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Allegretto 200Hz + Moria M2

Safety Distance Visual Acuity
93 Eyes at 3 Month Visit
100% Sphevical Equivalent Refraction
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Change in Snellen-Lines
Demographics
Eyes analysed (n): 93 of 93 Preop. Parameters:
Right: 46 (49.5 %) dUCVA mean/SD: 0.02+-0.08
Left: 47 (50.5 %) dUCVA range: 0.01t0 0.63
Female: 61 (65.6 %) SE mean/SD: -5.09 +-1.75
Iale: 32{34.4%) SE range; -8to-0.75
Age mean/SD: 30.7 +-7.09 Cyl meaniSD: -0.63 +-0.69
Age range: 181048 (1) Cyl range: 275t 0
Different patients: 54
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Allegretto 200Hz MoriaM?2

Uncorrected Distance Visual Acuity Outcome Summary Visit: 3 Months
93 Eyes at 3 Month Visit,

Data Selection: LASIK, first, Laser: Allegretto, SE: -8 to 0.01, Cyl: -3t0 0.01
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Demographics
Eyes analysed (n): 93 of 93 Preop. Parameters:
< IBRA - Ophthalmic Outcome Analysis System A. John Kanellopoulos 2013-05-29
Right: 46 (49.5 %) dUCVYA mean/SD: 0.02+-0.08
Left: 47 (50.5 %) dUCVA range: 0.01t0 0.63
Female: 51 (65.6 %) SE mean/SD: -5.09 +-1.75
Male: 32(344 %) SE range: -8t0-0.75
Age mean/sSD: 307 +7.09 Cyl mean/SD: -0.63 +- 0.69
Age range: 1810 48 (1) Cyl range: -2.751t00
Different patients: 54
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400Hz EyeQ+ Moria M2

Safety Distance Visual Acuity
110 Eyes at 3 Month Visit

100%
Spherical Equivalent Refraction
110 Eyes at 3 Month Visit, +-0.5 D: 98.2 %
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Demographics
Eyes analysed (n): 110 of 110 Preop. Parameters:
Right: 51 (46.4 %) dUCVA mean/SD: 0.04 + 017
Left: 59 (53.6 %) dUCVA range: 0011008
Female: 58 (52.7 %) SE mean/SD: 465+ 17
Male: 52 (47.3 %) SE range: -8to-0.125
Age mean/SD: 32+-838 Cyl mean/SD: 072+ 072
Age range: 1810 59 Cyl range: -3to0
Different patients: 66
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Outcome Summary Visit: 3 Months

Data Selection: LASIK, first, Laser: Eye-Q, SE: -8 to 0.01, Cyl: -3 to 0.01
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400 Hz EyeQ + Intralase FS60

Safety Distance Visual Acuity
381 Eyes at 3 Month Visit

100%
Sphenicd Equivaient Refraction
I§1 Fyes at 3 Month Visit, +-0.5D: S4.2 %
o e J81 Ly at th L,
S0.2%
0% -
0N
0%
7§_ e 58.3% £ an
w v
- jo
& 5% 3
g g
& 40% 37.3%
c g £
% o
o 5%
X% 1%
- e N [am—
10 ot Ot o3 O a0 001n (131 3 10
10% Sghenal Equivalent
3.9%
0.3% 0.3%
0% _ [ L
lost >2 lost 2 lost 1 unchanged gained 1 gained 2 qained >2
Change in Snellen-Lines
Demographics
Eyes analysed (n): 381 of 383 Preop. Parameters:
Right: 187 (49.1 %) dUCYA mean/SD: 0.04+-0.15
Left: 194 (50.9 %) dUCVA range: 0.01tc 0.8
Female: 227 (59.6 %) SE mean/SD: -473+1.81
Male: 153 (40.2 %) SE range: -3 to-0.625
Age mean/SD: 313+ 863 Cyl mean/SD: -0.74+-073
Age range: 171057 (1) Cyl range: -3to 0
Different patients: 221
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400 Hz EyeQ + Intralase FS60

