‘for instance, U.S. Pat. No. 5, ,090, 955,
" to. Simon and "Intrastrona- " Implantation Eines
~ Justierbaren xunstofrorit ‘Zur Hornhau Trefraktior.
_ -_Saneftung“g-ﬂartnann et a. , Kongress der Deutschen'.
'35 Ges- .schaft flir Intrackularlinsen Implantation, pp.
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L 465-475. They do not suggest the special relatzonshxp

" shown with the dissector suppert. - .

L An optzonal aspect of this 1nventxon is the use'
B : of .pins which engage the rront of the eye to pravant
.5 :otatzon of the inventive device during use.

o U.S. Pat. No. 4,429,696, to Hanna, shows a
Zsurg;cal apparatus tor preczsely cutting out the cornea _
of the eye by nakzng at least one c;rculat incision. The

. Jdevice is held to the front of the eye by a series of
10 .claws, whxcn optzonally nay be retractahle, and suction
-*_f7placed ‘on the: central portion ot the eye during the = -
lﬁjcutting operation. There is no suggestion of using. the
- claws in cooperation with an annular vacuum ring.
L Finally, the inv‘ntion may optionally includc a
15 soft. base conformable to the surface of the eye.
o ' ‘Such devices are knoun. See, for example,
"f-publishad PCT Applieation w091103711, to xilncr et al.,-
) 'shows a device for rc—ptotiling a cornea. The device_
. rests on a rcsiliant ‘vacuum ring which is adapted to sit
.20 _-on tha sela:g pprtion of ap aye whieh surrounds the
" cornea which is to be re-profiled. The. top side of the
T vacuum r;ng ‘has a nunhc: of positioning pins which allow
,'it to ba canncctad to tha remainder of the protiling
o : ~apparatus. : o :
'“";"2512' " The invcntion dcsc:ih.d herein is a device for
'~ preducing’ in the corneal stroma, the circular pathway
- na-dad for tna insertion of the ICR using a suction ring_
- uhich dctachably adheres to ths front of tha eys.

- rigu:c 1 is a horizontal -action of an eye..
_ Eiguro 2 is a.horizontal saction ot the '
-_.antcrior portion ot an aya. :

This Sheet Has Been Rzmlaced

||II|I|| l||||| I

TT';REQGivédfTiméf.; lZ.Eﬁf,ll;fZ: ,"'. Print Tine - 12, pr. 11:52



o mew . - U . ' ('I‘L-IU) 4. 11° 96 20:21/8T. 20:05/No. 3760435610 P 17

‘wooesae%.s B PCl‘/US93/03214
-5-

R T Figure 3 is a front perspeetive view. of the _L
PR {jiconstituent parts of the ‘inventive vacuunm deViee and
- tneir relationsnip to. the eye. durinq use.
| S Figure 4 is a battom vxew of the base of the
‘5 vacuun device. : o -
o Figure 5 is a bottom view of the . centering
- insert for the inventive device..--- :
L Figure 6 is a bottom view of the. dissector ‘and
- its supporting insert bartel as used in the inventive
10 “devzce. . '
B SR Figure 7 is a side ‘view of the dissector blade.""
-,:Figure 7a is a side cress-eeetion of the dissector blade..
"Figures 7b and 7¢ are top and 51de views of the tip of |
. - the dissector blade.- _ : '
'_'515 i'. S Figure 8 is a side cross—section view of the
. _77vacuum device in place on- the eye during the step of
';making the initial incision tor later installation of an’
ICR. - : '
. o Figure 9 is a s;de eross-sectional view of the |
”_.;20" vacuum device in place during the step of disseeting a.
- circular channel in the corneal stroma.
! Figure 10 is a bottom View of a variation of
-thé:invention utilizing multiple vacuum chambers.
R - Figure 11 is a side cross-sectional view of the
28 ¢ inventive variation shown in Figure 10. _ '
.“ - Figure 12. is a bottom view of a variation of
the invention utilizing a single chamnber in the base._
B .f Figure 13 is a partial side eross-sectional
-+ ' .view'of a variation of the invention shown in Figure 12.
30 S Pigure 14 is a bottom view of a variation of -
' " the 1nvention also utilizing multiple vacuun ehambers.
_ ~ Figure 15 is & partial side eross-seetional
. view of the variation shown in Figure 14.
— ~ Figure 16 shows a soft insert suitable for
- 35 ﬂprodueing a vacuum on the front of tne eye.
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_ , _ Figurcs 17 18, and 19 are enlarch ide cross-
__.sectional visws of peripheral or outcr edge of the vacuum
Tg'basa whora they would naat the eurfacc of the. eya durinq
SRl '__ E T BT -
g Pzgure 20 shows a botton view of a variaticn of
' ':7:th¢ davxee Hhxch 1ncorporates radial walls within ‘the
- vacuum chamber to halp prevant rotation of the vacuum
‘base during ophthalmxc oparations.' ' - -
o - Figures 21, 22 and 23 show partial cross-
-10"_sa¢tianal views of three variations of the radial wall
B © devices. placed in the vacuum chanber ahown in. Figurc 19.
3 Figure 24 is a bottom view of a ‘vacuum device
j;snowxng. in particular. ‘an insert utilizxng a nunber of -
o pins for engaging the. anter;or surtacc of tha cye dnrinq
' 15 the: cye surgary o -
IR Figure 25 is. a sidc view crass-scction of the
"]devicc ot Figure 24.-. S = : S
, ' riqures 26, 27 28. 29 and 30 dapict tna steps .'
_ .. of using the invcntzva dcvica to prcparc thc eye and '
20 install the ICR in the corneal stroma. | |
- . Figura 31 shows the positioninq of the ICR in
.~ the strona. :

