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Is LASIK the best procedure?
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Longterm bladeless LASIK outcomes with the FS20C
Femtosecond and EX500 Excimer Laser workstation: t
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Long-term bladeless LASIK outcomes with the
FS200 Femtosecond and EX500 Excimer Laser
workstation: the Refractive Suite

A John Kanellopoulos'?
George Asimellis'

Purpose: The evaluation of the safety, efficacy, and long-term stability of LASIK procedures
utilizing novel platform comprising a femtosecond and excimer laser and multiple networked
diagnostics.

Setting: Private clinical ophthalmology practice.

'Laservision.gr Institute, Athens,
Greece; ’NYU Medical School,
NY, USA Patients and methods: In consecutive cases of myopic LASIK procedure with a novel refrac-
tive platform (FS200 Femtosecond and EX500 Excimer Laser), 190 eyes (from 109 different
patients) were evaluated pre- and postoperatively for the following parameters: refractive error,
best corrected distance visual acuity, uncorrected distance visual acuity, topography (Placido-
disc based) and tomography (Scheimpflug-image based), wavefront analysis, pupillometry, and
contrast sensitivity. Follow-up visits were conducted for at least 12 months.

Results: The change from pre- to postoperative mean refractive error was from —5.29 +2.39
diopters (D) (range —8.0 to —0.50 D) to ~0.27 £ 0.09 D at the 3-month visit, ~0.27 £ 0.10 D
at the 6-month visit, and —0.39 % 0.08 D at the 1-year visit. The change from pre- to postop-
erative refractive astigmatism was ~1.07 £ 0.91 D (range —4.25 to 0 D) to ~0.14 £ 0.04 D at
3 months, —0.15 £ 0.04 at 6 months, and ~0.16 + 0.04 at the 1-year visit. The proportion of the
eyes with postoperative astigmatism within 0.5 D ranged between 95.6% and 99%. The propor-
tion of eyes achieving uncorrected distance visual acuity of 1.0 (decimal) was 93.0%.
Conclusion: The myopic LASIK clinical results with the FS200 Femtosecond Laser and EX500
gy mmmy gew  gpmmmmw | Excimer Laser showed outstanding efficacy, great safety, and long-term stability.

E E Keywords: bladeless LASIK flap, femtosecond laser, myopic correction, long-term stability,

regression, astigmatism correction, post-LASIK refraction

Video abstract

- Introduction
Laser-assisted in situ keratomileusis (LASIK) is a widely accepted method for cor-
recting the refractive error,'? as evidenced by the long number of publications in the
E peer-reviewed literature.
-

In recent years, the use of bladeless LASIK surgery utilizing a femtosecond laser
L (named for its ultrashort pulses, with duration of few femtoseconds or quadrillionths

e

of a second) for lamellar flap creation, as an alternative option to the mechanical
microkeratome,** has been studied as well.

A second laser involved in the procedure, the excimer provides the ablation and has
Correspondence: A John Kanellopoulos
Laservision.gr Eye Institute, 17 Tsocha
Street, Athens, Greece, 11521
Tel +30 21 0747 2777
Fax +30 21 0747 2789

also evolved significantly over the course of the past 10 years. Contemporary genera-
tion excimer lasers for refractive surgery operate with high pulse repetition (more than
400 Hz)** and scanning spot” and can provide customized ablation, including aspheric

Email ajk@brilliantvision.com ablation profiles,® guided,™' or tof ph ided'2
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Long-term LASIK outcomes — the Refractive Suite
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Figure | Postoperative uncorrected distance visual acuity at the 3-, 6-,and 12-month visics (clustered columns) versus preoperative best corrected visual acuity (stacked

red line).

Abbreviations: UDVA, uncorrected distance visual acuity; CDVA, best corrected visual acuity.

‘were unchanged, while 59.2% of the eyes gained one Snellen
line and 6.4% gained two or more Snellen lines. The propor-
tion of eyes losing one line was less than 2%, and so was the
proportion of eyes losing two Snellen lines.

Refractive stability and predictability

The refractive stability is demonstrated by the SE correc-
tion, at the 12-month postoperative visit (Figure 3). Defocus
equivalent results are presented in Figure 4.

