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Purpose: To report the outcomes of laser in situ keratomileusis (LASIK) in patients with 
previous microkeratome LASIK using a femtosecond laser platform to create a de novo flap.
Methods: The charts of 17 patients that underwent femtosecond-assisted LASIK with de 
novo flap creation for consecutive refractive error following previous microkeratome LASIK 
were retrospectively reviewed at a single private practice institution. The baseline character-
istics, intraoperative findings and postoperative outcomes were analyzed.
Results: All 17 eyes underwent femtosecond-assisted LASIK with de novo flap creation 
without significant intraoperative or postoperative complications. Uncorrected visual acuity 
improved postoperatively (p<0.0001) and remained stable at 6 months follow-up. None of 
the subjects lost any lines of best spectacle corrected visual acuity or developed epithelial 
ingrowth during the postoperative period.
Conclusion: The femtosecond laser technique described in this report can provide a safe 
and effective method to deliver LASIK following previous microkeratome LASIK. Future 
investigations are required to further validate the findings in this study.
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Introduction
Residual and consecutive refractive error after laser in situ keratomileusis (LASIK) is 
a relatively common occurrence.1,2 The incidence of further refractive surgery has been 
reported to be as low as 0.18% but as high as 9.4%, depending upon length of follow- 
up.3–5 Under these circumstances, there are a variety of retreatment options available to 
refractive surgeons.6 Several reports have described techniques for re-lifting a previous 
LASIK flap with repeat excimer laser treatment and consecutive photorefractive kera-
tectomy (PRK).7,8 However, epithelial ingrowth has been reported to occur as low as 
2.3% and as high as 23.3% following the re-lifting of an old LASIK flap.9,10 To address 
this complication, one group of researchers attempted mechanical microkeratome cutting 
of a new flap following previous LASIK.11 However, other researchers concluded that, in 
the absence of other alternatives, old LASIK flaps should always be re-lifted (even if 10 
years old) due to safety concerns of cutting new flaps with the microkeratome in patients 
with previous LASIK.12 These conclusions were made prior to development of femto-
second lasers. Now with the advancement of femtosecond laser technology, the improved 
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flap depth precision of femtosecond lasers compared to the 
microkeratome coupled with enhanced femtosecond laser set-
tings have demonstrated success in other post-refractive sur-
gery circumstances, most recently involving LASIK after 
previous radial keratotomy.13–15 Investigators have recently 
proposed a novel femtosecond laser technique in which only 
the side cut is used to assist with the re-lifting of a previous 
LASIK flap.16,17

To our knowledge, there are currently no reports of an 
effective technique for creating a new flap with the femto-
second laser in patients undergoing repeat LASIK after 
previous microkeratome LASIK. In this study, we report 
a consecutive series of post-LASIK patients that under-
went repeat LASIK with a new femtosecond-created flap 
using enhanced femtosecond laser settings on the 
Wavelight FS200 (Alcon, Fort Worth, TX, USA).

Methods
The SRS Institutional Review Board (IRB00009122) 
approved this retrospective, cases series of patients that 
received femtosecond laser-assisted LASIK using certain 
femtosecond settings from July 2015 through October 2019 
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 studies without 
patient identifying information (this study has no patient 
identifying information and is retrospective).

The operative eyes of consecutive patients that under-
went femtosecond-assisted LASIK after previous LASIK 
with new flap creation on the Wavelight FS200 femtose-
cond laser and the Wavelight EX500 excimer laser plat-
forms (Alcon, Fort Worth, TX, USA) using specific 
femtosecond laser settings were included. The demo-
graphic and preoperative data collected at baseline from 
each subject included gender, age, uncorrected visual 
acuity (UCVA), best spectacle corrected visual acuity 
(BSCVA), manifest refraction spherical equivalent, corneal 
pachymetry and the number of years elapsed since the 
subject’s previous microkeratome LASIK surgery. 
Corneal pachymetry was measured by optical coherence 
tomography (OCT) with the Cirrus HD-OCT (Carl Zeiss 
Meditec, Inc, Dublin, California, USA). Intraoperative 
details and any intraoperative or postoperative complica-
tion were recorded for each case. The UCVA, BSCVA and 
refractive measurements were collected postoperatively at 

2 (±1) weeks, 2 months (±2 weeks), and 6 (±1) months 
follow-up. The JMP 11 software from the SAS Institute 
(Cary, NC, USA) was used to calculate means and stan-
dard deviations. One-way analysis of the variance was 
used to compare means, and results were considered sta-
tistically significant at the alpha <0.05 level.

Femtosecond Laser Settings
Based upon data from previous studies, the femtosecond laser 
settings for new flap creation in all patients 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.14,15 A comparison of these settings to 
the standard manufacturer default flap settings are listed in 
Table 1.

Surgical Technique
By default, a 9.0 mm flap diameter with a 70º side cut angle 
and superior hinge was created in each case. It was determined 
that only patients in which a 9.0 mm could fit on the outside of 
the prior microkeratome flap were treated. Patients with 
microkeratome flaps greater than 8.0 mm diameters were 
excluded from the study. The flap depth varied according to 
the preoperative OCT measurements of the total central cor-
neal thickness and the OCT-identified depth of the previous 

Table 1 Modified Femtosecond LASIK Flap Settings Compared 
to the Default Manufacturer Settings on the FS200 Femtosecond 
Laser

Femtosecond 
Laser 
Parameter

Default 
Manufacturer 
Femtosecond Laser 
Flap Settings

Enhanced Post- 
LASIK 
Femtosecond Laser 
Flap Settings

Bed Cut Energy 
(µJ)

0.8 1.4

Bed Cut Spot 
Separation (µm)

