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Purpose: To report the outcomes of femtosecond-assisted laser in situ keratomileusis 
(LASIK) in patients with previous corneal scarring using optical coherence tomography 
(OCT) imaging to determine flap depths.
Methods: The charts of 11 eyes of 9 patients with previous off-visual axis corneal scarring 
that underwent femtosecond LASIK using OCT guidance for flap depth determination were 
retrospectively reviewed at a single private practice institution. The baseline characteristics, 
intraoperative findings and postoperative outcomes were analyzed.
Results: All 11 eyes underwent femtosecond laser flap creation and LASIK without any sig-
nificant intraoperative complications. Uncorrected visual acuity improved postoperatively 
(p<0.0001) and remained stable at 3 months follow-up. None of the subjects lost any lines of best 
spectacle corrected visual acuity or developed any flap complications during the postoperative 
period.
Conclusion: The OCT-guided femtosecond laser technique described in this report can 
provide a safe and effective method to deliver LASIK in the setting of previous corneal 
scarring. Future investigations are required to further validate the findings in this study.
Keywords: LASIK, corneal scarring, optical coherence tomography

Introduction
Modern laser in situ keratomileusis (LASIK) has become one of the safest and most 
effective refractive procedures available.1 Advancements in technology that have con-
tributed to the increased safety and efficacy of LASIK includes the use of femtosecond 
lasers for flap creation,2 development of wavefront excimer laser technology,3 and 
utilization of new imaging modalities to more effectively screen for corneal ectasia 
disorders.4,5 With corneal ulcers and trauma with corneal foreign bodies being among 
the most common reasons for eye-related emergency department visits,6 many patients 
may present for refractive surgery evaluation that have existing corneal scarring. Previous 
studies have described the benefits of phototherapeutic keratectomy for treatment of more 
advanced corneal scarring involving the central visual axis, a scenario in which LASIK 
may be contraindicated.7 Several authors have also described safe femtosecond LASIK 
techniques in the setting of previous radial keratotomy through the radial incision scars.8,9 

In the setting of peripheral corneal scarring from other causes, there still remains some 
concern about the potential for flap complication which may include flap buttonholes, 
incomplete flaps or even split flaps.10
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To our knowledge, there are currently no reports 
demonstrating an effective technique for creating 
a femtosecond laser flap in patients with underlying per-
ipheral corneal scarring. In this study, we report 
a consecutive series of patients with off visual axis corneal 
scarring that underwent femtosecond LASIK using OCT 
guidance to determine the appropriate flap depths.

Methods
The SRS Institutional Review Board (IRB00009122) 
approved this retrospective, case series of patients with cor-
neal scarring that received LASIK treatment from July 2015 
through July 2018 at a single private practice institution in 
Amarillo, TX. All components of the study adhered to the 
tenets of the Declaration of Helsinki and were performed in 
accordance with human research standards and regulations. 
Informed consent was not required according to the SRS 
Institutional Review Board guidelines on retrospective stu-
dies without patient identifying information.

The operative eyes of 9 consecutive patients with 
existing peripheral corneal scarring that underwent femto-
second LASIK using a standardized OCT guidance tech-
nique to determine flap depth on the Wavelight FS200 
femtosecond laser and the Wavelight EX500 excimer 
laser platforms (Alcon, Fort Worth, TX, USA) were 
included. The demographic and preoperative data were 
collected at baseline from each subject including gender, 
age, uncorrected visual acuity (UCVA), best spectacle 
corrected visual acuity (BSCVA), manifest refraction sphe-
rical equivalent and refractive astigmatism and corneal 
pachymetry. The corneal pachymetry was measured by 
optical coherence tomography (OCT) with the Cirrus HD- 
OCT (Carl Zeiss Meditec, Inc, Dublin, California, USA). 
Intraoperative details (including ultrasonic pachymetry of 
the stromal bed after flap retraction) and any intraoperative 
or postoperative complications were recorded for each 
case. The UCVA, BSCVA and refractive measurements 
were collected postoperatively at 3 (± 1) weeks and 3 
(± 0.5) months follow-up. The JMP 11 software from the 
SAS Institute (Cary, NC, USA) was used to calculate 
means and standard deviations. One-way analysis of the 
variance was used to compare pre- and postoperative 
means, and results were considered statistically significant 
at the alpha <0.05 level.

Patient Selection Criteria
Patients included in the study were otherwise good 
candidates for refractive surgery but had developed 

corneal scarring with stromal extension from either 
a previous corneal ulcer or a previous corneal trauma. 
The opacity could be no more than 50% depth of total 
cornea pachymetry and was restricted to maximum 
dimensions of 3×3 mm. No portion of the corneal 
scarring was located in the central 3 mm optic zone, 
but all study patients would have at least some portion 
of the scarring contained within a 9.0 mm flap dia-
meter. Exclusion criteria included the inability of the 
laser to track the pupil due to opacity. Preoperative 
BSCVA in the operative eye had to be 0.2 logMAR 
or better. None of the scars had neovascularization 
present.

