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Is PRK the best procedure? 
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Is LASIK the best procedure? 

Ectasia 
Dry eye 
Induced aberrations 
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Refractive Suite 

WaveLight® FS200 
Femtosecond Laser 

WaveLight® EX500 
Excimer Laser 
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Featuring very fast  flap creation times, the 200 kHz 
WaveLight® FS200 Femtosecond Laser delivers precise, 
predictable outcomes: 

•  Our 8.5mm flaps take 12 seconds 
− Tight spot / line separation 

•  Standard flap creation in as little as 6 seconds* 
•  Automated vacuum control of the patient interface 

for consistent suction** 
•  Distance pieces to minimize ocular distortion during 

suction 
• Short “suction on” to “suction off” time 
• Physician-controlled suction 
• Patient interface allows treatment of more deeply set eyes 
• Ergonomic ring designed for: 

−  Minimized ocular distortion 

** Technical Aspects of the WaveLight® FS200 Femtosecond Laser – M. Mrochen, T. Seiler et al JRS  Vol 26, No. 10, 2010 and WaveLight FDA 510K. 

*ALCON® FS200 Operator’s Manual 
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•  Improves the patient experience and patient flow 
•  500 Hz laser head treats 1.0 diopter in 1.4 seconds 
•  1050 Hz multi-dimensional eye tracker synchronized at 

500 Hz with a latency of 2 milliseconds 
•  Network connectivity allows seamless data transfer 

through the full WaveLight® Refractive System 
•  Advanced ergonomic design with enhanced feature set 

facilitates patient flow and physician experience 

WaveLight® EX500 Excimer 
Laser 
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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.
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 
Excimer Laser showed outstanding efficacy, great safety, and long-term stability.
Keywords: bladeless LASIK flap, femtosecond laser, myopic correction, long-term stability, 
regression, astigmatism correction, post-LASIK refraction

Introduction
Laser-assisted in situ keratomileusis (LASIK) is a widely accepted method for cor-
recting the refractive error,1,2 as evidenced by the long number of publications in the 
peer-reviewed literature.

In recent years, the use of bladeless LASIK surgery utilizing a femtosecond laser 
(named for its ultrashort pulses, with duration of few femtoseconds or quadrillionths 
of a second) for lamellar flap creation, as an alternative option to the mechanical 
microkeratome,3,4 has been studied as well.

A second laser involved in the procedure, the excimer provides the ablation and has 
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)5,6 and scanning spot7 and can provide customized ablation, including aspheric 
ablation profiles,8 wavefront-guided,9,10 or topography-guided11,12 treatments.
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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.

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-
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Figure 1 Postoperative uncorrected distance visual acuity at the 3-, 6-, and 12-month visits (clustered columns) versus preoperative best corrected visual acuity (stacked 
red line).
Abbreviations: UDVA, uncorrected distance visual acuity; CDVA, best corrected visual acuity.
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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. 

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).
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Figure 3 Stability of spherical equivalent for up to 12 months postoperatively.
Abbreviation: D, diopter.
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Figure 4 Defocus equivalent results at the 3-, 6-, and 12-month visits.
Abbreviation: D, diopter.
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Discussion
In clinical practice, we used the combined WaveLight 
refractive surgery laser platform comprising the FS200 Fem-
tosecond Laser,16 the EX500 Excimer Laser, and the series 
of networked diagnostic devices (including Vario Placido 
topography, Oculyzer II Scheimpflug topography imaging, 
a Tscherning wavefront system, and the OB820 biometer), 
that together constitute the Refractive Suite®.17

Clinical results and features of the previous generations 
of the WaveLight excimer series (200 Hz Allegretto and 
400 Hz Eye Q) have been reported by our team.12,19

