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RESUME

But: Evaluation des résultats a moyen terme (1-3
ans), obtenus apres un seul traitement au laser Ex-
cimer a faisceau large et répartition Gaussienne de
I'énergie pour le traitement de la myopie. Etude com-
parative au microscope électronique a balayage apres
ablation par un systéeme “flying spot” (Bausch &
Lomb) et un systéme Gaussien (InPro).

Méthode: Les 1035 yeux consécutifs étudiés ont été
répartis en 4 groupes suivant la myopie, en équiva-
lent sphérique: myopie faible jusqu’a-3.00 D (183
yeux), myopie modérée de -3.25 D a-6.00 D (540
yeux), myopie forte de -6.25 D a -10.00 D (210
yeux) et myopie tres forte de -10.25 D a -20.00 D
(102 yeux).

Quatre paires d'yeux de banque de cornée ont été
traitées avec “flying spot” a un ceil et systeme Gaus-
sien a l'autre.

Résultats: Un équivalent sphérique a =1 D de I'em-
métropie a été obtenu dans respectivement 99.1%,
98.9%, 83% et 21% des groupes 1, 2, 3 et 4.
L'acuité visuelle sans correction obtenue est de 10/
10 ou plus dans 65%, 51% et 19% des groupes 1,
2 et 3. L'acuité visuelle sans correction était de
5/10 ou plus dans 86% et 75 % dans les groupes 3
et 4.

L’équivalent sphérique défocalisé était de 1.0 ou
moins dans 98%, 93%, 62% et 7% des groupes res-
pectifs.
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Le microscope électronique a balayage montrait une
surface d’ablation lisse et homogéne pour le laser
profil Gaussien.

Conclusion: Le systéme de délivrance Gaussien a
faisceau large donne des résultats comparables aux
résultats obtenus par laser “flying spot” pour les
myopies jusqu’a -10 D. Les avantages du systéeme
Gaussien sont: surface d'ablation homogene, temps
de traitement court, faible taux de haze, fiabilité et
facilité d’entretien de I'appareil propre au systeme
de délivrance optique. Il s'agit d'une alternative in-
téressante par rapport aux systemes de délivrance
mécaniques plus complexes.

SAMENVATTING

Doel: Bepalen van de resultaten op middellange ter-
mijn (1-3 jaren) na eenmalige behandeling voor myo-
pie met een Gaussiaans excimer laser systeem met
brede straal. Studie van het cornea oppervliak met
behulp van scanning electronenmicroscopie na la-
serbehandeling met een flying spot laser systeem
(Bausch & Lomb) en een Gaussiaans laser systeem
(InPro).

Methoden: De 1035 opeenvolgend bestudeerde ogen
werden ingedeeld in vier groepen in functie van de
behandelde myopie, uitgedrukt in sferische equiva-
lenten: zwakke myopie tot -3.00 D (183 ogen), ma-
tige myopie van -3.25 D tot -6.00 D (540 ogen),
hoge myopie van -6.25 D tot -10.00 D (210 ogen)
en heel hoge myopie van -10.25 D tot -20.00 D
(102 ogen).

Vier post-mortem ogen van twee donoren werden be-
handeld met het flying spot laser systeem aan één
oog en het Gaussiaans laser systeem aan het ande-
re 0og.

Resultaten: Wij bekwamen een postoperatief sferi-
sche equivalent van =1 D emmetropie in respec-
tievelijk 99.1 %, 98.9 %, 83%, 21 % van de ogen
van groepen één, twee, drie en vier.
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De niet-gecorrigeerde visus was 10/10 of beter in
65%, 51% en 19% van respectievelijk groepen 1,
2 en 3. De niet-gecorrigeerde visus was 5/10 of be-
terin 86% en 75% van respectievelijk groepen 3 en
4.

De defocus equivalent refraction was 1.0 of min-
der in 98%, 93%, 62% en 7% in de respectieve-
lijke groepen.

Het scanning elektronenmicroscopisch onderzoek
toonde een zacht en homogeen ablatie-opperviak
voor de Gaussiaanse laser.

