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elliptical thin-flap LASIK using a
low-pulse energy femtosecond
laser
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This study assessed the clinical safety and efficacy of elliptical thin-flap LASIK with a low—pulse

energy femtosecond laser in 3 thickness subgroups (85, 90, and 100 pm). A total of 80 patients who
underwent bilateral LASIK surgery at Taiwan between April and September 2019 were retrospectively
enrolled. Elliptical corneal flaps with wide temporal hinges and inverted-angled side cuts were created.
Target flap thickness was calculated on the basis of residual stromal bed thickness and percent

tissue altered. Before flap creation, an optical coherence tomography image for visualization of the
precut flap position was obtained with the built-in camera. At postoperative month 1, the overall
mean logMAR uncorrected distance visual acuity (UDVA) was — 0.04 4+ 0.07 (20/18 Snellen), with 96%
of eyes achieving UDVA of 20/20 or better. Postoperative mean manifest spherical equivalent was
—0.37 + 0.42 D at 1 month. The visual and refractive outcomes in each of the 3 subgroups were similar.
The achieved flap thicknesses were found to be highly predictable and consistent in the respective
thickness subgroups. Optical coherence tomography-guided thin-flap LASIK performed with the
low-pulse energy femtosecond laser was found to be safe with no intraoperative or postoperative
complications.

Laser in situ keratomileusis (LASIK), one of the most commonly and successfully performed refractive
procedures, is known for being a safe procedure that allows for consistently good visual outcomes and rapid
vision recovery'~>. Flap creation is an important step during the first phase of the procedure for the correction
of ametropia because flap thickness varies depending on the technique and device used*. Traditionally, flaps
range in thickness between 100 and 160 pum>S. The use of femtosecond instead of microkeratome lasers for
flap creation has become more common in recent years”$. Femtosecond lasers are safe and allow for precise
and consistent flap creation®”?. This is important because the flap thickness has a direct influence on residual
stromal bed thickness (RSBT), consequently affecting the safety of the procedure’. latrogenic ectasia is the most
feared complication encountered after LASIK. Insufficient RSBT is a major risk factor for post-LASIK ectasia'®.
Therefore, surgical practice has further transitioned from the conventional creation of thick flaps to the creation
of thin flaps to preserve RSBT and reduce the risk of ectasia. However, thin flaps are a risk factor for several
complications, such as buttonhole, flap striae, epithelial ingrowth, irregular astigmatism, and flap tear®11-14,
Given the advantage thin flaps offer in preserving RSBT, strategies that enable the safe creation of thin flaps
should be identified.

A literature review revealed that preserving flap integrity reduces the risk of flap striae!®. Elliptical flaps with a
wide hinge angle and inverted side-cut angle have been associated with improved biomechanical performance and
flap integrity'®~"°. Flaps created with femtosecond lasers have planar morphologies that improve adhesion to the
underlying stromata'>2°. In addition, femtosecond lasers that use low pulse energy minimize cavitation bubbles,
which in turn reduces the potential for opaque bubble layer and other gas bubble-related complications?!.

The cutting process of the FEMTO LDV Z8 femtosecond laser (Ziemer Group AG, Switzerland) follows a
specific sequence. First, venting channels are created (optional selection). Second, the stromal cut is made, and
last, the side cut is made. The FEMTO LDV Z8 laser has high numerical aperture optics. Its strongly focused
beam irradiates the cornea with very small overlapping spots (<2 pum in diameter), and it uses low pulse energy
(in the nJ range)?%. The overlapping spots create a smooth cleavage plane, and this reduces the possibility of
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tissue bridges across the interface, thereby facilitating easy flap lifting?’. Since the duration of laser pulses is
in the femtosecond range, the process of photodisruption is induced at the beam focus. Plasma generated at
the focus causes immediate evaporation of the tissue. Spatially overlapping plasma regions of subsequent laser
pulses gently and efficiently separate the tissue without the need for mechanical effects like tearing of tissue by
cavitation bubbles?*’. Gas generation during cutting is minimized due to the use of low pulse energy, and an
optimized cutting sequence further reduces the risk of opaque bubble layer complications. The thickness of a flap
created by the FEMTO LDV Z8 laser can be controlled precisely®.

In the present retrospective study, the low-pulse-energy FEMTO LDV Z8 femtosecond laser was used
to create elliptical flaps of different thicknesses ranging from 80 to 100 um with a wide temporal hinge and
inverted-angle side cut. The purpose of this study was to evaluate the visual outcomes of LASIK using different
flap thicknesses (80-100 um) created with the same laser and to describe any complications.