Gain/loss in Snellen lines

Lost>2 Lost2 Lost 1 Unchanged Gained 1

Predictability is demonstrated in Figure 5, where the
achieved SE versus attempted SE (in D) was plotted, for
gate = 0.5 D. Of the 190 eyes shown, one eye (0.5%) is
marked with red, indicating overcorrection, 180 (95%) are
marked with green (indicating individual outcomes where
the achieved spherical correction was within the gate, that
is, 0.5 D of the attempted correction), and nine eyes (5%)
are marked with blue, indicating undercorrection. The data
have a linearity a = 1.00, with bias b=-0.16, and the regres-

u3 months

6 months

12 months

Gained 2 Gained > 2

oo

Figure 2 Safety distance visual acuity graph (% of eyes with gain/loss in Snellen lines), at the 3-, 6-, and 12-month visics.

School of Medicine ~ Kanellopoulos,MD ILSG!‘VISI n.gr




Kanellopoulos and Asimellis

Dove,

Spherical equivalent (D)

Figure 3 Stability of spherical equivalent for up to 12 months postoperatively.
Abbreviation: D, diopter.
sion coefficient (r) = 0.98. Likewise, in the 6-month follow-
up visit, the linearity was a = 1.02, and for the 12-month
postoperatively follow-up visit, the linearity was a = 0.99.
In a similar fashion, the SE refraction is depicted in
Figure 6, where SE during the 3-month, 6-month, and
12-month postoperatively follow-up visits are shown.

Keratometric and astigmatic changes

and stability

The comparison between postoperative and preoperative

refractive astigmatism is demonstrated by the percentage of

eyes within 0.25 D of postoperative refractive astigmatism.
= 3 months.
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As shown in Figure 7, at the 3-month visit, 94.7% of the eyes
showed astigmatism less than 0.25 D, at the 6-month visit,
and 97.9% showed less than 0.5 D refractive astigmatism at
the 12-month visit.

Of interest is the comparison between postoperative and
preoperative refractive astigmatism, in the form of a double
angle-cylinder scatterplot of the surgically induced astigma-
tism minus the target-induced astigmatism, an example of
which is shown in Figure 8.

The keratometric changes and stability is demonstrated
by the K-flat and K-steep average values during the 1-, 3-,
6-, and 12-month postoperative visits (Figure 9).

= 6 months 12 months

99.00% 99.50% 100.00%

<20 <3.0 <4.0

Defocus equivalent, D

Figure 4 Defocus equivalent resuls at the 3-, 6-, and 12-month visits.
Abbreviation: D, diopter.
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Figure 5 Predictabilty of spherical equivalent (SE) correction, showing achieved SE versus attempted SE.

Abbreviation: D, diopter.

Discussion

In clinical practice, we used the combined WaveLight

refractive suigely laserplatform comprisingthe FS200Fem:

tosecond_aser!® the EX500 ExcimerLaser andthe series
of networked diagnostic devices (including Vario Placido

topagraply, OculyzerIl Sc h e i nqgpdgrapty imaging,
aTschening wavefront system,andthe OB820biometer),
that tayether constitute the Refragti Suité.'”

Clinical resultsandfeaturesof the previous generations
of the WaveLight excimer series(200 Hz Allegretto and
400Hz Eye Q) hae been repded by our teamt?*®

The EX500 laser the latestevolution of the aforemen
tionedexcimerlasersemplo/sa1050Hz multidimensional
active tracker (with estimated response time [latency] of
2 millisecondsand ability to track pupil size from 1.5 to
8 mm), online optical pactymetly (enalling centralcomea
pachymetric measurements immediately following flap
remaoval and during the LASIK procedure)o dynamicaly
assesstissueremoval, an onboard nitrogen generator (making

theunits e | f - sfarhityogen)@anda500Hz laser pulse
frequengy thatenattesthetreatmenbf eachD of myopiain
1.4secondgbasedon a 6.0 mm optical zoneof treatment).
This enhancedspeedmay reducestromaldetydration,p a p
shrinkage, sensitivity to eye movements, and patient yxation
fatigue?

Thepying spot in theexcimer allowsonly onepulseinyve
to overlap and optimizes temporal and spatial shot distribu-
tion. Additional pulsesare sent to the periphery to compensate
for enegy loss, reducing the potential for nighttime glare.

The Refractive Suite operates on its own Ethernet network
andallowstheimport of diagnostiaiatafrom networkedscreen
ing devicesinto the planning software tools of both lasers. For
example, the Suite offers the ability to import the topometry
data from the Oculyzer 11 into the laser treatment planning
mode and to accordingly customize the excimer treatment to
the conea (for @, top@raply-guided treatment?.

