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Introduction

Pseudophakic bullous keratopathy and Fuch’s endothelial dystrophy are among the leading
indications of penetrating keratoplasty (PK). Both diseases share in common an altered
endothelial function with progressive failure which ultimately leads to severe and painful
keratopathy and blindness. And for many decades, full thickness PK was the only available
treatment to restore sight in these eyes (42.4% of all grafts in the US and Canada)!'!. Recently,
Melles et al.’) have designed a new surgical technique for posterior lamellar keratoplasty
(PLK) that allows replacement of the endothelial layer through a limbal incision along a deep
lamellar plane; it consists of manually dissecting the recipient and donor corneas at 80% to
90% stromal depth. Their technique obviates the need for surface corneal incisions or sutures
and thus has the potential of virtually eliminating the cardinal problems associated with wound
healing. Later, Terry and Ousley", performed deep lamellar endothelial keratoplasty (DLEK),
using a modified instrumentation and reported outcomes similar to PLK. Subsequently, Melles
reported a technique for stripping Descemet’s membrane from the recipient cornea to remove
the diseased or dysfunctional endothelial layer, thus eliminating the need to perform the
intracorneal lamellar dissection and recipient button excision* called Descemet’s stripping
with endothelial keratoplasty (DSEK) for manual stripping and automated stripping (DSAEK)
in-case of using a mechanical micro-keratome.

In parallel to the progress made in manual/mechanical microsurgery techniques, the advent of
ultra short pulsed lasers, such as the femtosecond laser increases our expectations with regards
to the precision and least complications in the field of partial thickness keratoplasty. The
femtosecond laser allows non thermal laser- tissue interaction; thus cuts can be made with
very little thermal and mechanical damage leading to minimal collateral damage!®. The high
precision of the femtosecond laser effects is certainly related to the fact that the energy
threshold for femtosecond optical breakdown is very low!®.

Although the femtosecond laser is already used for flap creation in lasik surgery and in other
fields of ophthalmic surgery as intra-corneal segments implantation!’”), experimental studies in
corneal™ and glaucoma surgeries’”, it is still considered in a process of continuous
development. More work is needed to optimize the laser settings in order to provide even
smoother interface surfaces® , to minimize the collateral effects resulting from non-linear
absorption, and to improve its focusing and performance in case of diminished corneal

transparency[lo].

Justification

Corneal transparency relies heavily on the arrangement of collagen fibers which are the main
structural component of corneal stroma. It is well known that there is a local ordering of the
fibrils and that distribution of the fibrils is adequately uniform to account for the transparency
of the cornea. To maintain this transparencys, it is required that the distance between the
collagen fibrils are less than one half the wavelength of visible light. In normal corneas,
collagen fibres are responsible for a slight light scattering causing the light transmittance
through the cornea to decrease slightly as the wavelength decreases from 700 to 400 nm!'".
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This dependence of the corneal transparency on the distribution and size of collagen fibrils is
supported by observations of the swollen corneas and by the structure of the opaque sclera.
When the epithelial barrier or endothelial barrier of the cornea is damaged, the stroma imbibes
water and swells, leading to a loss of corneal transparency. This uptake of water causes
corneal stromal hydration causes the formation of “lakes” devoid of collagen fibres within the
stroma. This leads to an increase in the distance between collagen fibrils and increased corneal
thickness, leading to a wavelength- dependent loss of light transmittance that increases with
the amount of corneal swelling!' .

It was also proved that corneal hydration levels affect the efficiency of laser ablation in
LASIK procedures. With less hydrated corneal surfaces, ablation effects were greater than for
corneas not blotted during the procedure but these patients appear to undergo greater myopic
regression"),

Consequently as deep corneal stromal dissection in a pathologically hydrated cornea is an
important step of endothelial transplantation surgery (DLEK, DSEK and DSAEK); the
behaviour of the femtosecond laser in hydrated corneas needs to be investigated prior to any
possible use in these types of deep lamellar corneal surgeries.

Aim of the work:

The main objective of our research work was to optimize the femtosecond laser parameters
in order to achieve deep lamellar ablation required for posterior lamellar disk preparation
which, in turn, is needed for posterior lamellar corneal surgeries.

As a second objective we investigated the effect of corneal stromal hydration on the
femtosecond laser cut qualities, namely: depth precision, flap separability and flap surface
smoothness.