Besluit: Het Gaussiaans laser systeem met brede
straal geeft even goede resultaten voor myopieén tot
-10 D in vergelijking met flying spot laser systemen
bij PRK. De voordelen van dit systeem zijn: homo-
geen ablatie-oppervlak, korte behandelingsduur, be-
perkt voorkomen van haze, betrouwbaarheid en een-
voud van het onderhoud van het toestel eigen aan
het optische systeem. Het vormt een interessant al-
ternatief voor de mechanische, gecompliceerde la-
ser systemen.

ABSTRACT

Purpose: To evaluate the mid-term (1-3 years) re-
sults of the Gaussian broad-beam excimer laser De-
livery System (DS) after single treatment for the cor-
rection of myopia. To study the corneal surface with
scanning electron microscopy (SEM) after excimer
laser ablation using a flying spot delivery system
(Bausch & Lomb) and a Gaussian Delivery System
(GDS) (InPro).

Methods: The 1035 consecutive eyes studied were
split in four groups with respect to the treated myo-
pia, expressed in spherical equivalent: low myopia
up to -3.00 D (183 eyes), moderate myopia from
-3.25 D to -6.00 D (540 eyes), high myopia from
-6.25D10-10.00 D (210 eyes) and very high myo-
pia from -10.25 D to -20.00 D (102 eyes).

Four post-mortem eyes of two donors were treated
using the flying spot DS on one eye and the GDS on
the other eye.

Results: Weachieved postoperative spheriqual equi-
valent within =1 D of emmetropia in respectively
99.1%, 98.9%, 83% and 21% of the eyes of group
1, 2, 3 and 4.

UCVA was 10/10 or better in respectively 65%, 51%
and 19% of group 1, 2 and 3. UCVA was 5/10 or
better in respectively 86% and 75% of group 3 and
4.

The defocus equivalent refraction was 1.0 or less
in respectively 98%, 93%, 62%, and 7% of the four
groups.

On SEM, the corneal surface presented a smooth and
polished profile for the GDS.
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Conclusions: The Gaussian Delivery System gives
comparable results to the flying spot laser system
for surface laser ablation in myopic eyes up to -10
D. Advantages of this system are: smooth ablation
surface, short treatment time, low haze rate, high
reliability and easy maintenance of the device due
to the optical DS. It is an interesting alternative for
the more complex mechanical DS.
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INTRODUCTION

Since the pioneering work of Trokel et al. (27)
in 1983 the excimer laser has proven to be a
useful tool to remove tissue from the human
cornea in a controlled and precise way, allow-
ing refractive changes of the cornea. Trokel et
al. (27) also defined the optical wavelength and
energy to achieve this goal. These parameters
have remained unchanged ever since with a
wavelength of 193 nm in all excimer lasers cur-
rently used and laser pulse energy in the range
of 100 to 200 mJ/cm?.

The various excimer lasers available for photo-
refractive keratotomy (PRK) differ essentially
from each other by their delivery system (DS).
These DSs determine to a large extent the mor-
phological characteristics of the treated cor-
nea, as demonstrated with the scanning laser
ophthalmoscope (SLO) (29). They all aim at
achieving a smooth, homogeneous ablation sur-
face with the largest possible optical zone.
Initially, the first excimer lasers had a broad-
beam DS and were used for surface treatment.

The shape of the ablated zone was obtained by
a diaphragm system, which opened progres-
sively, creating a deeper ablation at the centre
than at the periphery of the cornea (18). How-
ever, the excimer laser beam itself is quite in-
homogeneous with ‘hot’ and ‘cold’ spots which,
when added to the stepwise settings of the di-
agram, resulted in a rather irregular corneal sur-
face.

Therefore, several systems trying to homoge-
nize the beam energy on the cornea were sub-
sequently introduced: oscillating slits, rotating
slits, ablatable masks (16), interposition of
prisms (rotating or not) and different lenses on
the laser’s pathway (17).