... Description of the Invention
.. 28 - o Prior to explaining the dataill ot th.
' ;['inventivc dcvicos, ‘a ‘shert explanation of tha physioloqy L
raot the eye is naadad ‘to appreciate the tunctional '
. rclationahip ot tha davicc to the eys.
 'Pigure 1 shews a herizontal caction ot the eye
'_[°3ofvawith tha gloha 11 of the eye resembling a lphara with an -
. anterier bulgod spharical pprtion_roprosonting.thc_cornqaf
o1a. - ‘ |
i . The globa 11 of tho eye consist: of three
S H-_7concontric coverings enclosing the varioul transparent
-;,ﬂ;s ,5nad;a through which the. light must pass before reaching
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: '9rthe sensitxve retxna 13,_ The' outermost covering is a

fibrous protect;ve port;on, the poster;or ‘£ive-sixths of

.f_which is white and opague and called the sclera 13,: and
('sometines referred to as the white of" the eye where I
- visible to the front._ The -anterior one-sxxth of this

"'J_f;outer layer is the transparent cornea 12,

:r;s .

A middle covering is - mainly vascular and

.'.nutritive in runction and - is comprised of the. choroid 14,
. .Q.cxlzary_body 16.and iris 17.- The choroid 14 generally.
10
- is 1nvolved in suspending tne 1ens 21.and accommodationl
of the lens.- The 1ris 17 zs the ‘most anterior pcrtlon of
"fthe mlddle coverzng of the eye and is arranged in a-
. frontal plane.: It is a thin c1rcu1ar disc correspondlng
‘to the d;aphragm of a camera, and is perforated near its
‘center by a cxrcular aperture ‘called the pupil 19.' The

functions to maintain the retina 1s. The ciliary bedy: 163

'-.:jsize of the pupil varies to regulate the amount of lxght

which reaches the retlna 18. It contracts ‘also to

' 7-raccomnodatxon, which serves to sharpen the focus by

dinin;sh;ng-spner;cal.aherrat;on, ‘The iris 17 divides

fftne'space between the cornea 12 and the lens 21 into an
'.anterzor chamber 22 and posterior chamher 23. The

5f;§1nnermost portion of cover;ng xs the retlna 18.

35

_ _rf_consxstlng ‘of nerve. elenents wh;ch form the true
S 25 -

receptlve portion rcr visual impressions. _
' The retina- 18 is a part of the brain ar1slng as

V_Ian outgrowth from the 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, lying just beneath a pigmented epiphilium'on the
anterior wall of the retina serve as visual cells or

.phctoreceptors which transforn physical energy (lzght)
'711nto nerve impulses..

‘The vitreous hody 26 is a transparent

';gelatxnous mass which fills the posterior tour-fiftns of
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”'otho globe 11.‘ ae its sides it supports tho cxlxary body -

.1_16 and the retina 18. A £:oatal saucor-ohapod doprossxon
'f:housos the lens: T - -

The lens 21 ot the eye is a tranaparent bi-

- convex body of crystall;no appoaranee placod hotwoen the
ivis 17 and v1treous body 26.  Its axial diameter varles '

'a'lmarkedly with accommodation. ‘A ciliary zonule’ 27,

10

s

::fconsxstzng ot transparont £ihors pass;ng hotvoon tho
+ ciliary body 16 and. lens 21 serves to hold the iens 21 in
-_position and onables the ciliary nusclo to act on it.

Roforrxng aqaxn to the cornea 12, this
outornost tibrous transparent 'coating resenbles a watch-

':glass. Its curvature is sonowhat greater than the rest :

of tho globe and is 1doa11y spherical in nature.

__Howover, often it is more curved in one meridian-than .
~ _ anether giving rise to astignatisn. A ccntral thx:d of

"-;the cornea is called the optxcal zone . with a slxght

3.5. :

'-otlattening taking place outwardly thereof as the ‘cornea
' _thackens tovards its periphery. Most of the ro!ract;on-_

.20 of the eye takes placo ‘through the cornea.

T Roforring to riquro 2, a more detailed dravzng

- ;o! the anterior portion of the globc, shovs the various

- layers of’ thc cornea 12 conprisinq an opitholiun 31.

"Bpitholial cells on the surface thoroot tunction to

_maintain t:ansparoncy of the cornea 12. These epithclial
-cells are rich in glycogon, onzynnl -and acotylcnoline and

. their activity regulates the corneal corpuscles and

.”oontrols the transport of water and electrolytes through

- the . lannllao of the strema 32 of the cornea 12.

