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ABSTRACT

Hidrogel keratophaliia is an experimental form of refraclivecomeal surgery.
In this preliminary study. signicant myopic and hyperopic corrections were
obtained in a non-human primate model. This technique is technically much
simpler than previous forms of lamellar refractive surgery in which comeal
lathing is required. In addition. a limitless supply of plastic lens material
obviates the need for corneal donor tissue and quality controlled production of
plastic lens material is possible in contrast to the production lathed corneal
tissue. The surgical correction of almost any form of relractivc error is feasible
with this technique.
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INTRODUCTION

For several decades researchers and clinicians have experimented with a host
of surgical techniques to permanently change the refractive power of the eye.

Most surgeons have attempted to modify the anterior corneal curvature. The
pioneering work of Jose Barraquer' forms the basis forall current approaches to
lamellar refractive surgery. The approach of Barraquer. however. has had
several drawbacks. The procedures he developed were technically complex; the
visual recovery period was prolonged; the accuracy ofcorrection is in the hand
of many surgeons less than desirable; and donor tissue is required form some of
these procedures.

In an attempt to overcome these problems. Werb|in*,5 developed a procedures
called epikeratophakia. This modication of Barraquer‘s classical approach
simplified the surgical technique. but still presented problems in the area of
predictability of the optical correction. visual recovery. and the need for donor
tissue. More recently research interest had been directed towards the use of
higher water content hydrogels ‘,'°. The stability and biologicalcompatibility of
these materials used in refractive surgery has been demostrated by several
investigators"."- In this paper work will be presented which demonstrates the
feasibility of both myopic and hyperopic corrections utilizing high water content
hydrogels. Several types of materials and desings have been used and
complications resultant from poor lens design will be demostrated. This work
does not analyre the critical area of predictability. lt does. however. present
preliminary data which will form the basis for further large scale experiments to
study this critical problem.

MATERIAL AND METHODS

Surgery was performed on Macacus fasicularis and rhesus females (4.5-6.0 kg)
under general anesthesia. Either freehand or microkeratome corneal sections
were performed. The previously described modied Barraquer microkeratome
enabled a precise anterior keratectomy". Hydrogel implants were placed at 50%
corneal depth and the wound closed with a single continuous l0-0 nylon suture
which was removed after one to two weeks. A temporary tarsorrhaphy protected
the cornea for one week postoperatively. One-half cc of gentamicin sulfate (80
mg / ml) and one-half cc of methyl prednisolone acetate suspension (80 mg/ ml)
were injected beneath the conjunctiva. In general. no other postoperative
medications were given.
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Hyd rogel lenses‘ from several manufacturers were used in this study. All wereol 70% or greater water content. These lenses measured 4.0 mm to 5.5 mm indiameter. A “thin” peripheral edge nish was requested from the manufacturer.however. this edge design varied tremendously depending on source. Extreme
care was necessary in handling the lens material to prevent tearing or notching ofthe soft hydrogel.

The Haag-Streit 900 slit lamp was used for examination and pachometry
measurements. The A0 CLC ophthalmometer was used for keratometry with a+l.75 diopter lens to “extend” the scale of measurement. A Nikon FG camera
‘with Haag-Streit adapter (Technical Enterprises. Gainesville. Horida) and a
Zeiss photo slit lamp were used for photographic documentation.

RESULTS

Stable hyperopic corrections were obtained in eleven non~human primates.
ranging between 4.7 diopters and l4.0 diopters (Table I). Fluctuations in corneal
curvature noted for each animal on sequential observations are due primarily to
variability in repeated instrument readings which are greater in the primate eye

TA BI.I:' I

IIYPEIIOPIC LENS CORRECTIONS
Animal Lens The poslopentlvely
No. Illerlal Proof I Mo 1 Mo 6 Mo IO-IJ Mo A

707 on \y~MnMin¢u 517° 63.] $9.9 6l.0 $91 ¢ !.l
694 OD Wiscnnsin $6.0 $17 $10 6l.l " ‘ $1
70| OD Wcomin $5.2 ND 70! 66.6 6l.J ‘ U.l
bill OD Pr.-rmalens 51.0 64 I 61 S 61..\ 6l.7 * 9.7
707 OI) Sauon 5.1.6 $8.7 6.1 I 56.9 5|.) 0 4.7
697 OS Wcnnsin ill 7l.B 70] 71 6 6|] “.0
41$ os Sluon 41.0 50.4 $0.5 we as - no.0
J5] 0|) Wisconsin 57.2 62.9 615 63.0 ND * 5.l
J46 OS Florida“' 58.7 67.! 69.4 69.7 ND ¢ IUD
J48 OS Florida 56.0 64.! 65.3 64.3 ND ¢ I.)
J53 OS Florida 59.0 63 4 60.3 ND ND ¢ 3.!

