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Introduction

Laser corneal refractive surgery is based on the use of a
Laser (typically an excimer one) to change the corneal curea-
ture o compensate for refractive errors of the eye'. v has
become the most successful technique, mainly due to the
submicron precision and the high repeatabilty of the abla-
tion of the cornea accompanied by minimal side effecrs. One
of the most significant side-effects in myopic LASIK is the
induction of spherical aberration®, which causes halos and
reduced consrast sensiiviry”. To iwn‘l tlw induction of
spherical ab were
developed. Cussomization of the ablation is possible cither
using wavefrone measurements of the whole cye* (obtained,
eg. by Harman-Shack wavefront sensors) or by using
comeal  topography-derived  wavefront  analyses™.
ey Tt e P :

mized!, -.IMPM::G-W preserving, and Q-factor profiles'® have
been proposed as ultimate solutions. Nevertheless, consider-
ations as trearment duration, tissue removal”, and overall
postoperative outcomes make more difficult w establish a
universal optimal profile. We evaluated the Laser Epithelial
Kemomlkum :]’.ASEK) usulu m-u;d-eamklskmsyp

T‘Im study was wnd.uc:edlw evluare sifery, pm!mbuln:y;

cylinder -1.02:0.99 D (range. 0.00 D to -5.00 D} mean
spherical equivalent -3,16:1.46 D (range, -0.75 w0 -7.00 D),

In all eyes, we measured comneal (Keratron scout,
Optikon 2000 5.p.A., Rome, ltaly), ccular wavefront with a
high resolution H Shack sensor (Ocular Wavefy

Analyzer, Schwind eye-tech-solutions, Kleinostheim,
Germany), manifest refraction, and uncorrected and specta-
cle-corrected visual acuity. Measurements were performed

and efficacy of the Al Free es
MAM&Rlsphrfwmmdmculmﬂwmpﬂ innaﬂm
of high order aberrations.

Patients and Methods

A toral of 88 cyes (44 patients) were treated using the

ivel mdumandd:mwndunfwmw
‘All ablations were ised based on Aberrati
Free profiles and calculated using the CAM software. The
CAM software is able 1o imporr, visualise, and analyse diag-
nastic data of the eye (manifest refraction, corneal vavefront,
o ocular wavefront data). The software creaves an aspherical
Mmmpmﬁ:mopﬂmtﬁewmeﬂ!hﬂp& As we used

Aberration-Free ablation profiles impl, d in the
AMARIS laser. Th hs follow up was lein 100%
of these eyes (88), and their ive dara were as follows:

miean sphere -2.65:1.44 D (range, 0.00 D 10 -5.75 D); mean

Free profiles in our study, abla-
tions were optimized to induce no change in Wavefront aber-
ration (within Optical Zone, OZ) other than Sphere and
Cylinder components, leaving all existing high order
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aberrations (HOA) unchanged because the best corrected
visual acuity, in this paticnr, has been unaffected by che pre-
existing aberrations”, Thus to compensate for the aberra-
tions induction observed with other types of profile defini-
tions", some of those sources of aberrations are those ones
related o the boss of efficiency of the laser ablation for non-
normal incidence™*", Based on the existing corneal shape
and the keratometric values of the cornea, the ideal ablation
profile is then caleulated compensating. among, others, for
the cosine effect. A 6.5 mm central fully corrected ablation
zone was used in all eyes,

The surgical vechnique for LASEK was performed as
follows:

The lateral eye and the ding areas of the
cye under reatment were covered with a sterile drape
(Kimberly Clark) and dressed with a frame 10em x 12 cm of
Tegaderm (3m, USA). An eye speculum AE 1042 was used
to hold the lids opened (Asico). A dilution of alcohel ar
17 % was applied for 30 seconds, and the excess was wiped
out with a Merocel sponge (Oasis, USA). A wephine of
cither 8.0 mm or 9.0 mm diameter was epithelially used
(Beuder, Germany). Cold balanced salr solution was applied
(Alcon, USA). A spatula AE-2832 (Asico, USA) was used to
separate and lift the LASEE flap.

“The ablation was performed using the AMARIS excimer
laser (SCHWIND  eye-tech-solurions,  Kleinostheim,
Germany) which is a Aying-spot laser wing randomized spot
distriburion to minimize thermal effects”. The AMARIS laser
system works at a repetition. rave of 500 Hz and produces a

spat size of 0.54 mm (FWHM) with a Supergaussian ablative
spot profile™*. High speed eye-tracking ar 1050 Hz is accom-
plished with 3 microseconds larency dme™.

