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Experimental epikeratophakia using tissue lathed at

room temperature
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sumMARY This report presents for the first time the results of carrying out epikeratophakia with
tissue lathed at room temperature. Using an experimental model of epikeratophakia in the rabbit,
we evaluated tissue handling techniques for the preparation of donor lenticules. Details of the
technique are described and the in-vivo and histopathological findings reported.

Epikeratophakia is a keratorefractive procedure
developed by Kaufman and McDonald.' The opera-
tion uses lathed donor corneal tissue which is sutured
on to the de-epithelialised surface of a recipient eye
to change the anterior corneal curvature. The host
epithelium grows back over the top of the donor
tissue, so that it becomes permanently incorporated
as a ‘living contact lens’. The shape of the grafted
tissue can be modified to correct virtually any degree
of hypermetropia or myopia (Fig. 1).

To produce the lenticule for epikeratophakia
donor corneal tissue is frozen on to a cryolathe and
cut into shape while in the frozen state. The lenticule
is then thawed and removed from the cryolathe, and
may subsequently be lyophilised (freeze dried),
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Fig.1 Epikeratophakia. (a) Lathed donor tissue and
recipient cornea with groove cut to receive the edge of the
graft. (b) Hypermetropic epikeratophakia graft. (c) Myopic
epikeratophakia graft.

which renders it stable at room temperature:
Lyophilisation allows corneal tissue to be lathed to an
individual patient’s specification at a specialist centre
and subsequently made available to a surgeon at a
separate centre where the refractive surgery is to be
performed.

In 1982 Maguen and Nesburn® reported a new
technique of lathing corneal tissue at room tempera-
ture without a cryolathe. For this technique corneas
are lyophilised with a sucrose solution which makes
them adherent to a special plastic base. The dried
cornea can then be lathed at room temperature on an
ordinary contact lens manufacturing lathe. Maguen
and colleagues reported the results of performing the
refractive procedure of keratophakia in cats, using
tissue processed in this way.> However, there have
been no reported results of epikeratophakia surgery
on corneas lathed at room temperature. Com-
mercially prepared tissue for epikeratophakia is now
generally lyophilised after cryolathing to stabilise it
for transport. If the tissue is to be lyophilised anyway,
it could equally be lyophilised before lathing and then
lathed at room temperature. Lathing in this way has
the advantage of avoiding the thermally induced
dimensional changes encountered on the cryolathe,
as well as giving clear visibility of the tissue at all
stages without the obscuration caused by the build up
of ice deposits.

This study set out to simplify Maguen and
colleagues’ method of lathing at room temperature,’
and to evaluate techniques for producing lathed
tissue for epikeratophakia. A rabbit model was
chosen because of the ease of handling this experi-
mental animal.
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Experimental epikeratophakia using tissue lathed at room temperature

Material and methods

DONOR EYES

Donor rabbit eyes were enucleated at the time of
death and stored for up to 24 hours at 4°C. This initial
storage induces some degree of epithelial cell swell-
ing but allows the epithelium to be removed with less
trauma. Corneal buttons were prepared by stripping
the epithelium with a blunt scalpel and excising the
whole cornea. Descemet’s membrane and the endo-
thelium were also completely stripped with fine
forceps. We found this helped avoid distortion of the
tissue during drying. An 8 mm button was punched
from the stroma on a block. The button was placed in
freeze drying solution for 30 minutes and either
preserved in liquid nitrogen for an intermediate
period or used straight away for further processing.

FREEZE DRYING SOLUTION

This sucrose-containing solution makes the corneal
buttons adherent to the polymethylmethacrylate
(PMMA) bases when they are dried. The solution
was prepared by dissolving sucrose, 216 g/l, and
dimethylsulphoxide (DMSO), 81 ml/litre, in dextran
70in 0-9% normal saline.

PMMA BASES

A single PMMA base was used for both the lyophili-
sation and lathing processes. The base was made
from a cylindrical block of PMMA 13 mm in diameter
and 1-2 mm high, with a recess cut in the top of the
cylinder of 8 mm chord width and an 8 mm radius cut
into which the donor button was placed. The base
and button were then placed in a desiccation jar at
4°C for 14 hours for preliminary desiccation prior to
lyophilisation.

LYOPHILISATION

Rapid freezing of the button on the base was
achieved by plunging it into liquid nitrogen before it
was placed on to the precooled platform of the
lyophiliser (Edwards-Pearse Tissue Dryer Model
EPD3). Lyophilisation was carried out with a plat-
form temperature of —30°C, and at 10 mTorr
pressure for 24 hours. The lyophilised tissue was then
ready for lathing.

LATHING

Prior to lathing, the corneal thickness was deter-
mined with a contact lens measuring gauge. To
mount the PMMA base on the lathe, dental wax with
amelting point of 65°C was applied to the surface of a
heated brass mounting chuck. The PMMA base was
then applied and centred on the revolving chuck as
the wax hardened. The brass chuck was mounted in
the collet of a standard Nissel contact lens manu-
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facturing lathe. Lathing was performed at 5000 rpm
with a standard diamond cutting tool of 0-3 mm
diameter. Optic zone cuts of various radii were made
while maintaining a constant optic zone size and wing
width.

SURGICAL SERIES

Adult female New Zealand White rabbits were kept
at 21°C and given food (diet FD1 SDS, Witham
Essex) and water ad libitum. The animals underwent
epikeratophakia surgery to one eye only, the other
eye serving as a control. Surgical procedures were
carried out under general anaesthesia, and full
postoperative care was given, including analgesia as
required. Each animal underwent a preliminary
operation of excision of the nictitating membrane in
the eye to be grafted. Epikeratophakia surgery was
carried out one to four weeks later. Sutures were
removed at 10 days after grafting.

ANAESTHESIA

For excision of nictitating membrane, and removal
of sutures, the rabbits were given midazolam
(Hypnovel) 1 ml intravenously followed by titrated
fentanyl 0-2 mg/ml with fluanisone 10 mg/ml
(Hypnorm) about 0-3 ml per kg, with topical cocaine,
and oxygen by mask. Recovery was aided by
naloxone (Narcan) 0-5 ml intramuscularly.

For the epikeratophakia surgery anaesthesia was
maintained with oxygen 1 litre/min, nitrous oxide
2 litres/min, and 2%-4% halothane by mask, with
monitoring of respiration, electrocardiogram
(ECG), and core temperature. Postoperatively
supplementary buprenorphine (Temgesic) 0-05
mg/kg subcutaneously was given if necessary, though
the majority of animals made a rapid recovery and
did not require further analgesia.

NICTITATING MEMBRANE

Following epikeratophakia surgery, continuous wear
of a bandage soft contact lens ensured rapid re-
epithelialisation of the graft. Initially it was found
that the rabbit’s nictitating membrane would
repeatedly dislodge a contact lens, with resultant
complications. However, surgical removal of the
nictitating membrane virtually eliminated the prob-
lem of contact lens loss, as well as greatly facilitating
ocular examination and the insertion or removal of
the bandage contact lens. Removal of the nictitating
membrane did not appear to have any effect on the
eye, and there were no complications from this
procedure.

EPIKERATOPHAKIA SURGERY
This was carried out in a manner similar to that
advocated by McDonald and Kaufman for human