The EX500 laser, the latest evolution of the aforemen-
tioned excimer lasers, employs a 1050 Hz multidimensional 
active tracker (with estimated response time [latency] of 
2 milliseconds and ability to track pupil size from 1.5 to 
8 mm), online optical pachymetry (enabling central cornea 
pachymetric measurements immediately following flap 
removal and during the LASIK procedure) to dynamically 
assess tissue removal, an onboard nitrogen generator (making 

the unit self-sufficient for nitrogen), and a 500 Hz laser pulse 
frequency that enables the treatment of each D of myopia in 
1.4 seconds (based on a 6.0 mm optical zone of treatment). 
This enhanced speed may reduce stromal dehydration, flap 
shrinkage, sensitivity to eye movements, and patient fixation 
fatigue.20

The flying spot in the excimer allows only one pulse in five 
to overlap and optimizes temporal and spatial shot distribu-
tion. Additional pulses are sent to the periphery to compensate 
for energy loss, reducing the potential for nighttime glare.

The Refractive Suite operates on its own Ethernet network 
and allows the import of diagnostic data from networked screen-
ing devices into the planning software tools of both lasers. For 
example, the Suite offers the ability to import the topometry 
data from the Oculyzer II into the laser treatment planning 
mode and to accordingly customize the excimer treatment to 
the cornea (for eg, topography-guided treatment).12

The long-term clinical results with the systems described 
above reported here show impressive refractive outcome, 
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Figure 5 Predictability of spherical equivalent (SE) correction, showing achieved SE versus attempted SE.
Abbreviation: D, diopter.
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High myopia one-year refractive and keratometric  

stability in LASIK with high-frequency femtosecond and excimer lasers.  
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“Decentered” ablation 
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Prophylactic higher fluence UV CCL in LASIK 
a novel technique 

 

Henry Perry, MD and A. John Kanellopoulos, MD 
Clinical Associate Professor New York University Medical School 

Director, Laservision.gr Institute, Athens, Greece 
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Topo-guided hyperopic LASIK Xtra 
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Figure 9 
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 

angle kappa.
Abbreviation: OD, right eye.

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.1–11,17 
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 biomechanical mechanism in hyperopic LASIK, 
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he evolution of laser vision correction technology has 
made the treatment of myopia, hyperopia, and astig-
matism more accurate. Numerous studies of hyper-

opic LASIK have been reported,1-7 and as the WaveLight Al-
legretto Wave laser (Alcon Laboratories Inc, Ft Worth, Texas) 
was introduced, reports of wavefront-optimized hyperopic 
LASIK have also been published.8,9 We previously reported 
the use of topography-guided excimer laser ablations for hy-
peropia and their advantage in correcting angle kappa.10,11

Recently, we published a report on a large cohort of to-
pography-guided hyperopic LASIK with long-term follow-
up.12 In this study, we found a higher level of safety and ef-
fi cacy when treating hyperopia and hyperopic astigmatism 
with topography-guided LASIK. Nevertheless, between 1 and 
2 years postoperatively a consistent level of regression was 
noted. We theorized that this was due to a progressive fl at-
tening effect, and not due to latent hyperopia and/or accom-
modation loss, because the regression was consistent with 
a reduction of the amount of “steepening” of corneal shape 
achieved initially. 

We also introduced the concept of high irradiance, short 
exposure corneal collagen cross-linking (CXL)13 and prophy-
lactic CXL in myopic LASIK several years ago,14 and recently 
reported the long-term safety and effi cacy of these therapies. 
In the present study, we have attempted to evaluate the effect 
of “prophylactic” CXL in the long-term stability and safety of 
hyperopic topography-guided LASIK.

PATIENTS AND METHODS
All patients signed informed consent prior to treatment. 

Thirty-four patients (68 eyes) underwent bilateral topograph-

TABSTRACT

PURPOSE: To evaluate the safety and effi cacy of intra-
stromally applied collagen cross-linking (CXL) in a com-
parative contralateral eye study of topography-guided 
femtosecond laser–assisted hyperopic LASIK.