After the ablation procedure, a dilurion of Mitomycin C
at 0,02% was applied for 30 seconds, followed by balanced
sale solution cold wiped out with a sponge of merocel.
Finally, the eye was protected with a Biomedics 55, UV 100
contact lens (Vision Humble, UK) and antibiotics.

Optical errors centred on the line-of-sight, representing
the Wavefront Aberration, are described by Zernike polyno-
mials” and cocfficients in OSA standard®, and analyzed for a
standardized diameter of 6.00 mm.

Results

We have included 88 treasments for this study, all of them
without adverse events. Ax three months, mean sphere was
-0.12£0.31 D (range, -0.75 D o +1.00 D), mean cylinder
-0.4120.36 D (range, 0.00 D to -1.75 D), and mean spherical




cquivalent -0.33:0H D (mnge, -112 D w0 +0.62 D)
(Graph 1). Seventy-five percent cyes (58) were within

+0,50 D of (Graph 2). U d

Sphere (D)

Cylinder (D) 1024099 | 0412036
Spherical Equivalent (D) -3.16+1.46 -033:0.34
Predictabilty —_ 75%
+0.500(%)

Predictability - 96%
+1.000(%)

Spherical Aberration at 042 045
6,00 mm (jum)

Coma Aberration at 6.00 027 on
mm (jam)

High Order Aberration at 0.59 059
6.00mm (um RMS)

was -0.06 pm, whereas induced higher-order aberrations,
defined as the difference in square postaperati
Iy minus its preoperative value, was 0.01 pm, both for a
G-mm pupil. Sec Table 1 for further demils.

Discussion

Higher-order aberrations. In our study, we found on
average and induction higher-order aberrations from
0.59 pm in rodt-mean-square preoperarively o 0.59 pm

visual scuity was 20/15 or better in 40% of the treatments
(29 eyes), 20/20 or bewrer in 74% (54 eyes), and 20/30 or
beteer in 92% (Graph 3). Results were smable berween one
and three months (Graph 4). Regarding safery, 29% of eyes
grined one line (22 eyes), and 5% gained two or more lines
of spectacle-corrected visual acuity (4 cyes) (Graph 5).

Preoperatively, corncal spherical aberration  was
0.42 pm. Postoperatively, the value was 0,45 pm for corneal
spherical aberration, increasing on average by 0,03 pm for a
6-mim pupil

Preoperatively, corneal coma aberration was, in average,
027 pm and high-order aberration was 0,59 pm in roor-
mean-square.  Postoperatively, the values were 0.21 pm for
coma aberration, and 0.59 pm for high-order aberration
root-mean-square. On average, induced coma, defined as
the diffe in coma ab i itudy i
Iy mines s i

| s
s Judi i

Spherical aberration changed. in average, from 0.42 pm
preoperatively (corneal) to 0.45 pm for ocular spherical aber-
ration,  Induced ocular spherical aberration increased on
average by 0,03 pm for 2 6-mm pupil. That compares to
0,09 pm per dioptre reported by others for ocular spherical
aberrations™™ and w 0.17 pm per dioptre reported for
corneal spherical aberrations. In rerms of aberrations, the
induced amount of spherical aberration has been decreased
by a factor of six when compared to literature reported val-
ues, of to previous experiences using non-optimized profiles
and another laser. Nevertheless, spherical aberration was sl
induced even with the attempted Aberration-Free ablation
profiles, which was expecred as myopic corrections, especial-
Iy higher ones, always induce some spherical aberration,

Regarding coma, the induced amount of coma ar
F-months follow-up was small (0.06 microns for 6.0 mm
pupil) and can be explained by small decentrations of the
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ablarion*(a decentration of 120 microns will already induce
0,008 microns per dioprre for 6.0 mm pupil™).
Topographic systems meassire the comneal surface and
analyze it chrough corneal ray tracing to obrain the corneal
wavefront error, Topographic systems use as corneal model a
“free-of-aberration” corneal surface (Q-value of about -0.56).
Nevertheless, staristical analysis over human comeas popula-
tion has shown as averaged best fitsing aspherical surface with
a Q-value around -0.257%, This means that, in general, the
healthy human corneas show a “positive spherical aberra-
tion", which is balanced by the “negative spherical aberra-
vion” of the human lens, resulting in a low ocular spherical
aberration”.  As average, one can say thar narurally, the