Thelong-term clinical resultswith the systems described
above reported here show impressive refractive outcome,

Clinical Ophthalmolog 2013:7
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High myopia ongear refractive and keratometric
stability in LASIK with higfrequency femtosecond and excimer lasers.
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Digital analysis of flap parameter accuracy and objective
assessment of opaque bubble layer in femtosecond lase

assisted LASIK: a novel technique
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Digital analysis of flap parameter accuracy
and objective assessment of opaque bubble
layer in femtosecond laser-assisted LASIK:
a novel technique

A John Kanell los'?

George Asimellis'

'Laservision Eye Institute, Athens,
Greece; New York University School
of Medicine, New York, NY, USA

Video abstract
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Correspondence: A John Kanellopoulos
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Fax +30 210 747 2789
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kg : The purpose of this study was to determine flap parameter accuracy, extent of
the opaque bubble layer, and incidence of skip lines in femtosecond laser-assisted stromal in
situ keratomileusis (LASIK) using the WaveLight® FS200 laser and optoelectronic clinical
measurements.
Methods: Tmages from 101 flaps were automatically recorded during consecutive routine
LASIK procedures performed using the WaveLight FS200 femtosecond laser and the EX500
excimer laser. Digital processing of these images was used to evaluate objectively the diameter
of FS200-created flaps, by comparing planned versus achieved procedures and to evaluate the
incidence and extent (area) of the opaque bubble layer.
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
006 + 0.06 mm wider for a 9.50 mm flap. With an average flap area of 72.4 mm?, the mean
area of the opaque bubble layer (4.1 + 4.3 [range 0-14.34] mm?) corresponded to a 6% opaque
bubble I flap area. 80% of the
zero opaque bubble layer (<2.7% of the flap area).
Conclusion: In our clinical experience, flaps created using F$200 and this novel highly objec-

d flaps had an essentially

tive assessment technique demonstrate both precision and reproducibility. The incidence of
opaque bubble layer was minimal.

y : laser precision, bladeless las d stromal in situ

corneal flap diameter, opaque bubble layer, skip lines, WaveLight FS200

Introduction

There has been almost a decade of i imp since the il
of the near-infrared Nd:glass ultrashort pulse (100 x 10~"* second) laser, known as
the femtosecond, as a tool for creating flaps for the laser-assisted stromal in situ ker-
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
stroma can generate local ablation and a small amount of microplasma, which results
in microscopic cavitation and gas bubbles; proper arrangement in a raster form of a
large number of tightly spaced (eg, less than 8 um apart) consecutive bubbles is the
principle of femtosecond laser flap creation.>*

bt your manuseript
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Clinical Ophthalmology 2013:7 343-351 343
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Figure 2 Patient documentation file showing a rare example of an ellptic flap intended for correction of astigmatic myopia.
Notes: There are two diameters, namely 8.5 mm horizontal meridian (0-180 degrees) and 8.00 mm for the vertical meridian (90-270 degrees). This flap has no opaque
bubble layer or skip line, and in this respect represents the majority of cases in our study.

intended versus achieved vertical size is shown in Figure 5
(P <0.0001).

Because of the nature of the measurements involved, ie,
a grouped set of data, difference plots were drawn to demon-
strate specific bias between the intended versus achieved size.
A Bland-Altman plot for the intended versus achieved
horizontal size is shown in Figure 6, and the intended ver-

Figure 3 Methodology for measurement of opaque bubble layer area.

sus achieved vertical size is shown in Figure 7. A study of
measured bias (difference of achieved vs intended diameter)
is presented in Figure 8.

The incidence of OBL (Table 2), was measured to have
a mean area of 5.8% (minimum 0%, maximum 20.3%). No
significant variation was found between OD and OS eyes
(Table 3). Of the 101 flaps examined, 31 showed no OBL.

Notes: The area within the flap with white more than 50% is selected with the Magic Wand tool. The pixel area is determined by the histogram tool, and subsequently
converted to metric units. This is the maximal opaque bubble layer encountered in our study in a minority of cases, not exceeding 20% of the flap surface.