Outcome Summary Visit: 3 Months
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Left: 195 (51 %) dUCVA range: 0.01t0 0.8
Female: 227 (59.4 %) SE mean/SD: 473+ 181
Male: 154 (40.3 %) SE range: -8t0-0.625
Age mean/SD: 31.3+-864 Cyl mean/SD: -0.74+-0.72
Age range: 17to 57 (1) Cylrange: -3tc 0
Different patients: 221
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500Hz EX500 + Wavelight FS200

Safety Distance Visual Acuity
185 Eyes at 3 Month Visit
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Demographics
Eyes analysed (n): 185 of 220 Preop. Parameters:
Right: 94 (50.8 %) dUCVA mean/SD: 0.04 +-0.16
Left: 91 (49.2 %) dUCVA range: 0.001t0 0.8
Female: 86 (46.5 %) SE mean/SD: -459+-186
Male: 99 (53.5 %) SE range: 8to-05
Age mean/SD: 284+-77 Cyl mean/SD: -0.74+-073
Age range: 171052 (1) Cyl range: -3tc 0
Different patients: 106
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500Hz EX500 + Wavelight FS200
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of FS200-created flaps, by comparing planned versus achieved procedures and to evaluate the
incidence and extent (area) of the opaque bubble layer.
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Results: The intended flap diameters were between 8.00 mm and 9.50 mm. The achieved flap
diameters showed extremely high precision, and were on average ~0.16 + 0.04 mm smaller
for a 8.00 mm intended flap diameter, —0.12 + 0.03 mm smaller for a 8.50 mm flap, and up
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bubble layer-to-flap area. cally, 80% of the f ted flaps had an

Zero opaque bubble layer (<2.7% of the flap arca).

c ion: In our clinical experience, flaps created using F$200 and this novel highly objec-
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Introduction

There has been almost a decade of continuous improvement since the introduction

of the near-infrared Nd:glass ultrashort pulse (100 x 105 second) laser, known as

e '1:',1::“1‘;“ e o ib‘;";‘?,":g:":: the femtosecond, as a tool for creating flaps for the laser-assisted stromal in situ ker-

bpuiturs LG atomileusis (LASIK) procedure.’ The laser light, due to its near-infrared wavelength

(1.053 um), has little interaction with the corneal surface (unlike the ultraviolet

wavelength of excimer lasers), and thus can propagate through the corneal tissue.

However, the concentrated energy per pulse when properly focused inside the corneal

Correspondence: A John Kanellopoulos stroma can generate local ablation and a small amount of microplasma, which results

17 A Tsocha Str, Athens 11521, Greece in microscopic cavitation and gas bubbles; proper arrangement in a raster form of a

::lg%zzllg 3‘:; ;77;79 large number of tightly spaced (eg, less than 8 um apart) consecutive bubbles is the
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Three-dimensional LASIK flap thickness variability:
topographic central, paracentral and peripheral
assessment, in flaps created by a mechanical
microkeratome (M2) and two different
femtosecond lasers (FS60 and FS200)

A John Kanellopoulos'?

George Asimellis'

'Laservision.gr Institute, Athens,
Greece; 2NYU Medical School,
New York, USA
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Purpose: To evaluate programmed versus achieved 1 isted in situ k il
(LASIK) flap central thickness and investigate topographic flap thickness variability, as well
as the effect of potential epithelial remodeling interference on flap thickness variability.
Patients and methods: Flap thickness was investigated in 110 eyes that had had bilateral
myopic LASIK several years ago (average 4.5 +2.7 years; range 27 years). Three age-matched
study groups were formed, based on the method of primary flap creation: Group A (flaps made
by the Moria Surgical M2 microkeratome [Antony, France]), Group B (flaps made by the Abbott
Medical Optics IntraLase™ FS60 femtosecond laser [Santa Ana, CA, USA]), and Group C (flaps
made by the Alcon WaveLight™ FS200 femtosecond laser [Fort Worth, TX, USA]). Whole-cornea
topographic maps of flap and epithelial thickness were obtained by scanning high-frequency
ultrasound biomicroscopy. On each eye, topographic flap and epithelial thickness variability
was computed by the standard deviation of thickness corresponding to 21 equally spaced points
over the entire corneal area imaged.