' Keratonelri: rndnys II duopers" Cornea rmoveml for hbloplholog
can "Wm."
N D-Not kkrlllilld

‘Se-lwaloltielunlsalerarepvsrpr-1-yin _ie
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than seen elinieally.because ofa lack of lixationapability and a smaller critical
optial surface. Nevertheless. no trend is seen during the year‘: observation
period for either progressive increase or decrease in cornal curvature. The
stability of these tenses within the strorna is demonstrated in (Table 2). The
anterior and posterior corneal lainellae remained of constant thickness during
the observation period. Again. uctuations in monthly measurements were due
to varubility in reading with optical pachometry and do not indicate ii treridto
either progressive thinning or thickening of the anterior lamellae. posterior
lamellae. or lens itself.

TA ll. L‘ .’
IIVPIZIIOPIC LENS STAIILITYAil HI

No. OP I lb Z Mn 6 Mo IO-IS Mn

101 ()1) so 0.1)‘,/0.38"/0l5"' 0.2)/0.4!/0.l0 0.21/0.10/0.1: 0.21/0.41/0.09moi; nu 0.26/0.30/0.l) 0.2:/0.24/0.22 0.2:/0.10/o.i1 »

10lOD ND 0.21!/0.I1l/026 o.iii/on/o.zi 0.20/0.20/0.2: on/0.21/0.22
woo so oz:/024/one 024/0.24/o.is 0.24/0.22/o.is 0.26/0.26/0.lS
7(iD0l) NI) or//024/on 0.26/0.10/0.0! 0.10/0.lti/0.07 0.30/0.l6/0.l2
mos so 0.25/0.29/0.l7 0.32/0.32/0.|6 o.ai/0.20/o.i4 0.24/o.1i/o.|2
mos so 0.!)/0.2_0/0.l5 0.30/0.20/0.lll 0.27/0.2l/0.l7 0.30/0.lll/0.I2
moo so Olo/0.42/0.l7 om/0.10/0.20 0.2|/0.4!/0.09 ND
mos J9 0.27/0|6/0.ll 0.24/o.i4/o.iz 0.21/0.21/0.01 ND
mos so 0,21,/o.u/on 0.22/o.i2/on 0.22/0.20/0/I6 ND
mos .19 om/o.io/0.22 0.2:/o.oa/0.25 no no

' lhieaness in mm of anterior cornial lamalhe OV(I|y\Il' imphnt" Thiclnesa in mm of allophsta: imphnt"' lhiclness in mm of postenor corneal hmallae beneath implant
> Cornea recovered for histopathologp
Nl)~\ot determined

Many of the lens materials used were unique in design. However, two series of
lens were from a single manufacture (Table 3). The “Wisconsin” lenses were
quite thick centrally (Table 2). The “Florida” lenses were. in general. more
uniform and were thin centrally (Table 2) with very thin edges. Because of the
variability in lens design and bemuse the curvature of the anterior and posterior
lens surface was not veried preoperatively it isdifcult to critically evaluate the
relationship between lens power and change in corneal curvature (Table 3).
However. with two exceptions (707 and 353) in general. there was a reasonable
relationship between predicted lens power and observed changes in anterior
corneal curvature.
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TA BLE 3
IIYPJOPIC LES

AHNIL Plui¢§lNn.' WNII. liiil”
597 05 + l9.2 ~ 14.0 Iseonsin
70! OD ~ no.9 ~ lJ.3 Wisconsin
10‘! OD + |6.5 ~ s.| Wisconsin
J53 OD » 1.9 » 5.8 Wisconsin
694 OD + 4.7 v 5.4 Wbconsin
346 OS ~ |7.s ~ ||.o Florida
353 OS ~ |o.o ~ 5.1 Florih
34a OS ~ 1.15 » 8.3 Horida

' Antenor lens cunatur: phn po-tenor lets eunatun ll-I diupaen" Proprietary

Only two myopic lenses were asailable for implantation (Table 4). Both
significantly attened the anterior cortical cunature of the primate eye. The
position of lh€>C lenses in the comml stroma was constant (Table 4) and the
corneas looked remarkably clear throughout the obsenation period. The lenses
were so thin centrally that no aocuate pachometry measurement of central lens
thickness could be made.