METHODS: Thirty-four consecutive patients with hyper-
opia and hyperopic astigmatism elected to have bilater-
al topography-guided LASIK and were randomized to re-
ceive a single drop of 0.1% sodium phosphate ribofl avin 
solution under the fl ap followed by 3-minute exposure 
of 10 mW/cm2 ultraviolet A (UVA) light with the fl ap re-
aligned in one eye (CXL group) and no intrastromal CXL 
in the contralateral eye (no CXL group). All eyes were 
treated with the WaveLight FS200 femtosecond laser 
and WaveLight EX500 excimer laser (Alcon Laboratories 
Inc). Refractive error and keratometric, topographic, and 
tomographic measurements were evaluated over mean 
follow-up of 23 months.  

RESULTS: Preoperatively, mean spherical equiva-
lent refraction was !3.15"1.46 diopters (D) and 
!3.40"1.78 D with a mean cylinder of 1.20"1.18 
D and 1.40"1.80 D and mean uncorrected distance 
visual acuity (UDVA) (decimal) of 0.1"0.26 and 
0.1"0.25 in the CXL and no CXL groups, respectively. 
Postoperatively, mean spherical equivalent refraction 
was #0.20"0.56 D and !0.20"0.40 D with mean 
cylinder of 0.65"0.56 D and 0.76"0.72 D and mean 
UDVA of 0.95"0.15 and 0.85"0.23 in the CXL and no 
CXL groups, respectively. Eyes with CXL demonstrated a 
mean regression from treatment of !0.22 D, whereas 
eyes without CXL showed a statistically signifi cant great-
er regression of !0.72 D (P=.0001).

CONCLUSIONS: Topography-guided hyperopic LASIK 
with or without intrastromal CXL is safe and effective, 
with greater long-term effi cacy (less regression) in eyes 
with CXL. Our data suggest that the regression seen 
with hyperopic LASIK may be related to biomechanical 
changes in corneal shape over time. [J Refract Surg. 
2012;xx(x Suppl):Sxxx-Sxxx.] 
doi:10.3928/1081597X
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We introduced the concept of  LASIK Xtra-it may 
become a standard adjunct in the management of  high 

errors with LASIK 

•  In Chicago for the upcoming 2012 ASCRS we 
will present convincing data that adjunct CXL 
may change completely the management of  
hyperopia and hyperopic LASIK 
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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

Anastasios John 
Kanellopoulos

Department of Ophthalmology,  
New York University Medical School, 
New York, NY, and LaserVision.gr 
Eye Institute, Athens, Greece

Correspondence: Anastasios John 
Kanellopoulos 
LaserVision.gr Eye Institute, Tsocha 17 
Ampelokipi, Athens 11527, Greece 
Tel 30 21 0747 2777 
Fax 30 21 0747 2789 
Email ajk@brilliantvision.com

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 astigmatism using the topography-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. 
 Postoperatively, 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 significant complications were encountered 
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 astigmatism. The results are impressive for refractive error correction 
and stability and for improvement of both uncorrected and corrected distance visual acuity.
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.1–11 We have 
previously reported on the use of standard wavefront-optimized excimer ablations in 
hyperopic LASIK with good results12 and on the use of topography-guided excimer 
ablations.13,14 Hyperopic patients invariably have a significant angle kappa.15 We have 
anecdotally observed clinically superior visual axis centration in hyperopes when 
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Figure 1 Flap-making report generated by the FS200 femtosecond laser.
Notes:
reference to the pupil highlighted by the red circle and shown by the red arrow. It 

a similarly placed topography-guided 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).

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 m, 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 m to a postoperative value of 0.23 m 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.12 
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.15 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 
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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 

LASIK ablation.4,5 No signif icant 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.16 More than half of our patients 
gained at least one line of corrected distance visual acuity.
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Background: 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: Images 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 

0.06  0.06 mm wider for a 9.50 mm flap. With an average flap area of 72.4 mm2, the mean 
area of the opaque bubble layer (4.1  4.3 [range 0–14.34] mm2) corresponded to a 6% opaque 
bubble layer-to-flap area. Specifically, 80% of the femtosecond-created flaps had an essentially 
zero opaque bubble layer ( 2.7% of the flap area).
Conclusion: In our clinical experience, flaps created using FS200 and this novel highly objec-
tive assessment technique demonstrate both precision and reproducibility. The incidence of 
opaque bubble layer was minimal.
Keywords: femtosecond laser precision, bladeless laser-assisted stromal in situ keratomileusis, 
corneal flap diameter, opaque bubble layer, skip lines, WaveLight FS200