More recent systems use a small-beam cou-
pled with a galvanometric scanning DS in an
attempt to achieve a homogeneous distribu-
tion of energy on the cornea. They necessitate
a smaller laser cavity, fewer optics, high repe-
tition rates, and overlapping pulses. Howevet,
despite the much smaller ablated surface per
pulse (0.8 to 2.0 mm) and the high repetition
rate, the treatment time takes several minutes,

Fig. 1: Gaussian energy repartition with a peak energy in the centre and a progressively decreasing energy at the peri-

phery.
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making it difficult — if not impossible — for the
patient to maintain a good fixation during the
treatment. To solve this problem, tracking de-
vices were introduced, which again increased
the complexity of the mechanical parts of these
DSs.

Laser in situ keratomileusis (LASIK) is one so-
lution to atone the surface irregularities caused
by the mechanical DSs, by covering them with
a corneal flap. However, this flap technique cre-
ates an additional optic interface and may also
cause significant intraoperative complications
(12), including damage caused by intraocular
pressure rise, partial flaps, buttonholed flaps,
thin or irregular flaps, free flaps, flap folds, epi-
thelial growth of different types and severity in
the interface, infections and the more recently
described ectasia (6). All these complications
may have a negative impact on the quality of
vision. For these reasons, a return to surface
ablation has been observed recently. However,
all currently available delivery systems are not
suitable for surface treatment. Moreover, ‘me-
chanical’ DSs are delicate, expensive, subject
to mechanical failures and they need intensive
maintenance to ensure reliability.

For all these reasons the quest for an ideal DS
continued and in 1996 Semchishen developed
an entirely new concept of DS (24), replacing
the mechanical components by a purely opti-
cal device. This device allows a homogeneous
Gaussian repartition of the laser energy on the
corneal surface, with peak energy in the cen-
tre and a progressively decreasing energy at the
periphery (fig. 1).

The different steps of manufacturing can be
summarized as follows:

The rough surface is manufactured on an UV
quartz plate. At one side of the plate, first a
metallic sublayer is deposited and then a pho-
toresistant layer. By using photolithography
windows are created in the photoresistant lay-
er. These windows are holes of which the dia-
meters vary according to the random law,
around the mean value D,, (diameter aver-
age). In the same way, the distances T, be-
tween the centres of the rings also vary ac-
cording to the random law, around the mean
value T,,.

Although the distribution of the diameters and
the distances is at random, it follows a well-
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defined statistical law (fig. 2), where U, are
the linear diameters of the metallic sublayer
elements after the windows have been creat-
ed (fig. 3 a).

At the second stage, the quartz plate is sub-
Jected to etching through the windows in the
metallic sublayer (fig. 3b). Tosimplify the figu-
re’s construction, it is assumed that the tilt an-
gels o, of all microfaces, caused by etching un-
der the metallic film, are equal to o, = 0 =
45°, Fig. 3 b illustrates the relief profile in the
cross-section. The heights of the profile ridg-
es are:

H; = 1/2 U; [(1/2 U)pin < H; < (1/2 U ayd
and the linear dimensions of the horizontal
parts and the tilted parts’ bases are D; and
1/2 U, respectively.

At the third stage a polishing etchant was used.
The process of surface polishing was accom-
panied with (i) formation of tilted parts of sur-
face with the linear dimensions of the bases ;
= 1/2 (D; + U;), (ii) decrease of heights of
the profile ridges due to smoothening of sharp
peaks, (iii) diminishing the difference between
heights of individual roughnesses due to the
difference in velocities of etching large and
small ridges. Thus, the tilts of roughnesses o;
can be varied by changing the time of polish-
ing, while the linear dimensions of the bases
[; remain practically unchanged (fig. 3 c).
According to the random law, light passing
through such a plate will have a Gaussian an-
gular energy distribution. The energy obtained
in a focal plane of an imaging lens has a Gaus-
sian distribution according to the following for-
mula:

P, 9%(0) 1
Kp.9) = anz 7D & [— 2(n_1)201(P/f)2 :I (pif <0,25)

where p, ¢ are the polar coordinates in the fo-
cal plane and P, is the total power of radia-
tion reaching the rough surface. The multipli-
er ®°(0) takes into account the Fresnel atten-
uation of the transmitted radiation at two
boundaries of the rough plate. The geometry
of arrangement of the optical scheme is rep-
resented on fig. 4.