Clinical impact:

The clinical use of femtosecond laser in refractive surgery has shown considerable superiority
over the mechanical microkeratome not only in the better quality and precision of the cut'® but
only in the final visiual outcome in the form of better uncorrected visual acuity and less optical
aberrations ', consequently we expect that success in developing the optimum parameters for
the femtosecond laser in clear and oedematous corneas will be a revolutionary step improving
the outcome of lamellar corneal surgeries by making it faster, easier, more accurate and
predictable and hence, better clinical results.

Our protocol aims at three main objectives:

1. Reaching the optimal laser parameters for deep stromal ablation 320 um of the total central
corneal thickness in clear corneas.

2. Developing a reproducible and controlled model for stromal hydration.

3. Using the previously obtained laser parameters (i.e. in step 1) to reach an ablation depth of
320 pm of the total central corneal thickness, we will study the effect of corneal hydration
on the quality of the FSL ablation (depth precision, cut precision, collateral damage,
ablation profile).
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Materials and Methods:

Exclusion / inclusion criteria:

A total number of 80 post mortem adult pig eyes will be used in this study due to anatomical
similarities with the human corneas and 42 postmortem human globes unsuitable for
transplantation.

On the day of the experiment, eyes are collected from adult pigs (to obtain eyes nearly of the
same size) at the nearest possible slaughterhouse. They are excised together with the lids and
extra-ocular muscles in order not to cause any damage to the epithelium, and then transported
in a plastic bag together with an ice pack inside a plastic container.

All eyes included in this study should have fully transparent corneas (on enucleation) and no
visible corneal pathology as opacity, vascularization, and infiltration (evident by the slit lamp).

Pre-laser study parameters:

A-Slit lamp examination:

Model: Haag Streit international, BQ900, equipped with a digital camera Sony 3ccD
Ex-wave HAD, viewed with a Zeiss visupak program.

Justification: To exclude any corneal abnormality pre-operatively and to detect the
effect of laser post operatively regarding the size of ablation (diffuse illumination
low power), size of the bubbles (diffuse illumination high power) and the depth of
ablation (slit illumination low and high power).

Method:The eye is put on a specific metallic arm handle mounted on the slit lamp
frame . A central photo with diffuse illumination showing the whole cornea is taken
at different degrees of magnification. Slit lamp photos are then with slit illumination
in different parts of the cornea and with different degrees of magnification.

Duration of the exam is 5 minutes.

B-Intra-ocular pressure measurement (I10P):

Model: Tonovet, TVOI, Tiolat Oy, Helsinki, Finland.

Justification: IOP should be kept between 12 and 22 mmHg by injection of BSS into
the vitreous cavity through the optic nerve, as this is the normal range of intra-ocular
pressure.

C-Central corneal pachymetry :

Model: Tomey SP 3000.

Justification: To measure the corneal thickness which is a main study parameter, we
use an ultra-sound pachemeter as it is the conventionally used standard method for
pachymetry.

Method: The pachymetry probe is disinfected with alcohol tampon then dried with a
4X4 inches gauze. The corneal surface is moistened with BSS and the pachymetry
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probe is applied to the geometrical centre of the cornea. Three consecutive
measurements are obtained and the mean is used to put each eye in its correct group.

— Pre- and post-test (laser) measurements

— Duration of the exam: 5 minutes

— Parameters extracted: Corneal thickness measured in microns.
Post-laser study parameters:

A-Slit lamp examination:

To detect the uniformity of ablation.

B-Central corneal pachymetry :

To compare with pre-laser values

C-Optical coherence tomography:

— Model: OCT 111, Carl Zeiss Meditec Inc-Dublin,CA

— Justification: To document the corneal pachymetry, to exclude any major corneal
curvature abnormalities and to characterize the ablation profile postoperatively.

— Method: The eye is put on a specific metallic arm handle mount on the OCT frame.
The cornea is kept moist by BSS drops. The cornea is scanned in the following scans
with the same sequence: central horizontal (CH), central vertical (CV), each scan is 5
mm in length, where one photo is taken for each position.

— Done only Post-Laser
— Duration of the exam: 10 minutes.
— Parameters extracted:
e The depth of ablation at the centre of the image.
e Continuity and thickness of the ablation line.
e The plane of surface ablation regarding its parallelism to the descemet’s
membrane.

Throughout the procedure, the eye is placed in a special holder and corneal surface is
moistened with BSS eye drops unto the entire corneal surface every two minutes to avoid
dryness. Furthermore the eye is transported from one apparatus to the next one in a moist
chamber.

E-Stereomicroscopy:
— Justification:
e Detect the precision of alignment.
e Detect possible collateral damage either direct or indirect secondary to bullae
diffusion.
e Detect the surface smoothness.