Results: The average central flap thickness for each group was 138.33 + 12.38 jtm (mean # stan-
dard deviation) in Group A, 128.46 + 5.72 ym in Group B, and 122.00 % 5.64 um in Group C.
Topographic flap thickness variability was 9.73 + 4.93 um for Group A, 8.48 + 4.23 pum for
Group B, and 4.84 + 1.88 pum for Group C. The smaller topographic flap thickness variability of
Group C (FS200) was statistically significant compared with that of Group A (M2) (P =0.004),

improved flap thickness —that is, improved precision — over
the entire flap area affected.

Conclusions: The two femtosecond lasers produced a smaller flap thickness and reduced vari-
ability than the mechanical microkeratome. In addition, our study suggests that there may be a
significant difference in topographic flap thickness variability between the results achieved by
the two femtosecond lasers examined.

Keywords: Moria M2, IntraLase FS60, WaveLight” FS200, Allegretto Wave” Eye-Q, 400 Hz

excimer, ul d bi

Corr : A John K
Laservision.gr Institute,

17 Tsocha Street, Athens,
Greece 11521

Tel +30 210 7472777

Fax +30 210 7472789

Email ajk@brilliantvision.com

Introduction

‘We have previously reported, in agreement with many others, on the safety and accu-
racy of flap making with mechanical keratomes for correction of myopia and myopic
astigmatism' as well as hyperopia.”
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Comparison of LASIK flap thickness variability
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Figure 3 Three representative flap thickness maps (8 mm diameter) from flaps
created with the modalities studied in this paper: (A) M2 microkeratome (Moria
Surgical, Antony, France), (B) Intralase™ FS60 femtosecond laser (Abbott Medical
Optics, Santa Ana, CA, USAY), (C) WaveLight®F5200 femtosecond laser (Alcon, Fort
Worth, TX, USA).

Note: The values over the 21 points are those used for the flap thickness mean and
topographic flap thickness variability study.

the epithelium contribute to the flap thickness homogeneity
differences found between the three groups.

Discussion

The importance of flap thickness
Flap parameter accuracy and homogeneity have been studied
and debated at length by refractive surgeons globally over

Table | Flap thickness measurements, range, and topographic
flap thickness variability statistics for the three groups examined

0-6mm 0-3mm 3-6mm  Flap thickness
variability

GroupA M2
Average 138.83 13833 140.58 9.73
Maximum 159.00 159.00 159.00 17.05
Minimum 114.00 115.00 114.00 337
SD 12.38 12.85 12.09 493
Group B FS60
Average 128.46 13031 128.15 848
Maximum 137.00 142.00 136.00 17.16
Minimum 119.00 120.00 119.00 294
sD 572 6.80 549 423
Group C FS200
Average 122.00 122.20 122.53 4.84
Maximum 135.00 137.00 136.00 7.96
Minimum 94.00 90.00 97.00 1.68
SD 5.64 6.11 5.47 1.88

Note: All values are expressed in micrometers (m).
Abbreviation: SD, standard deviation.

the last 10 years. There appear to be variable differences
reported in the basic surgical outcomes when comparing
procedures with flaps created either with a mechanical
microkeratome or a femtosecond laser.'® For example,
a study in hyperopic patients showed significantly better
refractive results with femtosecond laser flaps than with
microkeratome flaps.'” Another study showed that clinically
significant epithelial ingrowth after femtosecond LASIK is
an infrequent complication, the incidence being less than
reported for microkeratome LASIK.'®

Despite the fact that multiple generations of femtosecond
lasers for refractive surgery have been introduced so far,
and while the “perfect LASIK flap” is becoming increas-
ingly tangible, the field continues to welcome research on
the comparative characteristics of the femtosecond laser
versus mechanical microkeratome flap, including that on
morphology, cut accuracy, flap thickness reproducibility,
flap-edge quality, stromal-bed surface roughness, and
histopathology.'**

The femtosecond laser continues to be preferred for flap
creation over the bladed mechanical microkeratome due to
the increased safety, precision, and regularity this modality
offers.0?"