Introduction
There has been almost a decade of continuous improvement since the introduction 
of the near-infrared Nd:glass ultrashort pulse (100  10 15 second) laser, known as 
the femtosecond, as a tool for creating flaps for the laser-assisted stromal in situ ker-
atomileusis (LASIK) procedure.1 The laser light, due to its near-infrared wavelength 
(1.053 m), 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 m apart) consecutive bubbles is the 
principle of femtosecond laser flap creation.2,3
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Initially, an image was captured with a calibrated millimeter 
scale and a dedicated disposable applanation cone. Based on 
the scale established by a 10 mm reference, the cone diameter 
was calculated as 13.414 mm, which corresponds to the data 
for diameter provided by the manufacturer. To account for 
variation in size of the disposable applanation cone, 20 random 
cones were selected and measured using a mechanical 
micrometer-precision caliper. Measured mechanically, the 
average cone diameter was 13.415  0.01 m, confirming the 
accuracy of the internal camera imaging application.

Flap dimensions and area determination
The pixel to mm conversion scale was established to be 
0.0453 mm/pixel for the horizontal meridian, on the horizontal 
plane, along the nasal-temporal line (0–180 degrees, Figure 1). 
For the vertical meridian, on the coronal plane, along the 
superior–inferior line (90–270 degrees) the conversion scale 
was established to be 0.047 mm/pixel. This difference is attrib-
uted to a consistent compression ratio difference of the internal 
camera imaging optics. For the vertical meridian measurements, 
a virtual extension of the radial shape was assumed, ignoring 
deviation from the circular shape due to the canal.

The designated flap parameters were imported from the 
patient’s image file, as shown in Figure 2. The images were 
uploaded in Adobe Photoshop CS5 version 12.04 (Adobe 
Systems Inc, San Jose, CA, USA). Pixel dimensions were 
determined using the “elliptical marquee tool” option set to 
“fixed size”. For example, a 296  285 elliptical marquee can 
be used to fit fully with the border of a 13.41  13.41 mm cone. 

Flap size was determined by selecting the elliptical marquee 
to match the size of the virtual circle that defines each slide, 
which is typically circular (see Figure 2, in which the flap was 
designed to be elliptical, ie, two different diameters, 8.50 mm 
and 8.00 mm). Conversely, using the established pixel to 
mm conversion scale, the pixel size of each flap dimension 
was converted to mm units. The pixel size for width was 
used to measure the horizontal dimension, and the pixel size 
for height was used to measure the vertical flap dimension 
(assuming an uninterrupted circular shape). Likewise, the 
“histogram tool” report was read to establish the flap area 
(assuming an uninterrupted circular shape) in pixels, which 
is subsequently converted to metric units (mm2).

Determination of OBL dimensions  
and area
The OBL area was measured using the Magic Wand tool, 
whereby the area within the flap with “white” more than 
50% was selected (Figure 3). Likewise, the pixel area was 
determined by the histogram tool, with conversion in mm2. 
The percentage of the OBL to total flap area, as determined 
in the previous step, was then computed.

Determination of skip line incidence
Determination of the presence of a skip line was made when 
at least five consecutive “comb” lines were determined to be 
present in the flap area.

Statistical analysis
Linear regression analysis was used to seek possible correlations 
between intended and achieved flap dimensions.  Descriptive 
statistics (average, minimum, maximum, standard deviation, 
and range), comparative statistics, and linear regression were 
performed in Microsoft Excel 2010 (Microsoft  Corporation, 
Redmond, WA, USA) and OriginLab version 8  (OriginLab 
Corp, Northampton, MA, USA).  Analysis of variance between 
groups was performed using the Origin Lab statistics tool.