TA ILE 4
MVOPK" LENS (‘OIIIITIONS

latAil“. ihl PROP IMO IMO IMO 5

337 OS Honda 6l.0‘ S! 4 $1 I " I 9
J47 OS Honda $8.2 54.8 $4 I 55.0 .\ 2

an-I Pnop Illa lib Illa
J37 os 0.45 022' 0.2.5 on 0 25 "
J47 os 0.4: on 0.24 on on ND

' liquns
"Unilwlnopthdog
~ Titia|ndanenorcwtnIlh—knnn
.» I'l':llaalptitIcav-lh—&|a-
ND-Nd §I'$I
There was little change in cortical astignatistn as a result ol the surgical

procedure (Tabb 5). The lruelhnd comaldisaection resuhed tna larger incruse
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in astigmatism (L3 diopters) than the mierokeratome cuts (0.7 diopters);
however. the number of animals is too small to draw any specic conclusion.
One lens (353-OD) with poor edge design was complicated by progressive
thinning and eventual extrusion of the implant. Large amounts of astigmatism
were noted in this eye and the data were not included in this comparison. Two
animals (425 and 70l) had an irregular corneal surface secondary to scarring. lt
appeared that this was caused by a raction to the suture material or lens
material arly in the observation period. Because of dilliculities in judging
astigmatism in these two animals. these data were also excluded.

I‘.-1 BL). 5

ASTIGMATISM AITIZI INTIASTIOMAI. IMPLANT
UIIIIIHAND IllS§ll("I’ION-llVPl'llOPl(‘ LENS

Aahalts. Put» A P0009 A

707 OI) $0.7 I 5!. I" L6 59.0 tt 60.8 l.ll
MM OI) \ $4.8 l.0 $9.5 tt 61.0 3.5
70l OI) 55.6 \ $.\.9 l.7 69.7 tt 67.0‘ 1.7‘
hlll OI) SI.’ a 50.6 0.9 601) a 61.5 1.5
70! OI) 52.7 rt 52.2 0.5 57.0 It $9.5 2.5

/\\ |-9 (4) Av 1.3 (4)

M|(‘IOK§IIAToME SECHON-HYPEROPIC LENS

' Anl-al No. he Q A Poe of A

091 us 54.0 1 $5.1 0.4 01.0 X 10.0 2.2
425 us no .\ no 0.0- 00.0 X 500- 3.0-
.\5.\ on s1.n 1 50.5 |..t-- 01.0 1 511.3" 9.5“
.140 us $9.0 t SILJ 0.1 01.0 I 12.0 4.2
.140 os 50.5 t 55.5 |.o 0.1.0 t 05.5 2.5
.151 us 00.0 \ 51.2 2.x 02.0 1 05.1 3,3

_ 59.0 X 50.3 0.1'

MICIIOKIIRATOMI-I SECTION-MYOPIC LENS
Anlmal No. Pee qt A Pm 0’ A

.111 05 00.0 1 02.0 2.0 52.0 X s|.s |.3

.141 00 51.0 t 50.1 0.9 55.0 X 55.0 0.0 .

AV |..t (0;

' Scar on corntal surface" Lens extruded over I0 months
+ Second surgical procedure performed to exchange lenv
H Keratometry readin§ in diopters
Av-Average .

ll-Number of observations
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One of the major difculties in evaluating the predictability of hydrogel
keratophakia has been the lack of consistency in design of supplied lens
materials. ldeally, the peripheral lens design should allow fora very smooth. thin
edge as shown in gure l. However. as can be seen in gure 2.whena very bulky
lens with thick edges was implanted. progressive extruction of the lens material
was noted, a process which in this instance took ten months. Clinically. the
corneal stroma over the lower edge of the lens demonstrated progressive
thinning. ln time, an epithelial defect appeared. and eventual total dissolution
occurred in that area. At no time was the eye inammed during these events.
Another complication is demonstrated in gure J. lnadvenantly. at the time

of surgery, a lint-like foreign body was inserted with the hydrogel lens and
caused a considerable amount of local stromal reaction. This area of corneal
infiltrate eventually progressed to ulceration ofthe anterior comeal cap ( Figure
3). Interestingly, again. no conjunctival or limbal reaction was seen at anytime
during this process. which look approximately ve months. After removal oflhe
lens. the cornea healed without difficulty. A small irregular central scar resulted.