Flap thickness is considered an important indicator of
LASIK safety due to the critical importance of adequate
residual stromal preservation, not only at the center of the
cornea, but also for the overall area of the cornea affected.
To ensure a thicker residual stroma, a thin flap is preferable
in myopic treatments. A further benefit of a thin flap (in

Clinical Ophthalmology 2013:7
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Figure 4 Postoperative topographic flap thickness variability for the three groups
examined.

Notes: “FS60" refers to the Intralase™ FS60 femtosecond laser manufactured by
Abbott Medical Optics, Santa Ana, CA, USA; “FS200” refers to the WaveLight®
FS200 femtosecond laser manufactured by Alcon, Fort Worth, TX, USA; “M2"
refers to the M2 microkeratome manufactured by Moria Surgical, Antony, France.

addition to a smaller diameter) is reduced interference of the
superficial “running” nerves within the corneal stroma, which
can lessen postoperative dry-eye syndrome.?® However, the
risk in opting for a thin flap is that the flap may end up too
thin — that is, a flap < 90 um. Such a flap may be associated
with flap slippage, striae, irregularity, astigmatism, button-
holes, free caps, and corneal haze.

However, thicker flaps (for myopic treatment,
a flap > 140 um is acknowledged as being too thick) may
lead to a dangerously thin residual stroma (after the excimer
ablation), possibly compromising the biomechanical corneal
strength and leading to iatrogenic corneal ectasia.’'

However, the 140 um flap has been considered by our
team optimal for hyperopic ablation and its accompanying
(large-diameter) blend zone, as a means to reduce epithelial
ingrowth.

Thus, to ensure safety of the procedure and enable
borderline decisions to be made — such as in operations
with relatively thin residual stroma — it is of ultimate
importance that both a higher precision (intended vs achieved
thickness) and increased accuracy (improved homogeneity,
or else reduced thickness variability) of the lamellar flap
cut or stromal tissue separation be sought when selecting a
femtosecond laser.

Table 2 Paired sample t-tests (P) between the three pairs of flap-
creation modalities examined

FS200 and FS200 and FS60 and
microkeratome  FS60 microkeratome
Flap thickness ~ 0.004 0.078 0.095
Epithelial 0.020 0.056 0.084

thickness

Table 3 Epithelial thickness measurements and statistics for the
three groups examined

Average overall Topographic epithelial

variability
Group A M2
Average 51.50 4.15
Maximum 57.00 751
Minimum 43.00 1.28
sD 4.19 1.53
Group B FS60
Average 51.54 S
Maximum 58.00 6.92
Minimum 44.00 342
sD 4.16 115
Group C FS200
Average 4953 397
Maximum 56.00 7.56
Minimum 42.00 .10
sD 4.28 1.58

Note: Al values are expressed in micrometers (m).
Abbreviation: SD, standard deviation.

Our results indicate that the postoperative flap thick-
ness, as measured by the HF-UBM method, is larger than
the programmed flap thickness and that there are differ-
ences between the peripheral and the central thickness. In
Group A, overall flap thickness was thicker than planned
by +8.83 um (minimum, 114 um — ie, a —6 um average
difference; maximum, 159 pum — ie, a +39 um difference)
with an average thickness standard deviation of 12.38 pm.
In addition, we observe that this group had the largest
topographic thickness variability (9.73 £ 4.93 pum), which
is an indication of the inhomogeneity of the flap thickness
produced by the microkeratome. We also observe that in this
group, on average, the flaps were thicker in the periphery
(average 140.58 um in the 3-6 mm zone vs an average of
138.33 pm in the central 0-3 mm zone), owing to the so-
called meniscus shape.

In Group B, we also observe that the overall flap
thickness was thicker than planned, by +8.46 um. How-
ever, the range is smaller (minimum, 119 pm, maximum,
137 pm), and so is the standard deviation (6.80 um). The
flap thickness variability is smaller than that of Group
A (8.48 +4.23 um). In Group B, we observe that, on
average, the flaps were thinner in the peripheral zone
(average peripheral thickness, 128.15 pm) compared
with in the central zone (average central thickness,
130.31 pum).