ing of the terms prolate and oblase is unclear used. The con-
fusion comes from the false idenrification berween curvarure
and refracrive ¢ As the average human cornea is pro-
lae™ % () -0.25), the central pare of the comnea has a
stronger curvature than the periphery. However, refractive
power is given by the Snell's Law.  As the corresponding
Cartesian oval” is the free-of-aberrations surface (i.e. the only
truly monofocal surface), and it can be described by an
aspherical surface with Q-factor -1/n" (approx. -0.53 for
human cornea), then the average human cornes (Q -0.25) is
less prolate (50 more oblate) than the corresponding
Cartesian oval, thus the refractive power of the outer comeal
surface increases ﬁum central towards ptﬂplu:l‘d

I .y

In this

human comeas manifest a corneal spherical ak
around 0.23 pm’ (OSA scandard™). As individuals are aging,
the asphericity of the crystlline lens changes, reducing the
mmlnfiphhcdab:vwmdmunkhdlmdmm
shawing a certain amount of positive spherical ab

way, the ipheral just answers the
question if the corneal spherical aberrasion i is positive (refrac-
tive pawer increases towards peripheral) or negative (refrac-
tive power decreases towards peripheral) but not the question
about the ical concept of prolate versus oblate.

whereas the corneal asphericity thus, comeal spherical aber-
ration, is relatively stable over the rime, disrupting the equi-
librium berween both,

A problem of optimizing the comeal asphericity only, as
proposed in other studies™, is that this does not take inw
consideration the overall sphmul :bcmnnn oflh eve, :hat
is, the ocular spherical abs meal
lbumﬂmwedunwhmwlnhnwc:hmﬂdnrplfﬂ
the preexisting Q-value, the average Q-value, e.g., <0.25, or
the “corneal optimum”, eg. -0.5. It has been known for
many years that corneal refractive treatments induce a change
in comeal asphericity and recently it has been assumed and
argued that corneal refractive treatments preserving the pre-
operative comeal asphericity might be desirable, thus, the
asphericity-based profiles have been developed.  Uniil roday
there is no prove that the asphericity alone plays a major role
in the visual process",

We still do not know whether an asphericity ) -0.25 is
Imm than € +0.50, we only know thar the asphericity of the

" human comea is about 0,.28%, There are persons
m:h Q -0.25 and poor vision, and others with Q +0.25 and
supervision, There is no prove that the more negative the
Q-faceor is, the better the visual quality, As well, no absalute
optimum has been found, despite of some remarkable theo-
retical works™ ™. When a patient is selected for non cus-
tomized aspherical treatment, the global aim of the surgeon
should be ro leave all existing high order abetrations (HOA)
unchanged because rbnbmmmamdma]mny. in this
patient, has been unaffected by the pr

The first that we should darify is that even the amount
of corneal spherical aberration and the asphericity are intrin-
sically relsced: the goal is shways described in terms of change
in spherical aberrarion®, because this is the factor related o
the quality and sharpness of the retinal image.

Furthermare, the main high order aberration effects
post-op (coma and spherical aberration) are coming from
decentration and edge-cffects, the strong local curvature
change from Optical Zone to Transition Zone and from
Transition Zone to non-treated cornea. Then it is necessary
o emphasize the use of huge Optical Zones, covering the
scatapic pupil size plus some tolerance for possible decentra-
tions, and huge and smooth Transition Zones.

Limitations

Limizations of our study include the shore follow-up and
the lack of a control group. Despite these limiations, we
were able to demonstrate that Aberration-Free ablation pro-
files, as delivered by the AMARIS laser system, are supetior
to standard ablation profiles.

In this study d i that Ab
Free profile definitions, which are not standard in refractive
surgery, yickded very good visual, upn:al. and refractive
results for corrections of myopia and myopic astigmarism in
LASEK. Aberration-Free ablation profiles as demonstrated
here, have, therefore, Iin:pm:nn:l 1o replace currently usd
sundard algorith of

Hence, all factors thar may lna{ucz clnngu in HOA'" s"-"’"
such as biomechanics, need ro be taken into account prior to
the treatment to ensure that the preoperative HOA's are
unchanged after treatment.

However, in recent times there is a clear rendency of tar-
geting a prolate postoperative anterior comeal surface as
global aptimum in refractive surgery. Sometimes the mean-

myopic
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