Results
Of the 101 flaps examined, the majority (n  63) were 
intended to 8.50 mm in diameter, one 8.70 mm, and one 
9.00 mm (Table 1).The intended versus achieved flap dimen-
sions according to intended size is summarized in Table 4. 
As stated earlier, separate measurements were undertaken 
for the horizontal meridian (0–180 degrees) and for the 
vertical meridian (90–270 degrees). The overall correlation 
between intended versus achieved horizontal size is shown 
in Figure 4 (P  0.0001), while the correlation between the 

Figure 1 
Notes: Green arrow corresponds to applanation cone 13.41 mm across, as 

estab
bubble layer and no skip line.
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Figure 2 
Notes:
bubble layer or skip line, and in this respect represents the majority of cases in our study.

Figure 3 Methodology for measurement of opaque bubble layer area.
Notes:

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-

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. 
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Table 1
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Notes: 2

Abbreviation:

A histogram for incidence of OBL is shown in Figure 9. Of 
the 101 flaps examined, nine (8.91%) showed a noticeable 
skip line.

Discussion

Despite an excellent overall correlation between intended 
and achieved flap size (Pearson’s r2  0.96; P  0.001 for the 
horizontal and r2  0.997; P  0.001 for the vertical meridian), 
there was a very small bias between intended and achieved 
flap size, independent of the meridian (vertical or horizontal) 
but related to the indented flap diameter.  Specifically, for the 
small flap size (diameter 8.00 mm), the mean achieved flap 
diameter was minimally smaller, ie, for the horizontal diam-
eter 7.85  0.04 (range 7.93 max–7.80 min) mm and for the 
vertical diameter 7.83  0.03 (range 7.87 max–7.80 min) mm. 
Therefore, precision as indicated by the standard deviation 
was found to be between 0.04 and 0.03 mm. Accuracy, as 
determined by the bias related to the intended flap size was 

also impressive at 0.15 and 0.17 mm, respectively, for the 
horizontal and vertical diameters. No variation was noted 
between OD and OS eyes, which further confirms the accuracy 
of these findings (Table 3). As shown in Figure 8, accuracy 
and precision was similar for the 8.50 mm flap diameter. 
 Specifically, the bias was 0.12 mm (mean 8.38  0.03 
[range 8.43 max–8.34 min] mm for the horizontal diameter 
and 8.39  0.02 [range 8.41 max–8.34 min] mm for the verti-
cal diameter), and was also insignificant for the 8.70 mm and 
9.00 mm flaps, although there were just two cases with these 
intended numbers. In regard to the largest flap size (9.50 mm), 
this small bias became positive.  Specifically, the average 
achieved diameter was 9.56  0.00 mm for the horizontal 
diameter and 9.53  0.03 mm for the vertical diameter.

However, it is noted that in a similar study12 involving 
porcine cadaver eyes and the prototype 200 kHz femtosecond 
laser UltraFlap (WaveLight GmbH, Erlangen, Germany), the 
successor of which is the FS200 femtosecond laser (Alcon, 
Fort Worth, Texas), a positive bias of approximately 0.03 
to 0.06 mm was found for all flap diameters, and the flap 
diameter precision was found to correspond to a larger stan-
dard deviation ( 0.10 to 0.15 mm). This wider uncertainty 
may be attributed to the fact that the study was conducted 
using mechanical measurements (sliding caliper). Thus, we 
introduce this novel technique as a new benchmark for evaluat-
ing flap dimensions in LASIK. In another recently published 
study that examined the predictability of dimensions for flaps 
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vertical refers to the coronal plane, along the superior–inferior line.

Table 2 Incidence of opaque bubble layer

Area  
covered (%)

Incidence  
(n)

Total  

Opaque bubble layer
Mean 1  SD 51 50.50

Mean 0.5  SD 8 7.92

Mean 0.5  SD 9 8.91
9.02–12.17 Mean 1  SD 11 10.89
12.18–15.33 Mean 1.5  SD 22 21.78

Note:
Abbreviation: SD, standard deviation.