8.0 6.0

Bed Cut Line 

Separation (µm)

8.0 6.0

Side Cut Energy 

(µJ)

0.8 0.8

Side Cut Spot 

Separation (µm)

5.0 5.0

Side Cut Line 

Separation (µm)

3.0 3.0
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flap for each patient. Patients in which the prior flap could not 
be identified were ineligible for flap recut and excluded from 
the study. The target flap depth was selected to be at least 130 
microns thick and no closer than 20 microns to the pre-existing 
flap, yet thinner than that required to leave at minimum 300 
microns of anticipated residual stromal bed tissue post repeat 
excimer laser photoablation. The new femtosecond flap could 
be either anterior or posterior to the old flap depending on the 
latter’s original depth. 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 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 ultrasonic pachy-
metry (KMI Surgical LTD, Downingtown, PA) immediately 
after the new flap was lifted but prior to the excimer laser 
photoablation treatment. After excimer laser photoablation 
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 17 eyes of 15 subjects that were included in 
the analysis with a mean follow-up interval of 6.3 ± 1.1 
months. A summary of the baseline characteristics and 
demographic features are presented in Table 2. There 
were no cases in which suction was either lost or could 
not be obtained, and all flaps were able to be lifted without 
complication. There were no cases in which the previous 
microkeratome LASIK flap was dislocated intraopera-
tively during surgical manipulation of the new flap. The 
mean intended flap depth for the study population was 
158.8 ± 23.2 microns with range of 130 to 190 microns 
with 9 of the flaps (52.9%) posterior to the original flap. 
UCVA significantly improved from the baseline level at 6 
months follow-up (p<0.0001). Postoperative spherical 
equivalent averaged −0.06 ± 0.20 diopters (D) and 
UCVA averaged 0.06 ± 0.08 logMAR at 6 months follow- 
up. No refractive shifts or regression >0.5 D 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 postoperative re- 

floating or re-positioning of the flap. Standard refractive 
surgery graphs are displayed in Figure 1.

Discussion
To our knowledge, this is the first case series to report 
successful use of the femtosecond laser to create a de novo 
flap in the setting of an existing microkeratome flap. The 
efficacy and predictability of this technique in terms of 
visual results shows outcomes comparable to previously 
reported studies using femtosecond LASIK in otherwise 
healthy treatment-naïve eyes without history of prior 
LASIK where >97% of all treated eyes achieve postopera-
tive spherical equivalent within 1 D of error from the 
intended target.18 Creating a new flap with the femtose-
cond laser is an important retreatment modality to have 
available because not every patient desires or is a good 
candidate for PRK, and we believe that it lessens the risk 
of epithelial ingrowth compared to re-lifting the previous 
microkeratome flap, which has been reported to occur in as 
few as 2.3% of as cases but also in up to 23.3% after flap 
re-lift.9,10 Furthermore, investigators have reported that re- 
lifting a previous microkeratome LASIK flap after more 
than 3 years is an independent risk factor for the develop-
ment of epithelial ingrowth.9 In our experience, patients 
with consecutive refractive error often present much 

Table 2 Baseline Characteristics and Demographic Features of 
the Study Population

Preoperative Characteristics and 
Demographics

Means with (Standard 
Deviations)

Age (years) 52.0 (9.8), Range = 32 to 

68

Gender 17.6% Male and 82.4% 

Female

Preoperative uncorrected visual acuity 
(logMAR)

0.48 (0.24), Range = 0.2 
to 1.0

Preoperative best spectacle corrected 
visual acuity (logMAR)

0.02 (0.06), Range = 0 to 
0.2

Preoperative Refractive Error Spherical 
Equivalent (diopters)

+0.16 (1.54), Range = 
−3.0 to +2.1

Time since Previous LASIK Surgery 
(years)

11.5 (7.0), Range = 1 to 
20

Optical Coherence Tomography- 
measured Preoperative Total Corneal 

Thickness (microns)

516.5 (35.3), Range = 452 
to 576
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Figure 1 Standard refractive surgery graphs. (A) Uncorrected distance visual acuity. (B) Change in corrected distance visual acuity. (C) Spherical equivalent attempted vs 
achieved. (D) Spherical equivalent refractive accuracy. (E) Refractive astigmatism. (F) Stability of spherical equivalent refraction.
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greater than 3 years after LASIK for additional treatment 
evaluation.

Prior to femtosecond laser technology, devastating 
complications, including necessity for flap amputation, 
may occur when cutting and attempting to lift new 
flaps.19 We caution that standard femtosecond laser flap 
settings used during LASIK leave residual stromal tissue 
bridges behind that must be manually separated when 
lifting a newly created flap. We believe that the modified 
femtosecond 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 surgery. 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.14,15 The authors still caution that all eyes with 
an existing flap are still at increased risk for serious com-
plication regardless of femtosecond laser settings and that 
extreme caution and gentle stromal dissection must always 
be used in this scenario.

In our practice, we occasionally encounter patients that 
have had large previous myopic ablations with microkera-
tome flap depths measured on OCT of up to 180 microns 
thick or more. These patients may not have enough residual 
stroma to safely re-lift the old flap and have further photo-
ablation. Rather than being limited to PRK as the only 
retreatment option, the technique described in this report 
allows for retreatment with LASIK by cutting a new, much 
thinner flap. We believe that OCT technology combined 
with precise and well-planned femtosecond laser flap depths 
reduce the risk of treating too deep with ensuing ectasia.

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-assisted LASIK technique described in this study in 
subjects with previous microkeratome LASIK and ulti-
mately compare the outcomes to other retreatment modal-
ities such as previous flap re-lifting and 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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