OCT Measurements
Multiple high-definition corneal OCT images were used to 
determine the preoperative location, extent and depth of 
the corneal scarring. Manual electronic caliper was used to 
measure the depth of the corneal scarring at its greatest 
dimension. Signal strength of 8 or greater was required for 
the image to be used in the calculations.

Femtosecond Laser Settings
The enhanced femtosecond laser power settings used for flap 
creation in all of the study patients have been described in 
previous investigations.11 In summary, the settings were as 
follows: Bed Cut Energy = 1.4 µJ, Bed Cut Spot Separation 
= 6.0 µm, Bed Cut Line Separation = 6.0 µm, Side Cut 
Energy = 0.8 µJ, Side Cut Spot Separation = 5.0 µm and 
Side Cut Line Separation = 3.0 µm. A 9.0 mm flap diameter 
with a 70º side cut angle and superior hinge was created in 
each case. The flap depth varied according to the preopera-
tive OCT measurements of the total central corneal thick-
ness and the OCT-identified maximum depth of the corneal 
scarring. The target flap depth was selected to be exactly 20 
microns deeper than the maximum depth of scarring with 
110 microns being the minimum depth. If the target flap 
depth was calculated to leave less than 300 microns of 
anticipated central residual stromal bed tissue post-excimer 
laser photoablation, then LASIK was not offered as an 
option. Figure 1 demonstrates a case study with photos 
using this technique.

Surgical Technique
A femtosecond flap retractor (Thorlakson Z-LASIK 
Flap Lifter, Katena Products, Inc, Denville, NJ) was 
used to open the side cut at an inferior portion of the 
flap away from the hinge. After establishing an 

http://doi.org/10.2147/OPTH.S307191                                                                                                                                                                                                                                                                               

DovePress                                                                                                                                                              

Clinical Ophthalmology 2021:15 1602

Rush and Rush                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


opening into the stromal plane, the side cut dissection 
was propagated along the inferior flap margin. The 
inferior portion of the flap was then retracted and 
inverted. A Merocel (Medtronic, PLC, Minneapolis, 
MN) fiber-free sponge was used to carefully retract 
the rest of the flap toward the hinge. The stromal bed 
thickness was measured by the ultrasonic pachymetry 
device on the Wavelight EX500 immediately after the 
new flap was lifted but prior to the excimer laser 
photoablation treatment. After excimer laser photoabla-
tion treatment, the flap was repositioned with a blunt 
tipped 30-gauge cannula on syringe with Balanced Salt 
Solution (Alcon, Inc, Fort Worth, TX).

Results
There were 11 eyes of 9 subjects that were included in the 
analysis with 3-month follow-up data. A summary of the 
baseline characteristics and demographic features is pre-
sented in Table 1. All patients developed corneal scarring 
from either previous corneal ulcer (n=3) or previous trau-
matic corneal injury (n=8, five of which were related to 
embedded metallic foreign bodies that had to be removed). 
There were no cases in which suction was either lost or 
could not be obtained. All flaps were able to be lifted 
without complication or notable adhesion/resistance at 
the site of the corneal scarring. Figures 2 and 3 detail 
a case study from this series demonstrating the 

Figure 1 OCT-guided femtosecond LASIK in the setting of previous corneal scarring. (A) Pre-operative slit lamp photo of a patient with history of a traumatic corneal 
foreign body injury. The opacity was located in the mid-peripheral cornea and measured 1.5×1.5 mm. (B) One-day post-operative OCT corneal image of the same patient 
demonstrating maximum depth of the opacity at 180 microns for which the intended flap depth was aimed at 200 microns.

Table 1 OCT-Guided Femtosecond LASIK in the Setting of Previous Corneal Scarring: Baseline Characteristics and Demographic 
Features of the Study Population

Preoperative Characteristics and Demographics (n=11 Eyes) Means with (Standard Deviations)

Age (years) 42.1 (12.9), Range = 22 to 57

Gender 72.7% Male and 27.3% Female

Preoperative uncorrected visual acuity (logMAR) 0.97 (0.25), Range = 0.5 to 1.3

Preoperative best spectacle corrected visual acuity (logMAR) 0.02 (0.06), Range = 0 to 0.2

Preoperative Refractive Error Spherical Equivalent (diopters) −1.55 (3.68), Range = −7.75 to +5.625

Preoperative Refractive Astigmatism (diopters) 0.97 (0.98), Range = 0 to 3.5

Optical Coherence Tomography-measured Preoperative Total Corneal Thickness (microns) 549.0 (42.5), Range = 492 to 622

Optical Coherence Tomography-measured Preoperative Maximum Depth of Corneal Scarring (microns) 99.5 (39.5), Range = 60 to 160
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OCT-guided calculation of flap depth as well as the pre- 
and postoperative corneal topographies.