Table 3 Opaque bubble layer in all eyes, and in OD and OS eyes

OBL incidence (coverage)

All eyes OD OS

Mean
Maximum
Minimum
SD

Abbreviation: SD, standard deviation.

created using a pendular microkeratome,13 it was found that 
the microkeratome achieved a mean flap diameter of 9.2 mm 
using the 9.0 mm ring and 9.8 mm using the 10.0 mm ring, 
indicating a precision in the order of 0.2 mm.

A similar result was reported in another study,14 in which 
the corneal flap was assessed manually by the surgeon dur-
ing the procedure, with flaps created using a “planar” bladed 
keratome. In that study, it was found that the microkeratome 
achieved a mean flap diameter of 9.2  0.2 mm using 
the 9.0 ring. We have encountered a similar challenge with the 
manual flap dimension measurement by the surgeon.15–17

In both studies,13,14 the precision was found to be at least 
0.15 mm, which is a very large standard deviation and more 
uncertain than the corresponding FS200-created flaps, as 
measured by our digital technique.

Incidence of OBL
Our study showed a small incidence of OBL because of the 
continuous improvement in “channeling” of gas buildup outside 

the cornea at the limbus during lamellar dissection of the cornea. 
This is also always on the hinge side of the flap. The reason why 
the OBL appeared always at the hinge side of the flap is that the 
OBL is caused by a buildup of trapped gas. As lamellar dissection 
by the laser progresses, the lamellar pocket space created is larger, 
thereby reducing this phenomenon. The type of OBL observed 
in our study is the so-called “delayed” or “soft” as opposed to 
“hard” or “advancing” OBL ahead of the laser breakdown raster 
line. Thus, appearance of a delayed OBL does not interfere with 
focusing of the laser during creation of the flap.

We speculate that the reason why the incidence of OBL was 
so small is related to the innovative way in which the FS200 
laser tackles this problem, ie, creation of the flap starts with 
a venting dissection corridor fashioned by the surgeon within 
the hinge of the flap, which acts as a venting “chimney” for the 
lamellar dissection part of the flap creation procedure. Other 
lasers, such as the IntraLase™ (Abbott Medical Optics Inc, 
Santa Ana, CA, USA), create a vertical gas pocket near the 
hinge, acting as an escape route for gas which has built up within 
the cornea. Our findings indicate that half of the flaps created 
had 2.7% of OBL in the total flap area (with 30% having 
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Background: 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: Images 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 

0.06  0.06 mm wider for a 9.50 mm flap. With an average flap area of 72.4 mm2, the mean 
area of the opaque bubble layer (4.1  4.3 [range 0–14.34] mm2) corresponded to a 6% opaque 
bubble layer-to-flap area. Specifically, 80% of the femtosecond-created flaps had an essentially 
zero opaque bubble layer ( 2.7% of the flap area).
Conclusion: In our clinical experience, flaps created using FS200 and this novel highly objec-
tive assessment technique demonstrate both precision and reproducibility. The incidence of 
opaque bubble layer was minimal.
Keywords: femtosecond laser precision, bladeless laser-assisted stromal in situ keratomileusis, 
corneal flap diameter, opaque bubble layer, skip lines, WaveLight FS200

Introduction
There has been almost a decade of continuous improvement since the introduction 
of the near-infrared Nd:glass ultrashort pulse (100  10 15 second) laser, known as 
the femtosecond, as a tool for creating flaps for the laser-assisted stromal in situ ker-
atomileusis (LASIK) procedure.1 The laser light, due to its near-infrared wavelength 
(1.053 m), 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 m apart) consecutive bubbles is the 
principle of femtosecond laser flap creation.2,3
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Initially, an image was captured with a calibrated millimeter 
scale and a dedicated disposable applanation cone. Based on 
the scale established by a 10 mm reference, the cone diameter 
was calculated as 13.414 mm, which corresponds to the data 
for diameter provided by the manufacturer. To account for 
variation in size of the disposable applanation cone, 20 random 
cones were selected and measured using a mechanical 
micrometer-precision caliper. Measured mechanically, the 
average cone diameter was 13.415  0.01 m, confirming the 
accuracy of the internal camera imaging application.