300 :
3 Bowman’s n.nbrano or layo:, is politlonod bstween the
'}epiphilium 31 and the stroma 32 of the cornea. ‘The
-stroma 32 is conprisod of lamella having bands of tibrils

"..parallol to each other and. crossing the whole of the

~cornea. while most or the :1brous bands are parallel to

. An antorior 1imiting lamina 33, referred to as

Sheet Has Been R-ﬁawd .
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thelsurface, some. are eblique,'especialiy anteriorly. A
- posterior 1imit1ng 1am1na 34 is referred to as Descenmet’s
| 'nenbrane.. It is a strong menbrane sharply defined from
_-_tne stroma 32 and resistant to pathologlcal processes of
.5 the cornea. o - L
_ The - endothelzum 36 is the most posterxor layer
. _of the cornea. and consists of a single layer of eells.,_
- ' The limbus. 37 is the transition zone between the -
Zconjunctxva 3s and sclera 13 on the one hand and the
~1o'_-cornea 12 on the other. . _
N Figure 3. shows the varlous conponents used in
"fthls 1nvent1ve surgxcal device._ The support base (50),
_j;ncludes an ‘annular czrcumcorneal vacuum ring (52) at the N
tf.end prox1ma1 the cornea and a cylxndrxcal or central bore
15, - (54) extending from the end of the ‘support base distal
. the eye (56). '~ The support ‘base (50). typ;cally contains a -
'-7v1ew1ng port (SS) through the extension wall of the base
.to allow the surgeon to make the in1t1a1 incxszon into’
¥ uthe eye and to clearly view the operational steps which
' 20 __take place at the ‘corneal surface. The vacuum is brought:
. in from vacuum source line (58). _The circumcorneal _
- vacuum ring (52) is configured so that it meets with and |
. seals to the front of the eye renderlng the support base
_:.”(50) relatavely immobile when the ‘support base is applied'
"_f"isf'jto the front of the eye (56) and a suitable vacuun is
- _ 'applied to the vacuum source line (58). The vacuum _
| fﬁtchamber forms an annular ‘vacuunm .space against the front
[of.the_eye.- The support ‘base (50) may also have a pin’
o fi{_(go) uhich:serves:as_an_antirotatery device for corneal
'_fao”ﬁlcentering guide (62). ’Aléd'shown'in”rigure 3 is the
. 'incisor blade (68) which is inserted by the surgecn - |
- -through. the' viewing port (55). -An incision blade (68) is
.of a size and configuration which allows tha knife to
. L enter the cornea at a deptn and anqle suitable for later -
.. 3% .. -

i i
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'gintroduction of the d;ssecter biade (66) inte the

' . 'intraceorneal stroma.

Figure 4 lhewe a bottem view et eupport haee-

' (50) in wnlch the circuncorneal vacunn ring (52) may be

clearly vxewed. " The cirrunco:neel vacuun ring 152) is

. nade up of an. 1nner uall (70) ternznating on 1ts xnside
" by the central. bore (54) . The. central bore (54) Ls at -

I'-'1east 1arge enough to see the entirety of the dissector.

o 'fﬁblade '(66). as- zs d;scussed ‘below. The central bore (54)
10"

:nas an atis wnlcn substantially coincides witn the axis

. of the dxssector blade. The central bore (54) is desir-

be one or more rxdgee (74) which extend down to the

' 'jjcerneel vacuum ring (52) to prevent rotetien of the

38

'Jsupport ‘base (50) during any surgical opsratioen.
}fv::iations of the’ ridge design will be discussed below
- with reqerd to. Figuree 20 threugh 23. The epening (76)
1.ta ‘the  vacuum source line (58) is shown in rigure 4. '

rigure S shows a hotten vieu of corneal

.centering and. fixetien guide (62). This guide (62) tits
:down within the inner harrel (54) of eupport base (50)

and a groove (78) wzthin the outer surface of the guide
slides over and engages pin (60). In- this way, corneal

_‘cantaring and fixation guide (62) doas not rotate with
'”.reepect.to support base (50). The inside bore (80) and
the ret;ele are usad to allow centering of the support

L woenor63 T perussnans

ﬂably of a 1ength such that the ratio of the bore’s length

. to its diameter 'is between 0.25:1 and 15:1;. specitlcally

:'~between 0.451 end 1:1; at least abeut 1:1 and less than'