All beams scattered by the plate in the di-
rection characterized by angles 3 and ¢ con-
verge into point D;, the location which is de-



Fig. 2: Method of fabrication of rough surface with controlled statistic. Quartz plate + metal film + photoresist.

termined by the beam BD passing through the
lens centre B. The radiation intensity in the
focal plane of the lens does not depend on ¢
and is a smooth function of the parameter p
at an arbitrary distribution of intensity over the
cross-section of the incident beam. This means
that the rough plate-lens complex is capable
of transforming any distribution of incident
beam intensity into the homogenized radia-
tion with circular symmetry in the focal plane.

The advantages obtained by this conceptual in-
novation are: a large ablation zone, a smooth
corneal surface, very progressive edges limit-
ing optical aberrations and a short treatment

time preventing fixation loss and corneal dehy-
dration (3).

This Gaussian system has the additional ad-
vantage of being virtually maintenance-free since
no mechanical or moving parts are used.

The purpose of this study is double: to evalu-
ate the refractive results of surface treatments
with the Gaussian broad-beam excimer laser
according to the guidelines of G. Waring (33),
and to examine, by means of SEM, the corneal
surface of post-mortem donor eyes after treat-
ment with a Gaussian broad-beam delivery
system, as compared to a flying spot delivery
system.
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Dy . T, - sampling according to the random low around the mean values
Dy, , Ty from intervals
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1) U= T, - (D + D2y | are distributed
2) §= (D + U2 ¢ according to the Gauss low
3) H=Uy2 J

Fig. 3: Dielectric plate with “rough surface”.
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Fig. 4: Geometry of arrangement of the rough plate (1), the lens (2) and the lens focal plane (3).

MATERIALS AND
METHODS

CLINICAL STUDY

The clinical part of the study is the result of a
collaboration between the Sphere Eye Clinic in
Moscow (Russia) and the University Hospital
of Antwerp (Belgium).

The excimer laser used by both centres for this
study is based on a cavity manufactured by
Lambda-Physik (model 200i) (fig. 5, fig. 6). Its
main characteristics are a wavelength of 193
nm, a pulse frequency of 20 Hz, pulse energy
at the centre of 210 mJ/cm? and pulse dura-
tion of 23 nsec.

The main inclusion criteria were correction for
myopia, calculated in spherical equivalent. The
associated astigmatism was -0.5D =0.9D. A
postoperative follow-up of 1 to 3 years is avail-
able.

The preoperative examination is based on a
standard protocol including: uncorrected (UCVA)
and best spectacle-corrected visual acuity
(BSCVA), optimal refraction, binocular vision,
corneal topography and slit-lamp examination.

SURGICAL PROCEDURE

Two drops of Ketorolac were given before treat-
ment. Topical anaesthesia was achieved with
Oxybuprocain monodosis. During surgery the

eye was kept open by a speculum. The fixation
was achieved by a double mechanism: active
fixation of the patient by looking at a green LED
located in the centre of the microscope, and
control by the surgeon through a coaxial bin-
ocular microscope with a grating system. The
contralateral eye was occluded.

After mechanical removal of the epithelium, la-
ser ablation was performed on a useful optical
zone of 6.5 mm, surrounded by a transition
zone of up to 8 to 9 mm.

The ablation time varied from 3.00 sec (60
pulses) for 1 D correction to 18.25 sec (365
pulses) for 10 D correction.

Postoperatively a therapeutic contact lens was
placed on the cornea for 4 days. Topical treat-
ment was prescribed consisting of Ketorolac
three times a day and Ofloxacin every hour for
the first 48 hours, tapered to five times a day
during the first postoperative week.