346 ‘submit your manuscript
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Threedimensional LASIK flap thickness variability: topographic
central, paracentral and peripheral assessment, in flaps createc
mechanical microkeratome (M2) and two different femtosecon
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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)
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Greece; NYU Medical School,
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Purpose: To cvaluate programmed versus achieved laser-assisted in situ keratomileusis
(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 2-7 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, USAT), and Group C (flaps
‘made by the Alcon WaveLight* F$200 femtosecond laser [Fort Worth, TX, USA]). Whole-cornea
topographic maps of flap and epithelial thickness were obtained by scanning high-frequency
ultrasound On cach eye,
was computed by the standard deviation of thickness corresponding to 21 equally spaced points
over the entire corneal area imaged.

flap and epithelial thickness variability

Results: The average central flap thickness for each group was 138.33 + 12.38 um (mean # stan-
dard deviation) in Group A, 128.46 + 5.72 um in Group B, and 122.00 + 5.64 um in Group C
Topographic flap thickness variability was 9.73 + 4.93 pm for Group A, 8.48 + 4.23 pm for
Group B, and 4.84 + 1.88 um 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),
indicating improved topographic flap thickness consistency — 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, ultrasound biomicroscopy

AlJohn K
Laservision.gr Institute,

17 Tsocha Street, Athens,
Greece 11521

Tel +30 210 7472777

Fax +30 210 7472789

Email i ion.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
!as well as h; .2
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Figure | Standard corneal analysis report used in our investigation.
Note: This specific flap has been created with the F$200 femtosecond hiser.
Abbreviation: LASIK, laser-assisted in sicu keratomileusis.

with an intended (programmed) thickness of 120 um.
Representative flap thickness maps from each group are
shown in Figure 3.

Column 5 in Table 1 shows the grouped topographic flap
thickness values, their range, and standard deviation.

As presented in the tabulated data and illustrated in
Figure 4, the mean topographic flap thickness variability was
9.73 + 4.93 um for Group A, 8.48 + 4.23 um for Group B,
and 4.84 + 1.88 pm for Group C.

Paired comparisons between the three modalities
(Table 2) show that there is a statistically significant flap
thickness difference between the FS200 and M2 microker-
atome groups (P=0.004), while the other two pairs (FS200
and FS60; FS60 and M2) were not statistically different
(paired sample #-test, P = 0.078 and 0.095, respectively).

Epithelial thickness and topographic
variability

To determine any potential bias in these flap thickness and/or
thickness variability measurements from epithelial masking,
we investigated epithelial thickness. Results per group are
reported in Table 3 and illustrated in Figure 5. The mean
epithelial thickness was 51.50 £ 4.19 um in Group A,
51.54:4.16 um in Group B, and 49.53 +4.28 jum in Group C.

-
«
i
La
-
&

Nates:

N

O { |
L
esldual stroma . romal comp of flap

Topographic epithelial thickness variability for the three
groups was 4.15 + 1.53 im in Group A, 5.11 % 1.15 um in
Group B, and 3.97 + 1.58 um in Group C.

In our study, none of the cases showed a significant epithe-
lial thickness deviation that suggested early ectasia, nor did

Mean epithelial thickness overall 55um

Minimurn stromal thickness 374 pm
Minimum coreal thickness 433pm
Mean corneal thickness @ 0~3 mm 447 um

Mean corneal thickness @ 3~6 mm 519 um

Minimo residual stroma 310pm
Mean stromal component o flap 7pm

Mean flap depth overal 122pm
Mean flap depth @ 0-3 mm 125 um

Mean flap depth @ 3~6 mm 124 pum

Figure 2 Deail from the lower-lefc table of the corneal analysis report depicted
in Figure 1. showing data recorded for mean epithelial thickness, mean flap depth
(0-6 mm), central flap depth (0-3 mm), and peripheral flap depth (3-6 mm).
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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® F$200 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

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

variability
GroupA M2
Average 13883 13833 140.58 9.73
Maximum  159.00 159.00 159.00 17.05
Minimum ~ 114.00 115.00 114.00 337
sD 1238 1285 1209 493
GroupB  FS60
Average 12846 13031 128.15 848
Maximum 13700 142.00 136.00 17.16
Minimum ~ 119.00 120.00 119.00 294
sD 572 6.80 549 423
GroupC  FS200
Average 122.00 12220 12253 484
Maximum ~ 135.00 137.00 13600 7.96
Minimum ~ 94.00 90.00 97.00 1.68
sD 5.64 6.1 547 1.88

Note: Al values are expressed in micrometers (1m).
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. 202

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
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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; “F5200” refers to the WaveLight®
F$200 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 pm 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 pum 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 5.1
Maximum 58.00 6.92
Minimum 44.00 342
sD 4.16 115
Group C FS200
Average 49.53 397
Maximum 56.00 7.56
Minimum 42.00 1.10
sD 428 1.58

Note: Al values are expressed in micrometers (im).
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 um — ie, a +39 pum difference)
with an average thickness standard deviation of 12.38 um.
In addition, we observe that this group had the largest
topographic thickness variability (9.73 £4.93 pm), 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 um 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 pm. How-
ever, the range is smaller (minimum, 119 pm, maximum,
137 pm), and so is the standard deviation (6.80 pm). 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 pm).