Flap dimensions and area determination
The pixel to mm conversion scale was established to be 
0.0453 mm/pixel for the horizontal meridian, on the horizontal 
plane, along the nasal-temporal line (0–180 degrees, Figure 1). 
For the vertical meridian, on the coronal plane, along the 
superior–inferior line (90–270 degrees) the conversion scale 
was established to be 0.047 mm/pixel. This difference is attrib-
uted to a consistent compression ratio difference of the internal 
camera imaging optics. For the vertical meridian measurements, 
a virtual extension of the radial shape was assumed, ignoring 
deviation from the circular shape due to the canal.

The designated flap parameters were imported from the 
patient’s image file, as shown in Figure 2. The images were 
uploaded in Adobe Photoshop CS5 version 12.04 (Adobe 
Systems Inc, San Jose, CA, USA). Pixel dimensions were 
determined using the “elliptical marquee tool” option set to 
“fixed size”. For example, a 296  285 elliptical marquee can 
be used to fit fully with the border of a 13.41  13.41 mm cone. 

Flap size was determined by selecting the elliptical marquee 
to match the size of the virtual circle that defines each slide, 
which is typically circular (see Figure 2, in which the flap was 
designed to be elliptical, ie, two different diameters, 8.50 mm 
and 8.00 mm). Conversely, using the established pixel to 
mm conversion scale, the pixel size of each flap dimension 
was converted to mm units. The pixel size for width was 
used to measure the horizontal dimension, and the pixel size 
for height was used to measure the vertical flap dimension 
(assuming an uninterrupted circular shape). Likewise, the 
“histogram tool” report was read to establish the flap area 
(assuming an uninterrupted circular shape) in pixels, which 
is subsequently converted to metric units (mm2).

Determination of OBL dimensions  
and area
The OBL area was measured using the Magic Wand tool, 
whereby the area within the flap with “white” more than 
50% was selected (Figure 3). Likewise, the pixel area was 
determined by the histogram tool, with conversion in mm2. 
The percentage of the OBL to total flap area, as determined 
in the previous step, was then computed.

Determination of skip line incidence
Determination of the presence of a skip line was made when 
at least five consecutive “comb” lines were determined to be 
present in the flap area.

Statistical analysis
Linear regression analysis was used to seek possible correlations 
between intended and achieved flap dimensions.  Descriptive 
statistics (average, minimum, maximum, standard deviation, 
and range), comparative statistics, and linear regression were 
performed in Microsoft Excel 2010 (Microsoft  Corporation, 
Redmond, WA, USA) and OriginLab version 8  (OriginLab 
Corp, Northampton, MA, USA).  Analysis of variance between 
groups was performed using the Origin Lab statistics tool.

Results
Of the 101 flaps examined, the majority (n  63) were 
intended to 8.50 mm in diameter, one 8.70 mm, and one 
9.00 mm (Table 1).The intended versus achieved flap dimen-
sions according to intended size is summarized in Table 4. 
As stated earlier, separate measurements were undertaken 
for the horizontal meridian (0–180 degrees) and for the 
vertical meridian (90–270 degrees). The overall correlation 
between intended versus achieved horizontal size is shown 
in Figure 4 (P  0.0001), while the correlation between the 

Figure 1 
Notes: Green arrow corresponds to applanation cone 13.41 mm across, as 

estab
bubble layer and no skip line.
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Astigmatic keratotomy evolution  
from blade to OCT-guided laser 
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More questions than answers! 

•  Excimer refractive surgery 
•  Femto refractive and lens surgery  
•  Visual axis alignment and laser 

centration 
•  IOL development 
•  Minimize Diffraction 
•  Manipulate biomechanics through 

CXL 
•  Lens Based refractive solution!  
•  Best refractive technology: The Surgeon! 
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