_about 3:1; or at 1eest about. 3 1 up to about '15:1. _

_Preferably; the ratio is about 2.5:1. This sizing allows
_i”easy manipulation by the surgeen. - The outer vacuum ring

 wall (72) desirably forms the outside of ‘the support base

- '*.(501. Interior tn the circumcorneal vacuum ring (52) may

.._  corneal surface when the support base is attached to the
‘guida. The ridges are poeitioned within the circum- '
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: baae (50) about the cornea and to allow making a marking
" eut with incision marker (63). Once the surgeon
- determines that the. support base (50) is properly-
. p 'centered by using the corneal centering and fixation
TﬁSf"guxde (62), vacuum is applied through vacuum source lxne
. (58) and its terninal opening (76} in. the c;rcumcorneal
vacuum r1ng “(52) .. '
' - once support base (50) is attixed to- the front
L ';of the eye, the corneal centerxng and. f;xat;on guide (62)'
"'Iddpﬁls removed from the center bore (54) of the support base
. (50) and - the incxszon for insertion of the dzssector.
‘blade (66) is made. After the initial incision is
-'fcompleted the dzssector barrel (64) is xnse:ted down
~°  -into the inner bore (54) of the support base (50) The
=;15fuddzsseetor blade {66) - is attached to the ‘dissector barrel
© . 1(64) by d;ssector blade suppcrt arm (84). Aas the barrel
' rotates, it: defines a- barrel axis. The bar:el axxs is
7gcoine1dent to the blade axis discussed below. =
- R F;gure 7 shows the desired features of the
'-.-20'fﬁdissector blade (66) in greater daetail. The blade, in
“"_-cross-section. is desirably rectangular in cross-sectlon.i
'Thxs permits a large amount of material to be _ :
R ncorporated in the blade and yet form a substantially -
.f;frectangular path in the interlamellar spaces of the
.'a_zsl_ corneal stroma._ The blade (66) as ‘'was shown above, is 1n_ L
“the shape of a major -arc.of up to 350° havxng as its
Qpcenter the axis (6S) as shown in Figure 7. The blade’s
B _major arc is in a plane perpendxctlar to that axis (65).
“ The blade may be tapered on. its smaller edge as is ‘shown
N 30 - in Fzgure ‘7a and indeed may he of any ‘convenient shape
' although we have £ound the two noted cross-sectional
shapes (i.e., reetangular or hexagonal in vhieh two
_-fopposite sides are longer than the remaining four)} to be
- --preterred. "Figure 7a shows the_cone angle (67) of the
'35  dissector blade as is discussed below and the diameter

i Sheﬂt [iii'ﬂileillllﬁlaced
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| (69) of the dissector blade (66) . Tnis diamster 1s
_ :prctcrably wviewable th:ough tne uppcr cnd ot tho
o dislector barrcl (64). :

The bladc is torned so that. the. dzssector blade

*.support ara (84) is at an anqlc a of up to -about’ 80°.

The angle ot tne bladc support arm - (84) to the plane of -

" the blade (66) may be a value of 0° to 90*, It is

- preferably betwaen 0° and 80°, more preferably the angle
" {g 10°=50° and most preferably about 34° (+ 5°} to the .
plane of d;ssoctor blade (66). This angl. results in the
"dxssector bladt support arm (84) “being generally perpen~

d;cular to the cornea whnn it is inserted 'into the

, ;ncision p:ovid.d for introduction of the dissector ‘blade

" (66) into the corneal stroma.” This angle, although net
‘absolutely critical, is desirable and has been found to
. . prevent tearing of the opiphiliun during ‘the corneal
',?opnration. ‘The 1cngth of blade angla support arm (84) 15-?

" sufficient that the entire dissector blade is visible

.20

.28

&1

"' through the top of the dissector barrel during use--see
:-riguro 6. As vas not.d with ragard to Figura 3, the
‘guter dianetcx ot the dissector barrel (64) is the same
'f as the bore. (54) of the base (50) | The overall rolation-,
. ship ot the sizes of the dianntlr of tnp arc (69) of the
_blade to the length of the dissector barrel is desirably
‘chosen so that the ratio of that length to’ tho are
:dia-n:cr is between 0.25:1 and 15:1, cpncitically between
. -0413!!:!11. ltlnstaboutl.landlulthanabout '
'3:1; and at least about 3:1 but less than 15:1.. Again
7f~th.l- ratios allaw sase Of nanipulation by the surgeon.
) o . The diascctor bladn (66) has two other physical.
' paran¢t.rs which va, h.licvo to be important to the

cttnctivc op-ration of tha support base (50) - 1n providinq

an interlamellar channnl 1n th. corneal stroma. Upon
" rotation.of. the dissector barrel (64), the dissector

blado (cs) nust move in a path which is substantially
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SVplener . That is to sey the path of the. dissector blade
7. (66) as it moves in the corneel intreetromel lamellar
'space deeorihed ahove, must not vary either up or down
- during the dissector barrel (64) rotation. The distance

“a“ shown in Figure 7 is a constant. The blade can be

. considered to be in a plane which is perpendioulor to the

axis (65) which rorms the center of ring (66).
' similarly, the cone angle 8 (67) is preferahly

112 (tﬁO'). Again, this permits the disseotor blade

(66) to produce a channel which is. perellel to the

flamelle round in the corneal strcma. The ‘cone angle B
may, of course, vary a :ew degrees dependent on such _
'veriables as the ‘geometry ‘of the ICR instelled, the size

of tne eye, and the amount of corroction required.
- Figures 7b and 7¢ show one desired tip :

that a. comparatively blunt but rounded devzoe will

. provide an intrastromel channel fairly precisely in a _
“constant depth within the . lamella._ Sharper blades have a.
_tendency to cut through the lamella and produoe a 1ess '
'_desirehle intrastromal channel. ' : '

- rigure Y shows in a. cross-section the step of

Once the steps ot centering and initial

,incision are conplete, the corneal centering and fixationi |
_@guide (62) -and knife (68) ‘are removed and the step shown _
) in Figure 9 is carried out. ' '

In rigure 9, again the support haoe (50) is in

'uplaoe on the front of the eye -(56) secured by the vacuum-
.in circunoornoel vacuum ring (52). The dissector barrel .

