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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 

��������	
� ��

o
nds
ow 



���������	��
���

© 2013 Kanellopoulos and Asimellis, publisher and licensee Dove Medical Press Ltd. This is an Open Access 
article which permits unrestricted noncommercial use, provided the original work is properly cited.

Clinical Ophthalmology 2013:7 343–351

Clinical Ophthalmology

���������	��
���������������������������
� 
and objective assessment of opaque bubble  
layer in femtosecond laser-assisted LASIK:  
a novel technique

A John Kanellopoulos1,2

George Asimellis1

1Laservision Eye Institute, Athens, 
Greece; 2New York University School 
of Medicine, New York, NY, USA

Correspondence: A John Kanellopoulos 
17 A Tsocha Str, Athens 11521, Greece 
Tel 30 210 747 2777 
Fax 30 210 747 2789 
Email ajk@brilliantvision.com

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 
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bubble layer and no skip line.
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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:������(���'�#����#���*���'�#��'��#��
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�������$�� $  �����+�(���	�$�#�(�������$(�&#$�+������
���(�#+����	�&�&����#��)	�������������#���*���&$(��	��

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. 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

346

Kanellopoulos and Asimellis

Clinical Ophthalmology 2013:7

Table 1�������������	���
��������������������

Flap intended diameter (mm) n
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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
����5���� Mean 1  SD 51 50.50
����5���� Mean 0.5  SD 8 7.92
����5��� 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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Table 4�����������������	
�������	�������������	

����������
intended size

Intended Achieved

Horizontal Vertical
All OD OS All OD OS

8.00
Mean 7.85 ���� 7.85 7.83 7.83 7.83
SD 0.042 0.054 0.024 0.027 0.028 0.028

Bias 0.15 0.14 0.15 0.17 0.17 0.17
8.50
Mean 8.38 8.37 8.38 8.39 8.39 8.39
SD 0.03 0.03 0.02 0.02 0.02 0.02

Bias 0.12 0.13 0.12 0.11 0.12 0.11
8.70
Bias 0.04 0.09
9.00
Bias 0.01 ����
9.5
Mean ���� ���� ���� 9.53 9.52 9.54
SD 0.00 0.00 0.00 0.04 0.03 0.04

Bias ���� ���� ���� 0.03 0.02 0.04

Abbreviation: SD, standard deviation.Figure 10 ��	������	�	����������	����������������

no OBL). The mean OBL area was 4.1 mm2, corresponding 

to just 6% of the flap area (Figure 9). The single largest OBL 

incidence had an area of 14.34 mm2, representing 20.34% of 

the total 70.52 mm2 flap area (8.5 mm diameter, Figure 10). In 

all instances of OBL, the nebulation appeared on the hinge side 

of the flap, ie, the lower part as seen from the operator’s side.

Incidence of skip lines
There were nine cases of skip lines in the 101 flaps examined. 

In most cases, there was no or very little simultaneous appear-

ance with OBL. Specifically, the percentage area of OBL on 

the flaps that demonstrated skip lines was just 1%, and most 

appeared on flaps with zero OBL.

It has been theorized that skip lines may be a result of 

increased heart rate pulsation that translates into a vibrating 

2.68%

51

5.85%

8

9.01%

OBL area to flap area ratio (%)

9

12.17%

11

15.33%

22

OBL (%)

Figure 9 Histogram of incidence of OBL.
Note:���	��� !�	��	����	��	��	��	����"���#$�%	�������
Abbreviation: OBL, opaque bubble layer.

cornea during creation of the flap or an effect of accumulating 

gas within the lamellar femtosecond laser-created separation 

that causes slight jumps in the separation sequence. However, 

the sequence of the skip lines in a lamellar cut that takes 

5 seconds would indicate a heart rate of over 150 beats per 

minute, which is clearly not the case clinically.

Our alternative explanation is that skip lines are caused 

by gas vented through the channel into the conjunctival 

area beyond the limbus (depending on channel offset and 
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High Frequency Ultrasound comparison of topographic central, paracentral 
and peripheral LASIK flap thickness variability, in flaps created by a 
mechanical microkeratome (M2) and two different femtosecond lasers (FS60 
and FS200). 
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Long-term bladeless LASIK outcomes with the 
FS200 Femtosecond and EX500 Excimer Laser 
workstation: the Refractive Suite
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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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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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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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spectacles or contact lenses). A significant percentage (59.5%) of 

eyes were found to have UDVA better or equal to 1.25 (decimal).

In terms of gain/loss in Snellen lines – again, compar-

ing uncorrected (UDVA) and best corrected (CDVA) – only 

2.1% (four eyes) of the 190 had a loss in Snellen lines, while 

the majority (63.90%) gained at least one line. These visual 

outcomes are very satisfactory.

The predictability of the outcome was extremely accurate. 

As shown in Figure 5, of the 190 eyes shown, one eye (0.5%) 

was marked with red, indicating overcorrection, 180 (95%) 

were marked with green, within 0.5 D, and nine (5%) were 

marked with blue, indicating undercorrection.

The stability of the outcome is evidenced by the stability 

of the SE over the course of 12 months, as shown in  
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Figure 8 Double-angle cylinder scatterplot of surgically induced astigmatism minus target induced astigmatism (3-month postop visit).
Abbreviations: Ax, axis; Cyl, cylinder; D, diopter; SD, standard deviation.
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Conclusions: 
1-cataract 
2-DSAEK 
3-PK 
4-DALK 
5-AK 
6-refractive surgery-LASIK 
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Astigmatic keratotomy 2012 
OCT guided femto-assisted AK 

A. John Kanellopoulos, MD 
Clinical Professor NYU Medical School, NY 

Director, Laservision.gr Institute, Athens, Greece 
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Laser Cataract Surgery 
1999-2 mm barrier 

•  ����	�
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	�������
•  ��	�������������������
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What is the goal of laser-assisted 
cataract surgery? 