Daily postoperative examination was performed
until complete closure of the epithelium, allow-
ing removal of the contact lens. Corticoste-
roids and NSAID administration (2-3 times dai-
ly) were started at week 1 and continued for 3
to 4 months postoperatively. Further examina-
tions were scheduled on a monthly basis until
complete stabilization of the refraction was
achieved and at every six months consecutive-
ly. Patients were instructed to avoid UV expo-
sure during this period.
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Fig. 5: Overview of the Inpro excimer laser with the Gaus-
sian Delivery System.

Patients were invited to have a yearly standard
examination, including UCVA and BSCVA, ob-
jective refraction, corneal topography and slit-
lamp examination. The achieved versus at-
tempted refraction was also taken into conside-
ration. The available data of one to three years
follow-up were considered for this paper.

To rate the haze we used the O to 5 scale of
Braunstein (4): O = no haze; 1 = mild haze,
butnotaffectingvisionnorrefraction; 2 = mode-
rate haze, influencing refraction but not BSC-
VA; 3 = opacity, influencing refraction and BSC-
VA; 4 = difficult anterior chamber examina-
tion; 5 = impossible anterior chamber exami-
nation.

SCANNING ELECTRON MICROSCOPY

The experimental part of this study is the re-
sult of a collaboration between the University
Hospital of Antwerp and the Laboratory of Cell
Biology and Histology of the University of
Antwerp.

Four post-mortem donor eyes obtained from the
cornea bank of the University Hospital of Ant-

86

N - en® @k
Fig. 6: Detail of the Gaussian Delivery System (GDS): a.

dielectric plate; b. lens; c. X-Y motor to move the ablation
zone.

werp (Belgium) were treated using a flying
spot delivery system on one eye and the GDS
on the contralateral eye. Only eyes presenting
healthy corneas but rejected because of sys-
temic disorders, which were incompatible with
the national selection criteria, were used for the
purpose of this study.

Both laser settings were installed to treat the
same amount of myopia on both eyes: -4 D and
-6 D. In order to check the ultrastructural ef-
fects of both lasers on the corneal surface, the
treated corneas were prelevated from the globe,
fixed in 2.5 percent glutaraldehyde and 0.1
percent Na-cocodylate buffer, dehydrated in an
acetone-series, critical point dried, gold sput-
tered and finally examined in a SEM 515 mi-
croscope at 20 kV.
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Fig. 7: The postoperative uncorrected visual acuity (UCVA) was 1.0 or better in 119 eyes (65 %) of the first group, in
275 eyes (51 %) of the second group and in 47 eyes (15 %) of the third group.

RESULTS

CLINICAL STUDY

Patients were classified into four groups ac-
cording to their initial myopia, expressed in
spherical equivalent: low, moderate, high and
very high myopia. The results are summarized
in table 1.

Postoperative UCVA at one to three years post-
operatively was 1.0 or betterin 119 eyes (65%)
of the first group, in 275 eyes (51 %) of the sec-
ond group and in 48 eyes (19%) of the third
group. None of the patients ofthevery high myo-
pia group achieved a UCVA of 1.0. However,
76 eyes (75%) of this fourth group had a post-
operative UCVA of 0.5 or better (fig. 7).

The achieved postoperative spherical equiva-
lent (SE) was within £0.5 D of emmetropia in
95.6% of eyes in the low myopia group, in
85.4% of eyes in the moderate myopia group,
in 54.3% of eyes in the high myopia group and
in 5% of eyes in the very high myopia group
(fig. 8). The postoperative SE was within =1.0 D
of emmetropia in 99.1%, 98.9%, 83% and
21% respectively of the low, moderate, high
and very high myopia group.

When comparing the attempted and achieved
spherical equivalents (fig. 9), undercorrection
was more often present in the third group com-
pared to the first two groups (mean postoper-
ative SE: -0.97 D = 0.94 D). In the fourth group
practically all eyes were undercorrected (mean
postoperative SE: -3.41 D = 2.03 D).