" This Sheet Has Been R ﬂ
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'creating the incision in the front of the eye using knife
(68). The support base (50) secured by circumcorneal

- vacuum ring (52) is in place as is the corneal centering
‘and. fixation guide (62). The knife (68) has been brought
.doun through the corneal ‘centering and :ixation guide |
_(62) into ‘the epitheliun and the stroma of the eye (56)
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_ "(64) having disseotor blade (66) .on its lower end is
ltxntroduoed into- ‘the znnor ‘bore of the support base (50).
. The.leading edge of the dissector blade is introduced
" into the incision made during the stop shown in Figure 8
'”’:fs.-?and the dissacter barrel is rotatod as shown. The
- - dissector barrel is rotated far. onough to make a rull
ozrcular channel or until the dissector blade: support arm
"(84) roachos ‘the insertion nade 1nto the oyo.- Further -
R rotation would cause. tearing of the eye.. . .
2160 . The dissector blade is then rotated in an -
e ﬂf.oppolito direction 80 to ramove the dissector biade (66)_
'{wfrron the channel it has just,producod. We hava also _
- found it desirable to complete the interlamellar channel
. by using another dissector barrel vhich rotatos in the
15 opposito diroctxon.-- _ : e
- - The ICR may be introduood as dosorihod bolov.
o _ Tho circuncornoal vaeuun ring may be. producod - 3
f'f;n a varioty of dosirod arranqonnnts. For instanco, in
AR _,;Fiquros 10 and 11, a nulti-ehanborod device is shown. In
.. 20 'Figure 10,:a bottom view of the support base (86) is
" found. ' The circumcorneal vacuum ring is made up of three
. distinet chanhors (aa), each of which are oonnoctod to
L the vacuum source line opening (90). This variation is
- desired vhen additional support is needed between the
25 . outer support base wall (52) and the support haoo inner
. bore (94). Bacause the force ‘applied to the eye is
.ﬁproportionol to ‘the area lubjootod to vacuum on the frontf
of the eye, this varittion can be used to additional area
- 'under vacuum to the device without trauma to the eye.. as
30 may be seen in riguro 11, the. varioul intorior walls (96)
- . are of a dittoront hoight allowinq thea to conform to tnof_
-_'.'tront ot the eye. - ° :
o tiguros 12 and 13 show, roopoctivoly. a bottom: B
... . view and a side partial crooo-soctional view of another S
'_'.35_;”var1ation of the support base (98) in which the
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';_Circumcorneai vacuun ring does not completely encircle
" the cornee. This contiguration allows the viewing port
“{as shown in Figurc 3 as (55)) to be quite large and
7 allows the surgeon views of the cornea both from above
"f,esp'ﬂtnrough the inner bore of the dissector barrel or through
”*p:'the side - vzewing port dnring the production of the inner _
'_jstromal ‘channel. Specifically, the open part of the -
" channel meets the eye at surface (100) and the vacuum
. :"';source line opening provides a vacuum source to the
' -:io"* opening which fits against the eye. Support base (102),
. -as is shown in Figures 14 and 15, is a. multi-chamber
"'device analogous to tnat found in Figures 12 and 13. The
device and edded upper chamher (104) allow the vacuum to
.. " 'more easily circumnavigate the cornea. _
15 - Figure 16 shows a side perspective cross-
o f'Section of an insert (101) which is suitable for
_;'-inclusion in the ‘lower end ‘of the support base. This
'ﬁinsert has a support ring (105)  which. may be metal, stiff.
_ o 'plastic or other suitable material._ A ruhber seel {103) .
f.qzo 'iwhich tits against the edge is bonded ‘to the support ring
- '-.(105) The support ring may have holes.(107) inserted__'
therein so to allew vacuum access when the insert is
L .placed 1nto a support such as that shown in Figures
T ."20-23.. _ . : ' :
- o280 Figures 17, 18 and 19 show three varietions of
N " the surfaces which are desirably used as the surfaces
which meet the ‘cornea in the circuncorneel vacuum ring.
:Specitically, Figures 17-19 are partial cross-sections or;
- the vacuum chanhers showing various edges of the
_30. scircumcorneel vacuum Chamber where the edges meet the
L surface of the eye.. Specifically, Figure 17 shows a
 variation in which the &ircumcorneal chamber (104) has an
ieouter eurface (106) which is disposed at an angle J such
' that J which is the angle which a tangent to a patient'
13 ‘cornea would make at that point. Similarly, inner
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cha-be: odge (108) 1- cut at an angle K such that tne
. inner chamber edge (108) would lie substantially flat
'against the patxent's cornea. In Figure 19, the vacuum
o . ,:-chanbor (104) has an: outcr roundod chamber edge (110) and.
'-ff:_q'__an inner chamber edge (108) which ia sinilar in design to
" the variation shown in’ rigure 17. The Figure 18 _
| variatien uses ‘an eutar chamber edge (112) which is o
‘somewhat :narper but is not S0 sharp as to cause
.. 'substantial trauma or cutting of the corneal surface. .
10 . Tha inner chamber edge (114) is of a similar :hap.. R
o The vacuum chamber walls, the circumcorneal
'rings. and the support base may be made of a variety of
-”materxall including various plastics, n.talc. and pliable_
_ 'g-materxals such as natural and synthntic rubbers. -
15 ' The preferred variant of the circumcorneal
o .vacuun ring contains a numbar of ridqos or vanes which _
serve to help provent rotation of the support basa during
. the ophthalnic operation. There are a number of suitable
.- . ways of introducing luch anti-rotating features. For
20 instance, in rigurc 3, short ridges (46) are included
o .. .both in the inner and. outer walls of the circumcorneal
_ vacuum ring (52). The lovar terminus of thess short
_ vanes (46) rest against the cornea and after vacuum is.
-+ . applied to the. vacuum ring (52), the cornea is drawn up .
1 zs'f'into the space surrounding the vanes (46) and the vanes
- . prevent the lupport base from rotating.- rigur.s 20-23
 show other versions of vanes suitable for preventing
'rotation of the support base (50). Figura 20 shows a
- bottom view of support base (50) in wvhich eleven vanes
* 30 (116) are interposed within the circumcorneal vacuum ring
|  '.(52).' Al is shown in partial ezos--section of the
R r-ndition shown in Figure 20, the vanes hava several
e identifying t-aturcs. ‘The surface (118) must noct the
. _  surface of the cornea after the suction is appli.d to the
'-3”:35,-_:1n9. Therq_are pathways variously_through the op.ning_
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(120) and the stuh wall (122) wnich allow ‘the vacuum to
be . distributed from the vacuun line opening (124) to ‘be