The mean intended flap depth for the study population 
was 137.3 ± 32.6 microns with range of 110 to 200 
microns. Based on intraoperative ultrasonic pachymetry 

measurements of the stromal bed after flap retraction, the 
calculated percentage error for actual femtosecond laser 
flap depth versus targeted flap depth was 4.5 ± 12.2%. 
UCVA significantly improved from the baseline level to 
the 3-month postoperative follow-up (p<0.0001). The 
postoperative outcomes are summarized in Table 2. No 
refractive shifts or regression >0.5 D spherical equivalent 
was noted over the course of follow-up, and there were no 
eyes that lost one or more lines of BSCVA at the final 
follow-up visit. There were no cases of diffuse lamellar 
keratitis or epithelial ingrowth. No patients required post-
operative re-floating or re-positioning of the flap.

Discussion
To our knowledge, this is the first case series to report 
successful use of the femtosecond laser to create a flap in 
the setting of corneal scarring. The efficacy and predict-
ability of this technique in terms of visual results shows 
outcomes comparable to previously reported studies using 

Figure 2 OCT-guided femtosecond LASIK in the setting of previous corneal 
scarring. Preoperative OCT corneal image of a 46-year-old male with inferior 
peripheral corneal scarring due to a previous contact lens-related corneal ulcer. 
Manual electronic caliper (white lines) measured the maximum depth of the corneal 
scar at 160 microns and total corneal pachymetry of 554 microns. A femtosecond 
flap depth of 180 microns was selected avoid this area of fibrosis.

Figure 3 OCT-guided femtosecond LASIK in the setting of previous corneal scarring. (A) Preoperative corneal topography of the same 46-year-old male in Figure 1 showing 
a relatively regular corneal shape, but with a small visible inferior round focus of irregularity off the visual axis (white arrow) that corresponded with the location of the 
circular corneal scarring that was seen on clinical exam. The preoperative BSCVA for this patient was 20/20. (B) Postoperative corneal topography of the same patient 
showing flatter corneal curvature after LASIK treatment with −4.00 +1.50 x095. The small round inferior focus of scarring which was contained wholly in the flap is still 
barely visible (white arrow). The postoperative UCVA was 20/15.
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femtosecond LASIK in otherwise healthy eyes without 
corneal scarring where >95% of all treated eyes achieve 
both postoperative spherical equivalent and postoperative 
astigmatism within 0.5 D from the intended refractive 
target.12 Femtosecond LASIK is an important refractive 
treatment modality to have available because not every 
patient desires or is a good candidate for PRK. While 
some investigators have successfully treated corneal scar-
ring from using topography-guided PRK,13 but there is 
literature that suggests that patients with existing corneal 
scarring have corneal stroma that may already contain 
mature myofibroblasts that could pose significant risk for 
postoperative haze formation in setting of PRK.14,15 de 
Rojas Silva et al have previously described LASIK using 
a mechanical microkeratome in the setting of previous 
herpes simplex keratitis.16 However, the eyes in this 
study had primarily epithelial disease without corneal 
stromal scarring. Also, one of the principal advantages of 
the femtosecond laser over the mechanical microkeratome 
is that more flexible and accurate flap depths can 
achieved.17 OCT imaging of the corneal scarring allows 
for the surgeon to identify the full depth of the scar18 and 
to adjust the femtosecond laser flap depth accordingly to 
a deeper location away from the scar to reduce the like-
lihood of complications such as buttonholed, incomplete 
or split flaps.19

We caution that standard femtosecond laser flap set-
tings used during LASIK leave residual stromal tissue 
bridges behind that must be manually separated when 
lifting the flap. We believe that the modified femtose-
cond laser settings used in this study allow for a safer, 
less traumatic lifting of the flap on these eyes that 
already have compromised structural integrity from 
their previous scarring. The modified femtosecond laser 
settings used in this study were originally developed in 
the setting of eyes with previous RK incisions in order to 
produce a femtosecond laser generated flap that lifted 

similarly to a mechanical microkeratome generated flap 
in that it could be lifted with minimal or no resistance.11 

More investigations will be required to determine to 
optimal femtosecond laser settings to use when creating 
flaps on corneas containing scar tissue.

Weaknesses of this study include its retrospective study 
design, the lack of a control group, the small number of 
cases, and the relatively short follow-up interval. Future 
investigations will be necessary to validate the femtose-
cond LASIK technique described in this study in subjects 
with previous corneal scarring and ultimately compare the 
outcomes to other treatment modalities such as traditional 
PRK or transepithelial PRK.

Abbreviations
OCT, optical coherence tomography; LASIK, laser in situ 
keratomileusis; BSCVA, best spectacle-corrected visual 
acuity; UCVA, uncorrected visual acuity.
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Table 2 OCT-Guided Femtosecond LASIK in the Setting of Previous Corneal Scarring: Postoperative Outcomes

Postoperative Outcomes (n=11 Eyes) Means with (Standard Deviations)
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