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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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 pm).

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 um
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 pm 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 um, 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 um) 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

A

Stroma

Femtosecond laser

Gas bubbles * &+
Lamellar cut

cut At

Deeper stromal 6gas decompressic

Stroma
Lamellar cut

Gas bubbles +& ‘

Escaping gas

Escaptd Channel through the hinge Escaping gas

Figure 6 the the(A)I ntral a
FS60(Abbott Medical Optics, SantaAna, CA, USA) and (B) WaveLight FS200
(Alcon, Fort Worth, TX, USA) femtosecond lasers.

Notes: In the initid phase of ffla creation with the FS0, a stroma oges
decompr peketiiscrealed, while, with the FS200a channelthrough the
hinge is created to help the gas escape.

is cleary shavn in 6B (FS200),whereasthereis no such
channel in 6A (FS60).

We conclude that all three devices are very safe and
offer great efycacy in pap making. Both femtosecond
lasers appear to be more accurate in generating the desired
central corneal pap thickness, as expected. However, the
dramatic difference in overall pap thickness between the
FS200 and the other two modalities studied herein may
suggest that the FS200 has a better aberrations proyle
and better mesopic and scotopic visual functions. As our
momentum in corneal imaging expands, we may come to
explain and understand visual function parameters beyond
acuity and refraction that may be signiycant in assessing
modern refractive surgery.

Conclusion

Our study suggestghat the WaveLight FS200femtosee
ond laser has a statistically higher precision in planar pap
thickness creation as paps created with this laser have a
statistically smaller pap thickness area variation when
compared with the paps produced by the Intral_ase FS60
andM2 microkeratome. The difference between the FS200
andthe FS60may stem from their different intraoperative
gas-venting techniques and/or their different i activeversus
passve 1 i n tvesaction methodsi
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OBL elimination in F$200

Table | Incidence of opaque bubble layer, expressed as a
percentage of total flap area, with comparative results for the
wide and narrow canal groups

Wide canal group  Narrow canal group
Eyes (n) 7 7

Mean OBL area 3.69% 6.06%

Standard deviation  3.78% 6.58%

Minimum 0.00% 0.00%

Maximum 1134% 2034%

OBL in group A (wide canal) was digitally measured to
have a mean arca of 3.69%  3.78%, where the percentage
indicates the fraction of the OBL area with respect to the total
flap arca. The maximum OBL percentage was 11.3%, and
the minimum was 0%. Of the 72 flaps examined, 27 had no
OBL present (that is, OBL area 0%). The comparative OBL
incidence metrics for both groups are presented in Table 1,
and histogram data and box plots for the incidence of OBL in
both groups are shown in Table 2 and Figure 2, respectively.
The one-tailed r-test was performed because the results were
expanding only in the positive direction, and yielded a value
of P=0.00452 between the groups.

Discussion
Creation of a LASIK flap with a femtosecond laser is
to for a more

Table 2 Comparative OBL histogram data, expressed as %
fraction of total flap area for the two groups in the study

OBL area (% of number of cases

total flap area) group A wide group B wide
canal group canal group

0%-2% 35 3

8%-10%
10%-12%
129%-14%
14%-16%
16%-18%
>18%

coormzan
MNNWG s G s

centered, higher controlled-geometry, both in depth? as well
as diameter.”” In an carlier effort to validate the precision
and accuracy of flap creation, we had introduced a quantita-
tive digital analysis technique for accurate measurement of
flap diameter and extent of OBL for flaps created using the
Alcon/WaveLight FS200 femtosecond laser during LASIK
and prior to lifting of the flap.®

A major finding of this study was that OBL was rare
and consistently of the “delayed” form, and that there was a
“signature” of accumulation near the sides of the canal and
towards the limbus (Figure 3). Our hypothesis to explain why

OBL (decimal fraction of flap area)
-
3
K

0%

Wide canal

Narrow canal

Figure 2 Box plots for OBL. expressed as fraction of the towl flp area for the two groups, indicating the 99% point with the x sign, and the mean poinc with the  sign.

fertical axis, range of extent of OBL as a fraction of tota flap area.
Abbreviation: OBL, opaque bubble layer
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