' distributed evenly ahout the full. circumference of the
i'circumcorneal vacuum chamber. The pathways for the
-distribution of. the. vacuun around the chamber is not

critical g Hnltiple vacuum' inlets are suitable and other

_i-channel shapes are appropriate.: Figure 22 shows still.
;;_another variation of the. vacuum chamher vane (126) also
r.utilizing a-stub wall (122) to allow vacuum- distribution.
fThe vacuum chamher vane (126) uses an additional slot
'“T'(128) to. distribute the- vacuum. - Once again, however, the
*f;lower surface of ‘the vane meets flush with the eye and-

forms small indentations within the cornea once vacuum 1s f:

" Figure 23 shows a. variation in concept for vane

-shape.. The variation, instead ot providing for flat :

o surface against ‘the cornea. 1nstead is stepped in such a

'way that small points (130) which are cut into the vane

'.-t(izs) engage the cornea ‘when vacuum is applied to the

200
. the. spaces formed between outer wall (132) and the 1owers*

device. Vacuun is distributed through hole (120) and in ..

":J7vane point, the space between the two vane points {130)

-and the .space between the upper vane point (130) and the:

-f_"inner wall (134)-.

& '7:-which an insert (136) containing a number of pins (138)
" may. be’ included ‘asg an integral portion of the support
- 'base . (50).. ?igure 24 shovws . a. bottonm view . of the ring as

Figures 24 and 25 lhow another variation in

it is placed within the bottom portion of the support o

pbase (50).' The insert ring .(136) contains a surface
.2(140) which serves as the inner wall of the circumcorneal
" ‘vacuum chamber (142). “4In this variation of the

':r,invention, pins (138) extend for a short distance throuqh

‘that sloping wall (140) so that ‘as vacuum is introduced
_fainto chamber (142), the pins engage the eye and penetrate
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.ffa lhnrt distance into the cornea._ The ingert ring may
also. includc slots (142) to allow the vacuun to be
distrzhuted geemctrzcally ahout the pins with a bit nore
'regularity. ‘The insert ring (136) may he piaced in a
- chamfer within ths interior surface of suppcrt base (50)
‘as’ is shown in a cross=section in Figure 25. as is shown
_ L in Figure 25, the surtace of the insert ring which meets. '
. f_the anterior cbrnea (140) is, or nay be,_aloped Ln the
. ,:same faghion as is the antaerior wall (108) found in
10 - Figures 17 and. 18 Ihcidcnﬁally; the outer vaéuun ' L
| '.'chanber wall (144) is shoun ‘in cross-section in Figure 25
to have a square shouldet.. it has b‘en ohs.rvnd that
,this contiguration cauacs only minimal trauma whcn uscd
. fin this invnntiv. device with an appropriatc amount of
15  wvacuum.” The trauna is seen to be even less than that
. observed with vacuum chanber outer walls (106) such as is
| _'.shown in rigure 17. L : :
R These conhinations ot vacuum chanhers, vanes
) 5,_and ridges within the vacuum chamber, insert rings with .
‘20 .. and without pins, all serve to prevent the rotation of )
. the device during the ophthalmic operation for which this
_-device is intended. turthorno:e. the use of  the insert
'jfring helps to prevent twisting of the corneal surface
. during 1nscrtion or the dissector bladc. a8 explained
28 balcw.-f

Coam

S [ Pigu:cs 26-29 shaw thc procoss to: using the -
. __" colb1nat1on device. '
- 30 A . Figure 26 ‘shows a. conhinntion ot support hase -
o -'(so) and corneal contorinq and t:l.xat:lcn guide (62) placed
" _on the front of a _patient’s eye (146). The nuzg.on

| cent.rs the dovico on the eye. using reticle (82).