In Group C, we observe that the average postoperative
flap thickness was just 2.00 um thicker than programmed
and that flaps in this group had the smallest topographic
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Comparison of LASIK flap thickness variability

m Epithelial thickness

Epithelial thickness (um)

M2

= Epithelial thickness variability

5154

Epithelial thickness variability (um)

FS60 Fs200

Figure 5 Postoperative epithelial thickness and topographic epithelial thickness variability for the three groups examined.
Notes: “FS60" refers to the Incralase™ FS60 femtosecond laser manufactured by Abbott Medical Optics, Santa Ana, CA, USA; “FS200” refers to the WaveLight® FS200
femtosecond laser manufactured by Alcon, Fort Worth, TX, USA; “M2” refers to the M2 microkeratome manufactured by Moria Surgical, Antony, France.

thickness variability (4.84 pm + 1.88 um). This group also
had nonstatistically different peripheral and central flap thick-
nesses (central flap thickness, 122.20 + 6.11; peripheral flap
thickness, 122.53 £ 6.11 pum).

It is worth comparing our results to a similar recent
study,” in which a handheld AS-OCT unit was used to
measure postoperative flap thickness. In that study, the
standard deviation for paracentral flap thickness and
peripheral flap thickness was reported to be +3.16 um and
+3.26 um, respectively, for the FS200 group and £10.27 pm
and £10.35 um for the Hansatome microkeratome,
respectively.

Differences between the two
femtosecond lasers in terms
of flap thickness variability
An interesting finding of our study is that the measured
topographic flap thickness variability was smaller for the
FS200 group than for the FS60 and M2 microkeratome
groups. The FS200 flaps appeared to be more uniform,
with an average topographic thickness variability of
4.84 + 1.88 um, whereas this was 8.48 £ 4.23 um for the
FS60 group and 9.73 £4.93 um for the M2 microkeratome
group.

In addition, the FS200 flaps were associated with a
statistically significant smaller epithelial average thickness
(49.53 +4.28 pum, range 42-56 um) over the other groups:

the FS60 group had an average epithelial thickness of
51.54 £4.16 um (range 44-58 pum) and the microkeratome
group had an average epithelial thickness of 51.50 £4.19 um
(range 43-57 um). The FS60 and M2 microkeratome were
not statistically different in terms of epithelial thickness
variability.

The difference between the flap thickness variability
of the FS200 and the FS60 may stem from their differ-
ent intraoperative gas-venting techniques and/or their
different — active versus passive — intraoperative suction
methods. Intraoperative gas buildup during creation of the
lamellar part of the flap (opaque bubble layer)* may interfere
with the precision of the femtosecond laser tissue separation.
In contrast, variation in the stabilizing force to the cornea
during this process, through the applanation pressure applied,
may also result in tissue separation bias. The FS60 uses a
passive syringe chamber-induced suction that is achieved
prior to cornea applanation and maintained passively during
the procedure, while the FS200 uses a tubing system that
connects the suction ring to an active vacuum pump within
the unit that monitors and maintains stable suction during
the lamellar cut procedure.

The first step in creating the flap is the creation of an
externalizing channel peripheral to the hinge of the flap,
permitting the generated gas to diffuse outside of the
cornea. The different initial steps in creating femtosecond
laser-assisted flaps are illustrated in Figure 6 — the channel
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Topography-guided hyperopic and hyperopic
astigmatism femtosecond laser-assisted LASIK:
long-term experience with the 400 Hz eye-Q
excimer platform
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Video abstract

Background: The purpose of this study was to evaluate the safety and efficacy of topography-
guided ablation using the WaveLight 400 Hz excimer laser in laser-assisted in situ keratomileusis
(LASIK) for hyperopia and/or hyperopic astigmatism.