A useful parameter is the defocus equivalent
refraction, introduced by Holladay (12), and
defined as the absolute value of the spherical
refraction added to the absolute value of half
the cylindrical refraction. This parameter gives
a more realistic value of the astigmatic com-
ponent than the spherical equivalent. For ex-
ample, a patient with a spherical refraction of
-1 D and a cylindrical refraction of +2 D has
aspherical equivalent of O, but adefocus equi-
valent of 2.0. In our study the defocus equi-
valent refraction (fig. 10) was 1.0 or less in
98.2%, 92.8 percent, 62% and 7.5% of cas-
es in groups 1, 2, 3 and 4 respectively.
When comparing preoperative best spectacle-
corrected visual acuity (BSCVA) with the post-
operative BSCVA, no loss of two or more Snellen
lines was observed (fig. 11).

No major complications were recorded. A haze
two or three developed in 4.5% of the cases in
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Fig. 8: The achieved postoperative spherical equivalent was within 0.5 D of emmetropia in 95.6% of eyes in the /ow
myopia group, 85.4% in the moderate myopia group, 54.3% in the high myopia group and 5% in the very high myopia
group.
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Fig. 9: The attempted versus the achieved spherical equivalent. Undercorrection was more often present in the third
and fourth group.
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Fig. 10: The defocus equivalent refraction is 1 or less in 98.2%, 92.8%, 62% and 7.5% of cases in group 1, 2, 3 and
4 respectively.

group 2, in 2.4% of the cases in group 3 and  in 12.7% of the cases in group 4 (table 1). No
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Fig. 11: Loss or gain in Snellen lines of best spectacle-corrected visual acuity (BSCVA).
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haze higher than three was observed. A refrac-
tive regression was observed in 0.5 percent of
the cases in the first group, in 14% of the cas-
es in the second group, in 20% of the cases in
the third group and in 36% of the cases in the
fourth group during the course of this study.
Only in the high and very high myopia group
subjective aberration-linked complaints were
reported (7% and 29% respectively).

Table 1 summarizes the different parameters
studied for the four groups of myopia.

SCANNING ELECTRON MICROSCOPY

The corneal surface after PRK for -4 D shows
a beaten bronze aspect (fig. 12 a-b) using the
flying spot DS. The corneal surface after PRK
using the GDS for -4 D, corresponding to 52 um
ablation, shows a progressive transition zone
(fig. 12 c-d). When -6 D, corresponding to
65.4 um ablation, was performed the central
corneal zone remained large, but the transi-
tion zone became slightly more pronounced (fig.
12 e-f).

DISCUSSION

The patients were classified and studied ac-
cording to the guidelines of G. Waring (33), i.e.
classification of myopia into four categories (up
to -3 D, from -3.25 D to -6 D, from -6.25 D to
-10 D and from -10.25 D to -20 D), analysis
of the post-operative UCVA, postoperative re-
fraction, achieved versus attempted spherical
equivalent and postoperative defocus equiva-
lent refraction and loss or gain in BSCVA. These
guidelines should facilitate comparison with
other studies.

Using the ExiMed 200 UV excimer laser, Kim
et al. (14) reported in a three-year follow-up
study =1 D of emmetropia in 60% of the my-
opia cases between -1 D and -6 D. Using the
VisX Excimer laser, Salz et al. (20) reported for
the same myopia group =1 D of emmetropia
in 84%. In a study of Amano and Shimizu (2)
100%, 75% and 52% of the /ow (up to -3 D),
medium (from -3 D to -6 D) and high myopia
group (from -6 D to -14 D) respectively, were
within 1 D of attempted correction after a two-
year follow-up. Tuunanen and Tervo (16), who
used the VisX excimer laser, reported that 87%
in the low, 50% in the medium and 29% in the

high myopia group were within 1 D of intend-
ed refraction.

An important study with 3218 eyes treated
with the Nidek EC-5000 excimer laser (Shah
et al. (25)) reported =1 D of emmetropia in
97.2%, 96.7%, 94.1%, 91.1%, 88.1% and
78.2%0of-1D,-2D,-3D,-4D,-5Dand-6 D
myopia cases respectively, after one year.