_this point, vacuum has not been appllod to the:
$ 35” -circuncorn.a1 vacuuﬁ ring (52). Hovevar, as soon as the
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,3; dov1co is considercd to be- ccntered, vacuun 19 appl;ed as

_’is shown in. Figure 27 tnrougn vacuum source ‘1iné (58)

. The amount of vacuum applied is known.. The ‘corneal
_,centering and fixatzon guide (62) is then removed from -
" support base (50). It may - be obaerved that within
”“circumcorneal vacuum rzng (82) is a slxght bulgxng ot the

"' eye.' This bulginq of tha eya contacts the vanes thhzn

; the vacuum chamber, such vanes are discussed w1th .

" relation to Figures 3, 4, 20, 21, 22 and 23, and’ the

e
15

' insert ring shown in Figures 24 and 25.  This contact .
 awith the van-s holps prevent rotation or other novemant -
of ‘the ‘support base {50). Once the snpport base is
Gfirnly aftixed to the ayse, ‘the lance (68) is brought _
. through the window in the support base to produce a snall_

'1ncxsion (148) in the cornea. - The incision cxtends
.:nrough epxthcliun and. Bownan's nanhrane and ig

;approxxnatcly 1-2 mm lonq and about 0.2 mm decp. The
 incision is on a radius of the cornea. A small spatula
" wnich fits into incision (148) may be ucad to make an

initial scparacion in the inner lamellar layers at tnc

- ‘bottem of incision (148) within the stroma. This

3;."taasxng' of the lamella will facilitate the insertion of

'.'f_:the dissector blade (66). It should be noted at'tnis

.30

'ﬂ-poxnt that thc -large viewing port (54) pronotes ease of

:vicving for the surgcon onto the cornea particularly when

__'usod in conjunction vith the large ID bore of the support”
-”ha-. (50) . :

rinally, disscctor barrel (64) 1- introduccd

_into the support base (50).' ‘The dissector bladc (66) is

xntroducud into the cornea through incicion (148) and
turned until dissector blade support arm (84) nears the -

ineision (148). When the support arm reaches thc

'-j,inciaion, thc rotation of dissector ba::ol (64) and."

- as

"attached digsector blade (66), it is reversed and the
" dissector bladc is'bacxgd out of the inner subsurface
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lamellar tunnel it has fornéd.'frhe"v;cﬁun“is then eased
_and'sﬁpport-hase (50) is removed from the'eye;.'Ondé'the--'
inventive device is removed from the eye, the ICR (150)
- may be introduced into the intrastromal channel just
75f'.produced deSLrably with a coatxng of hyaluronic acid or
- . . other suitable material as a lubricant. The ends of ICR
(150) may ‘be joined using techniques dxscussed in the
“n_patents discussed above..
A ' This invention has been descr;bed and _
10 . exempl;fied in some detail. Those hav1nq ordinary skill-
. in tnis art. would recognxze variations and equivalents
' which would be. well within the scope of ‘the invention
"_dzsclosed here but perhaps outSLde the scope of the
. appended claims. It is applicants' zntention that these'
rls"uequivalent variations be 1ncluded within the scope or
' .this invention. ) ' o '

20
es

30 -

T
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1. A dissector ‘blade assembly suitable for o

| torning a generally circuncorn.al interlanellar channel :
;.in an -aye conprising.- ' ' :

'a blade ‘having a cross-sectxon, which blade is

7 in the torn of a major. arc havan a dzan.tor in a plane
"about an. axis perpendzcnlar to tnat plane, havxng a
T ;,;dzssect;nq end and. a blade support end, and
' ﬂ;i;id”_ o
' end in which the blade support is at an angle of up to

" a blade support attached to the blade support

-;':about 800 to thc planc o! thc blade.-V '

| _?rorning a g.norally eireuncornoal int.rlannllar channel
:.?in an eye. comprising‘

z. ' The hlado assenbly ot clain 1l additionally

-conprising a generally cylindrical dissector barrel
f-having an axis substantially coincidont ‘to the blade
" axis, said barrel connected to the blade support and
’*having an inside dianntar and an ontside diamcter.

VR A disscctor blad- asscnhly suitabl. for

a blade having a cross-soction, uhich blade is |

|   fin the form of a major arc in a plane about an axis

_.po:pondiculnr to: thut plan., naving a dillecting ond and B
fi;a lupPﬂtt onda | ' '

a blade support attached at one end to the

; - blad. -npport end of the bladc and at the oth.: end to a

30

' diooocto: barrel having an axin -nhltantinlly coincident :r."
to the ‘blade axis, and. :

a g.n.rally cylindrical dicl.ctor barz.l having'

coa hlado cupport cnd,.a viewing end, an inside. dianctor,

an outside diameter,’ and an axi- subctantially coincident

"ﬁ.to the blada axi-."