•  To improve 
–  Refractive outcomes 
–  Safety profile 
–  Patient comfort and satisfaction 

•  How can this be accomplished? 
–  More precise and accurate capsulotomy 
–  More precise and accurate cataract incision 
–  More efficient lens disruption and removal 
–  More precise and accurate relaxing incisions 

�!�
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Surgical Systems 

Optimedica Catalys™ 

Technolas Victus™ 
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Surgical Systems 

LenSx® LensAR™ 
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Laser Refractive Cataract 
Surgery - Arc Incisions 

•  Fully Customizable and 
adjustable 

•  Refractive incisions are no 
long an art form.  They are a 
science. 

•  Place  Desired Incisions: 
– EXACT Size 
– EXACT Place 
– EXACT Depth 
– Every Time 

LenSx Femtosecond Laser 
�$�
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Purpose 
•  Arcuate Incisions  

with the LenSx® Laser 
•  Development of a nomogram for laser 

created arcuate incisions based previous 
experience with manual LRI nomogram 
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Vertical bars denote 0.95 confidence intervals
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Vertical bars denote 0.95 confidence intervals

Toric Non-toric

Lens Type

-1.75

-1.50

-1.25

-1.00

-0.75

-0.50

-0.25

0.00

R
ef

ra
ct

iv
e 

A
st

ig
m

at
is

m
 (D

)
 Ocular sealant
 Stromal hydration



���������	��
���

Contralateral 
 eye 

2.8mm main 
incision 
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LenSx 

Manual 
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LenSx incisions 
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Femto PK 
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PK 

DALK 
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Introduction: 
�  High corneal astigmatism is one of the main events 

that may compromise a patient’s visual outcome and 
rehabilitation after an otherwise successful corneal 
transplantation. 

�  Classically, high astigmatism not amenable to 
spectacles and contact lens was treated with one or 
a combination of  steep-axis manual corneal 
incisions, flat-axis compression sutures, wedge 
resections, repeat keratoplasty and excimer laser-
based photorefractive procedures.   

�  Femtosecond laser-assisted astigmatic keratotomy 
has shown efficacy in treating naturally occurring 
astigmatism along with the treatment of post 
penetrating keratoplasty astigmatism in small case 
studies utilizing older systems. 

%"�Kanellopoulos, MD 
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Methods 

�  Using the femtosecond laser under topical 
anesthesia the pair of arcuate incisions were 
performed at a diameter of 6.5mm within the 
corneal graft at a 85% depth measured by 
intraoperative OCT (incorporated in the laser 
system). 

�  We evaluated the effectiveness of the laser in 
reducing the corneal astigmatism and improving 
the visual acuity.  

�  Adverse events of the treatment were recorded. 
�  Follow up visits were at post-op day#1, week#1, 

and month#1. 

Kanellopoulos, MD 
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The “art” of  manual AK 
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AK nomogram (Yoo) 
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Laser Refractive Cataract Surgery - Arc 
Incisions 

•  Fully Customizable and adjustable 
•  Refractive incisions are no long an 

art form.  They are a science. 
•  Place  Desired Incisions: 

– EXACT Size 
– EXACT Place 
– EXACT Depth 

LenSx Femtosecond Laser 
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Starting Laser Nomogram 
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Method 

•  38 patients 
•  9mm optical zone arcuate incision at 85% 

corneal depth 
•   All incisions created with the LensX laser 
•  Following IOL placement, WaveTec ORA 

Intraoperative Aberrometry was used to 
selectively open the laser incisions to refine 
astigmatism magnitude 
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Pre-Op Cylinder 

 (�

'%(�

!'(�

"$(�

#$(�
$%(�

$"(� �&&(�

&(�

%&(�

�&(�

!&(�

#&(�

�&&(�

)&* � )&*" � )�� )�*% � )�* � )�*" � )%� )%*% �

Mean: 1.11 ± 0.41 D 

N= 38 



���������	��
���

Pre Op Cyl vs. One Month Post Op 

&�

&*% �

&* �

&*" �

��

�*% �

�* �

�*" �

%�

%*% �

%* �

&� %&� �&� !&� #&� �&&� �%&� ��&� �!&� �#&� %&&�

'7
���

��
��+
�.
�

!����+���.��

+������,��

������-��,��

Pre Op Mean: 1.11 ± 0.41 D Post Op Mean: 0.33 ± 0.23 D 

N= 38 



���������	��
���

 
 

Femtosecond Laser  
Astigmatic Keratotomies 

•  Femtosecond laser-assisted arcuate incisions are 
a novel technique that provides the precision of  
image-guided laser technology 

•  The use of  a femtosecond laser system will 
provide faster, safer, easier, customizable, 
adjustable, and fully repeatable astigmatic 
incisions. 
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Rotating on 6o clock mark 
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Adjusting thickness/depth 
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AK in DSAEK 
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Before and after “opening” with Sinskey 
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7mm OZ 60 degrees X 2 
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Before after LenSx AK 
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 Precision:LenSx AK 
axis 
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Conclusions 
�  LenSx AK a superior tool in customised 

correction of cylinder 
�  The incisions have proven fast, 

reproducible, customizable, adjustable, 
precise, and safe in our patient group 
with improvements in corneal 
astigmatism and visual acuity that is 
maintained several  months out.  

�  develop a precise nomogram  
and predictable algorithm for  
optimal surgical outcomes 
•  Next step is 90% depth and  
leave surface uncut-adjustable.  
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