Our study showed +1 D of emmetropia in 99%,
98%, 83% and 21% of the low, moderate,
high and very high myopia group, respective-
ly.

Apart from assessing refractive results, it is im-
portant to evaluate the anatomical results af-
ter PRK. ‘Haze’ is a subepithelial opacification
that occurs in the majority of patients after PRK,
mostly without any symptoms. This opacifica-
tion is the clinical expression of the healing pro-
cess of the cornea (21).

Many scales of gradation have been proposed
for haze. We have used the scale proposed by
Braunstein (4), which is one of the most com-
monly used.

Many factors may contribute to the develop-
ment of haze. One important factor is the ini-
tial refractive error, and consequently the abla-
tion depth (5). Patients with myopia up to -6
D may develop grade one or two haze, three to
twelve weeks postoperatively. This type of haze
will vanish in most cases between the twelfth
and eighteenth postoperative month (22).
The frequency of grade two or three haze is rela-
tively low for low and moderate myopia (be-
tween O and 4.9%) (1, 7,9, 13, 15, 19, 23).
In our series we found 0% in the low myopia
group, 4.5% in the moderate myopia group,
2.4% in the high myopia group and 12.7% in
the very high myopia group.

Haze may cause regression resulting in a de-
crease of UCVA. Tengroth et al. (26) reported
important refractive regression in all patients
with grade three or grade four haze.

The laser in situ keratomileusis method (LASIK)
confers some advantages in comparison to PRK,
including less haze, less postoperative pain and
earlier visual recovery. However, creating a flap
may be associated with significant intraopera-
tive complications, such as intraocular pres-
sure rise with optic nerve or retinal damage,
partial flaps, buttonholed flaps, thin or irregu-
lar flaps, and free flaps (12). The most threat-
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12a.: SEM image of the surface of a human cornea after -4 D treatment using a flying spot DS. (arrow = artifact)
12b.: Same eye as a at a higher magnification. (arrow = artifact)

12c.: SEM image of the surface of a human cornea after -4 D treatment using a GDS

12d.: Same eye as c at a higher magnification.

12e.: SEM image of the surface of a human cornea after -6 D treatment using a GDS.

12f.: Same eye as e at a higher magnification.
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ening postoperative complication of LASIK is
keratectasia (6). These complications are a sig-
nificant drawback for the LASIK procedure, af-
fecting the final outcome significantly. Several
studies have reported flap complication rates
of 0.3 to 10%, depending on the microkeratome
used and on the surgeon’s experience (7-8, 10,
30-32).

Laser-assisted subepithelial keratectomy
(LASEK), as developed by Massimo Camellin,
is a technique in which the epithelium flap is
detached after application of an alcohol solu-
tion and repositioned after laser ablation. The
technique appears to constitute a good combi-
nation of PRK and LASIK advantages, allow-
ing a faster visual recovery and less pain and
inflammatory reaction, while avoiding all flap-
related complications (6).

The smoothness of the ablated surface is rec-
ognized as the most important factor in the pre-
vention of haze, regression and contrast sensi-
tivity loss. The size and the profile of the ab-
lated zone (progressive transition from the cen-
tre of the cornea to the edges of the ablation
zone) are the main factors in preventing and de-
creasing the occurrence of halos, glare and op-
tical aberrations. For both aspects the GDS gives
excellent results as studied on SEM.

Each laser presents some limits in modifying
the corneal curvature, partially due to the opti-
cal parameters of the laser and partially due to
the corneal parameters. Based on our refrac-
tive results and because of the considerable
amount of regression observed in the very high
myopia group, we consider the limit for the GDS
at-10 D.

It should be kept in mind that the GDS is based
on physical optical principles and on a broad
beam, allowing short treatment times and re-
quiring no eye tracker. Since no moving mir-
rors, prisms or lenses are used maintenance
costs are low. Low costs and high reliability, as
demonstrated in this study, constitute the main
advantages of the GDS.
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