35
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4. The hlade assembly of claxm 3 in- whlch tne l

: hlade support is at an. angle of up: to about 80° to the
- plane of the blade. -

'-ls; The blade assembly of claxms 1 and 4 in

'lwhlcn tne blade support is at .an angle botwoen 10° and

'6 The blade assenbly of clain 5 in wh;ch the

“blade support is at an angle or abOut 340 (+ '5).

'7._7 The. blade assenhly of claims 1 and 5 in

:'.urwhzch the ‘blade cross-section is rectangular or is

".hexagonal and havzng two opposing sxdes of the. hlade
whlch are. longer than the four remalnxng sides.

8. " The blade assembly or claim 7 1n uhich the[_

-:crOSs-sectxon is posit;oned such that it forms a cone.
L Ql..angle of 112° (4 3oo) . s
20 : o

”'.élf” The blade assembly of olaims 2 and 3 in

'u_unicn the d;ameter of the arc of the blade is 1ess than

"'f_-tne 1nslde dlameter of the dzssector harrel._

- -{'substantially all of the blade may be seen in the v1ew1nq_"

o £1o;- The . blade assemhly of. claim 8 in which

o end of the dissector harrel._

3 o

11. The blade assemhly ot claims 2 and 3 in

_which the ratio of the: ‘length of ‘the dissector barrel

along its axis to tne diameter of the ar¢ of the blade is

~ between about 0.25:1 ana 15: S

12. The blade assenbly of clain 11 in wnich

_ the ratio is between 0.4: 1 ana 1 1.

('l‘rlU) 4. 11' 96 20 26/ST 20 OE/NO 3760435610 P 34
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R .:-:13;. The blade asscnbly of claxm 11 in hhich.:
":nq-ratio'is-at_least about 1:1 and less than about 3:1.

L 14. thg—bihdc_atsenbly of claim 11 in which o
" 5 . the ratio 1siat_least;ahoutbszl bﬁt:les; than about 15:1..

e 15, ‘The blade assembly ot clains 1 and 3 in
“which the blade dissecting end is blunt. S :

-'L,'io;'jV,:_ "' -'1s;. The hlade assenbly of clains 1 ‘and 3 in -
- which the blade dissecting end is rounded. o

o :,17. A corncal vacuun contcring guide and
. "disn-ctor assembly - canprising a support base having a
18 'proxinal end; a distal end; a central section having.a
. wall with a gcnerally cylindrical ‘bore with a central
axis whicn c.ntral ‘section nxtnnds h‘twccn ‘the proxznal
"and dxstal ends of the support has., the cylindrical bore
. naving-a length and a diameter and where the ratio of the
20 length to the diameter is bstween about 0.25:1 and 1S:1,
- .and an annulax vacuun chamber . Jocated at the proximal end -
_ and adaptcd to create an annula: vacuun space when placed--
',:against the aya. S

28 - i . The a-uenbly of claim- 17 in which the
'annular vacuun chamber has an inner wall and an ocuter
'wall and at loalt ono t the inner and. outcr walls have
_ int.gral ridgcs or vanes wvhich are adapt.d to extnnd down
. te and contact th. eys during use. -
30 S -
' 19. The assenbly of claia 18 in whieh the
vacuun chanbnr contains xnt-gral ridq.c..

o -20. Th. aascnhly of clain 18 in which thn
- 35 -vacuun chanb.r contains radial vanes.
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. “ -2i;  The assenoly of clazm 17.1n.uh1ch the
'urntio is between 0.4:1 and 1: 1._ -

S '22._ The aasenbly of claim 17 in which the
'”5 :.51';rot1o is at 1east REES and less than ahout 3 1.

s _ 23.- The assembly of claim 17 in which the
: gratio isat 1east 3 1 hut 1ess than ahout 15 1.-;

'Vj_flp”u E o 24. The assembly of claim 17 in: which the

o fvaouum chamher contains an insert -detachably mounted to f
"the prox;mal ena of the support base which Lnsert )

_=contains short pins mounted to. engage the .cornea dur;ng

- use._" ' T : '

©as L S -
S ' 25. The assembly of claim 17 additionally N

.'~conprzsxng a corneal centering and flxation guide hav;ng'i
" ‘an outer dianeter which slxdably fits withln the

T _jcylxndrioal bore of the support and a ret;cle coincxdent
'-'2Q',7w1th the central axis of ‘the support bage. '.;

. - 26. The assembly of olazm 17 addxtlonally o
“comprising a knire adapted to plaeo a snall Lnozsxon in -

B _tthe eye. -
13 o : '

: . 27. The assombly of claim 25 additionally
Joonp:iszng a viewing port through the central section
1wa11. N '

Co3e 28. The assembly of claim 17 additionally
:_“vconprising the dissector blade assenbly of claim 7.
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