Methods: We prospectively evaluated 208 consecutive LASIK cases for hyperopia with or

without using the g -guided platform of the 400 Hz Eye-Q excimer system.
The mean preoperative sphere value was +3.04 + 1.75 (range 0.75-7.25) diopters (D) and the
mean cylinder value was —1.24 £ 1.41 (—4.75-0) D. Flaps were created either with Intralase
FS60 (AMO, Irvine, CA) or FS200 (Alcon, Fort Worth, TX) femtosecond lasers. Parameters
evaluated included age, preoperative and postoperative refractive error, uncorrected distance
visual acuity, corrected distance visual acuity, flap diameter and thickness, topographic changes,
higher order aberration changes, and low contrast sensitivity. These measurements were repeated
postoperatively at regular intervals for at least 24 months.

Results: Two hundred and two eyes were available for follow-up at 24 months. Uncorrected
distance visual acuity improved from 5.5/10 to 9.2/10. At 24 (8-37) months, 75.5% of the

eyes were in the £0.50 D range and 94.4% were in the £1.00 D range of the refractive goal.
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F ively, the mean sphere value was —0.39 £ 0.3 and the cylinder value was —0.35 £0.25.
Topographic evidence showed that ablation was made in the visual axis and not in the center of

the cornea, thus correlating with the angle kappa. No signi were

in this small group of patients.

Conclusion: Hyperopic LASIK utilizing the topography-guided platform of the 400 Hz Eye-Q
Allegretto excimer and a femtosecond laser flap appears to be safe and effective for correction of
hyperopia and/or hyperopic
and stability and for improvement of both uncorrected and corrected distance visual acuity.

error correction

The results are impressive for

Keywords: topography-guided, LASIK, hyperopia, hyperopic astigmatism, mixed astigmatism,
angle kappa

Introduction

The evolution of laser technology has enabled treatment of myopic, hyperopic,
and astigmatic eyes to become more accurate. There have been several reports of
hyperopic laser-assisted in situ keratomileusis (LASIK) in the past.'"'" We have
previously reported on the use of standard wavefront-optimized excimer ablations in
hyperopic LASIK with good results'> and on the use of topography-guided excimer
ablations.'*!* Hyperopic patients invariably have a significant angle kappa.'* We have
anecdotally observed clinically superior visual axis centration in hyperopes when
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Figure | Flap-making report generated by the F5200 femtosecond laser.
Notes: The image of the flap created (right eye, surgeons view) is shown here in
reference to the pupil highlighted by the red circle and shown by the red arrow. It
is easy to ascertain that this flap has been created nasally in order to accommodate
a similarly placed topography-guided ablation.

degrees, with the yellow dots representing the postoperative
cylinder vectogram).

Figure 6 shows the predictability graph, with red dots
showing overcorrection and blue dots showing undercor-
rection; the green dots are within £0.5 D. This graph shows
a slight tendency for overcorrection of higher refractive
errors, which was our preoperative aim in order to com-
pensate for any long-term regression effect. Figure 7 is
the safety graph, with lines gained and lost, indicating a
good safety profile with this technique and an impressive
46.6% of cases gaining at least one line of acuity postop-
eratively. Flap diameter was 8.9 + 0.2 mm and flap thick-
ness was 135 + 8 pum, calculated by ultrasonic subtraction
pachymetry. The keratometry readings showed an initial
decrease within the first month, then demonstrated a pro-
gressive slow decline over the first 2 years, suggesting a
predictable long-term regression of the initial hyperopic
effect (Figure 8).

Figure 9 shows the results of preoperative and postop-
erative Scheimpflug-generated tomography. The red arrows
point to the visual axis and line of sight. It is obvious that
when one evaluates centration of the hyperopic ablation
achieved in this hyperopic eye, the optical zone appears
decentered in reference to the pupillary image (dotted circle).
It is nevertheless centered on the visual axis of this eye with
a significant angle kappa. The root mean square of higher-
order aberrations increased by 15% from a preoperative
value of 0.2-0.0 um to a postoperative value of 0.23 pum at
12 months of follow-up. There was no epithelial downgrowth
or any other significant complications noted in this small
group. Low contrast sensitivity score results at 12 cycles/
degree (column C on the chart) improved from an average
preoperative value of 6.4 to 6.8.