FIGURE IA
mg“ illumination 0/Itydrogel impkm1'1mnv P°"'°P"'""_¢'!'- "Iwrl II fl"

with no slgntjirmt reaction to the Inn maternal.
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FIGURE 28
Slit beam examinnlion demomlm/ing exlrrmely bulky lrm with sharp lhirk aha.

,,. ?~§

FIGURE ZC
Ten momhs pouopemlivrly. Th: Imwr eat: of lhr Inn eroded though lb anterior

mnnnlcq. No nadionisazmlboul llisarnofnmion.
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lllzlnrgrl lI!|/Yllll |!| I,/in ¢- IV! u m,n~him1ur1/lrmiale AU/"I'll ‘Yule Ihe Ihreail-like particle
u/ ilrhrn ax the lH\\|'! ['11/Pllldll lmnlrr ( H!1\Hl|'VLll"ll' rrai nun Ill Ihv area uflhisfurrign
haul: 1'l.IH\r‘i/r‘\z'!1IlMll!|r'1!|I\l\ 1:! Ill|' U!I!t'V|||! (U,"l'Ill rap.

FIGURE 3B
Area of disxolulian of the anterior corneal rap. overlying the implant decribed above.
There was no peripheral vascular reaction to this process of progressive ulceration.
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DISCUSSION

I-lydrogel kertophakia is a new form ofsurgery which may resolve many ofthe
difficulties inherent in earlier attempts at refractive surgery. Certainly. from the
technical point ofview it is farsimplerthan all ofthe procedures involving lathed
corneal tissue. Obviously. the supply of materials would be not problem with
alloplastic lenses. The ability to control the accuracy of the lens design supplied
by manufacturers, is again far greater in the mse of synthetic lens materials. lt is
clear from the data presented in this paper that both hyperopic and myopic
corrections are feasible utilizing this surgical procedure. The consistency of the
experimental results were. however, hampered by the fact that several different
materials supplied by different manufacturers were utilized. lt is obvious that the
quality control of these particular lens materials was inadequate. As
manufacturers become more accustomed to producing lenses for refractive
surgery, this problem should be overcome.

The question of optical predictability. however. may be somewhat more
complex with hydrogel implants than with other materials. Hydrogels are very
exible and conform to a corneal surface quite readily. Thus. the shape of the
lens may be partially dependent on the shape ofthe corneal bed and not totallya
function of the lens design. Also. the shape of the hydrogel lens is partially
dependent on the local hydrostatic environment; the higher the watercontent of
the lens. the more the intrastromal hydrostatic pressure will inuence the lens
configuration". Thus. it is possible that there will never be a direct relationship
between In vltro hydrogel lens design and in vivo lens conguration. However. it
is probable that. given a high degree ofaccuracy of lens production. an empirical
relationship between lens design and corneal conguration will he established.

The surgical technique of hydrogl lteratophakia does not introduce a large

amount of astigmatism. This has also been observed with previous forms of
lamellar refractive surgery. The variability within the lteratometry measurement
as well as the difficulty in nding the small affected corneal of the non-human
primate eye surface. contribute to the fluctuations seen in successive
keratometric readings. However. given tlrse difficulties. it is reassuring to nd
that significant iatrogenic astigmatic errors are avoided. Only larger studies will
verify this clinical impression.

Synthetic materials used in hydrogel lteratophaltia can he produced with
greater reliability than lathed corneal lenses used in other forms of refractive
corneal surgery. Hydrogel lenses can be manufactured to precise tolerances and
their power and optical qualities verified objetively prior to clinical use. This is in
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marked contrast to lathed corneal lenses whose conguration is totally
dependent upon an h vlvo hating processes which occur weeks to months
postoperatively. Thus. at the time ofsurgery therean be no objective evaluation
of the power or conguration of tltse 'biolog'tal"

lt appears critical that lens design and quality control of lens production be
carefully monitored. In this limited study. the desired lens conguration was
characterized extremely thin. smooth edges. The progresive extrusion of the
poorly designed. thick lens described above. demostmesthat thiseonguration
is undesirable. Lenses made of the identiml material but with better lens design
characteristics did not undergo this process of extrusion (Table I-707 OD. 694
OD. 70l OD. 697 OD. 35] OD). In general. it would appcarthat a lens thin both
centrally and peripherally is the preferable conguration.

Foreign material introduced at the time of surgery can muse numerous
refractile bodies at the lens-stromal interface. The optical consequences of this
are open to conjecture. However. these materials can also be reactive and this
reaction within the cornea can cause destruction of the corneal lamellae as
demonstrated above. At the time of surgery. it can be difficult to identify all of
these foreign materials. 'l'hus. care must be exercised during this procedure to
avoid this potentially serious complication. Considerations of laminar ow
and/or careful aspiration/suctioning procedures with filtered irrigating
solutions may be necessary.