Discussion
We have previously shown that a similar Allegretto exci-
mer platform (200 Hz, wavefront-optimized excimer laser
platform) can be safe and effective in hyperopic LASIK.'
We have also shown that hyperopes have a significant angle
kappa, and centering their laser correction on the pupil may
be a mistake, suggesting that customized approaches to com-
pensate for the angle kappa may be required in hyperopes.'* In
this study, we used a 400 Eye-Q topography-guided platform
and a femtosecond laser for flap creation, and found that they
can be superior in terms of safety and efficacy when perform-
ing hyperopic and hyperopic astigmatic corrections.
Intricacies of topography-guided hyperopic LASIK
that we have encountered include the need for wider flap
diameters and the difficulty of centering ablation within
the stromal area exposed by the femtosecond laser flap.
We aimed for slight (1-1.5 mm) nasal decentration, and
slight (0.5 mm) superior decentration of the flaps in order to
avoid flap edge and/or hinge placement within the ablation

Figure 2 Concept of topography-guided ablation.

Notes: The image on the left shows the relative centration to the pupil image of a standard ablation for +3 diopters in the right eye of a patient. The image on the right
shows the exact same correction planned with the topography-guided platform. It is clear that the ablation here appears decentered nasally in reference to the pupillary

image (circle).
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Figure 3 Comparison of preoperative corrected distance visual acuity in blue and postoperative uncorrected distance visual acuity in red, showing obvious improvement.
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Figure 6 Predictability graph with red dots showing overcorrection and blue dots showing undercorrection, with green dots within £0.5 diopters.
Notes: This graph shows a slight trend for overcorrection of higher refractive errors, which was our preoperative aim in order to compensate for any long-term regression effect.

zone (Figures 1 and 2). We also calculated the shortest flap
diameter to be at least 9 mm in order to achieve adequate
ablation (Figure 2).

Some authors have expressed concern about inducing
higher order aberrations and astigmatism with hyperopic
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LASIK ablation.** No significant wavefront changes
occurred in our group. This may be in part attributable to use
of the femtosecond laser instead of microkeratome flaps, as
has been reported in the past.'® More than half of our patients
gained at least one line of corrected distance visual acuity.

49.1%

Gained 1 Gained 2 Gained > 2

Change in Snellen-lines

Figure 7 Safety graph with lines gained and lost, showing a good safety profile with this technique and an impressive 46.6% of cases gaining at least one line of acuity

postoperatively.
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Figure 8 Keratometry readings showed an initial increase within the first month, indicative of effective hyperopic correction, but demonstrated a progressive slow decline
over the first 2 years postoperatively, suggesting long-term regression of the initial hyperopic effect.

At 24 months of follow-up, the mean refraction spheri-
cal equivalent was £0.50 D of the intended postoperative
refraction in over 80% of cases, which is comparable with or
even better than the published results achieved using similar
systems for correction of hyperopic refractive errors.' "
This efficacy also extended to the treatment of mixed
hyperopic and astigmatic refractive errors which we theorize
may be in part attributable to positive cylinder conversion
and treatment of astigmatism on the steep meridian as well
as addressing the angle kappa. We consider it inadvisable

to perform hyperopic ablations in the center of the pupil,
because this will invariably decenter the actual ablation in
regard to the visual axis and line of sight, potentially inducing
astigmatism. This principle leaves the central optical zone
in these procedures untreated by the excimer because both
the hyperopia and the cylinder are treated in a theoretical
peripheral ring of 6.5-9.5 mm from the center of the visual
axis. However, the keratometric regression noted over the
average two-year follow-up period suggests that there is an
intrinsic bi hanical hanism in hyperopic LASIK,

Figure 9 Preoperative and postoperative Scheimpflug-generated tomography.

Notes: The red arrows point to the visual axis and line of sight. It is obvious that when one evaluates the centration of the achieved hyperopic ablation in this hyperopic
eye the optical zone appears nasally decentered in reference to the pupillary image (dotted circle). It is nevertheless centered on the visual axis of this eye with a significant

angle kappa.
Abbreviation: OD, right eye.
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