'l'his preliminary study demonstrates that myopic and hyperopic corrections
are feasible with hydropl corneal implants. The eld ofrefractivc surgery would
be revolutioni/ed by a technically simple form of surgery whose refractive
outcome can be accurately predicted. To date. no surgical technique approaches
this goal. For hydrogel keratophaltia. only extensive preclinical testing in a
controlled. experimental environment can generate the necessary data to answer
this critical issue.

REFERENCE
I. BARRAQUER. J. |.: It'eraIumiI¢u.ri: and keralophakia. Corneoplastic Surgery. Proceedings
of the Second International Comeoplastic Conference, Ed. PV Rycroft, 409-443. Pergamon
Press, New York. I969.

2. WERBLIN. T. P.. KLYCE S.: Epikeralophakia. The surgcalcorrection ofaphakia. l. lathingof corneal tissue. Current Eye Res. l: I23-129. l98l.

3. WERBl.ll_*l. T. P.. KADFMAN. H. E.: Epikeralophakia. The surgical correction ofaphakia.ll. Preliminary results ll'l a non~human primate model. Current eye res. l: I31-l37. I98].

I42



MYOPIC AND IIYPEROPIC I-IYDROGEL KERATOPI-IAKIA

WERBLIN. T. P.. KAUFMAN. H.E., FRIEDLANDER. M. H.. SEHON. K. L.,
M?D0NA|-D. M. B.. GRANET. N. S.: A pruxperlive .rIud_r of Ihe uxr ufhj-peropir
eplkeralophakia gmsfar rhe correction ufaphakia. Ophlhalmol. l98|'; I I: I957-I960.

WERBLIN. T. P.. KAUFMAN. H. E.. FRIEDLANDER. M. H.. McDONALD. M. B..
SEHON, K. L.: Epikemluphakia: The surgical correction of aphakia. Update l98l.
Ophlhalmol 89: 9l6-920.

WERBLIN. T. P.. BLAYDES_ J. E.. FRYCZKOWSKI. A. W.. PEIFFER. R. L.: Alluplaslic
implants in nun-human primaln I. Surgical lethniquc. Cornea (In Press].

WERBLIN. T. P.. BLAYDES. J. E.. FRVCZKOWSKI. A. W.. PEIFFER. R. l..: Refrarlinr
corneal .vurgervr.' The use nf implantable allophslic kns material. Auslrll J. Ophllulmol (In
Press).

WERBL|N.T. P.. BLAYDESJ. E._ FRYCZKOWSKI. A. \V._ PEl|‘FER_ R I ..Sla!1|lll|nI
hiulmgcl inlmrurnvnl implant! in nun-human puma/n Iht (‘LAO J. 9' l57~lbl_ I981.

WERBLIN. T. P.. BLAYDES. J. E.. HlY(‘LK()WSKl_ A W , P|'lH-FR. R l. .4II:|]>ld.\Iu
implanu in nun-human /mmnln II. Modncalmm ul Barraqun mucrukrrnlumc Suhmullcd lo
Cornea.

WERBLIN. T. P.. Bl.AVl)I-IS. J. E.. HIVCZKOWSKI, A W .PHPPFR. ll I .. .4/In/rlaam
in!/rlanlx in nun-human pnmaln III. Myopnc cnrrrcnon. prr.-lunmlry n.-par! Sulmnlled In

Cornea.

MCCARY. B. E.. ANDREWS. I). M 1 Rrlnnuvr lrraluplaun unh uurnlmmalhnrlmgrl
lrmirulnl im/Ilanlr. lnvul. Ophlhllmol Vn Sc: 2| I07-H5. Will

Ml:CARY. B. E.. ANDREWS. l)M.. HAICHHI. I) I _ Pl*l)|-'RS()N H Ilnlrugn
imp/IIIII fur rr/mrliw lrmruplaun Cnmnl mor|1lmIn;)- (‘urrcnl eyq rn 2; 29-.\l
I981/NIH.

BINDER, P. S.. DEG. J. K. ZAVAI K. F V Ilulmgrl krrdluphglu HI mm-human
primaln. Currtnl eye res. I. 51$. WM

KLYCE. S. D. DOHLMAN. F H . IOIPIY. I) W In rnw drrrrmmnrmvl nl uvnwa
nrrlling /rrruurr. Exp. Eyt Res II 120-229. I97!

I43