Methods

This retrospective study included the anonymized data of 80 myopic patients (160 eyes) who underwent bilateral
LASIK at the Universal Eye Center in Zhongli, Taiwan, between April and September 2019 and who completed
the 1-month follow-up visit. By including consecutive eyes that met the inclusion criteria, we aimed to minimize
selection bias and enhance the reliability of our outcomes. The study was conducted in accordance with the
tenets of the Declaration of Helsinki and its amendments, and it was approved by the Institutional Review Board
(IRB) of Antai Tian-Sheng Memorial Hospital (IRB 19-082-B). As part of routine clinical protocol, written
informed consent for LASIK was obtained from all patients. However, informed consent specific to this study
was waived by the ethics committee of the hospital, as the data were collected during normal care provision.

Eligibility criteria

The study included patients aged 19-50 years. Patients were included if they had moderate-to-high myopia
(from —3.00 to — 11.00 D), astigmatism or no astigmatism (up to — 6.00 D), stable refractive error for at least 12
months, central corneal thickness (CCT) of >480 pm, estimated RSBT of > 300 pum, and normal keratometry
and topography readings. Exclusion criteria included evidence of keratoconus or forme fruste keratoconus, high
risk of post-LASIK ectasia, prior corneal surgery or retinal disease, the presence of active ocular or systemic
pathologies that could affect corneal health, and the presence of moderate-to-severe dry eye.

Preoperative examination
All patients underwent a complete preoperative ophthalmologic examination that included assessment of
uncorrected distance visual acuity (UDVA), best-corrected distance visual acuity (CDVA), manifest and
cycloplegic refraction, slit lamp examination, Schirmer’s test, white-to-white diameter, dilated fundus evaluation,
intraocular pressure, and CCT (using a Lenstar LS900 Pentacam; Oculus Inc.). Furthermore, patients underwent
tomography screening for keratoconus (Pentacam; Oculus Inc.) and topography screening (OPD Scan III Nidek).
The target flap thickness (FT) was based on the predicted RSBT and percent tissue altered (PTA). RSBT was
calculated by subtracting the target FT and ablation depth (AD) from the CCT:

RSBT = CCT — FT — AD

The maximum AD was kept at <150 um. PTA was based on the following formula for LASIK using FT, AD, and
CCT:

PTA = (FT + AD)/ CCT

PTA values >40% indicate a risk for ectasia.
Based on the calculations of RSBT and PTA, the most suitable target FTs were 80, 85, 90, 95, and 100 pum (80
to 100 um).

Surgical technique

All procedures were performed under topical anesthesia by surgeons (H-Y Lin, and Y-J Chuang) skilled in
handling thin flaps. The FEMTO LDV Z8 laser was used to create flaps of thicknesses between 80 and 100 um.
An elliptical flap with a horizontal diameter of either 9.0-8.55 mm and a temporally positioned hinge of 0.6 mm
was created. The suction ring was centered and docked, and suction was applied. Before flap creation, an optical
coherence tomography (OCT) scan (Fig. 1) was performed as an extra safety measure to visualize the precut
flap position to ensure that the flap was placed below the Bowman layer. Suction was turned off automatically
after the flap was created. In this study, a WaveLight EX-500 (Alcon Laboratories, Inc., Fort Worth, TX, USA)
excimer laser was used to perform the refractive procedure. After ablation, the stromal bed was irrigated with
a balanced salt solution, and the elliptical flap floated back into its original position. The flap was checked for
proper adherence in the slip lamp without contact lens wearing.

Postoperative management
All patients were examined 30 min after surgery to check for correct flap positioning and the presence of interface
debris in the slit lamp again.

Postoperatively, TobraDex eye drops (Alcon) were instilled qid for 1 week. After discontinuation of TobraDex,
Flumetholon 0.02% (Fuorometholone, Santen) was prescribed for 3 weeks. A 1-2-month supply of artificial tears
was prescribed.
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Fig. 1. FEMTO LDV Z8 build in OCT image showing epithelium and cut being placed stroma layer.

Postoperative examination

Patients were examined at follow-up visits 1 day, 1 week, 2 weeks, and 1 month after the procedure. Assessments
at each visit included UDVA, CDVA, keratometry, manifest, and slit lamp examination. Flap thickness was
measured using OCT (Spectralis OCT, Heidelberg Engineering, Germany) at postoperative day 1.
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Statistical analysis

Statistical analyses were performed using SAS software (version 9.4, SAS Institute, Inc., Cary, NC, USA). Snellen’s
visual acuity was converted to the logarithm of the minimum angle of resolution (logMAR) for statistical
analysis. Subgroup analysis was performed by categorizing the patients on the basis of target flap thickness (85,
90, and 100 um). Subgroup analysis of the 80 and 95 pm subgroups was not performed due to inadequate sample
size (<2). A p value of <0.05 was considered statistically significant.

Results

This study included 160 eyes and 80 patients (53.8% male and 46.3% female). The mean (+SD) age of patients
was 31.4+6.9 years (range: 19-47 years). The mean (+SD) CCT was 556.04+31.04 pm. Subgroup analysis
was performed by categorizing the patients into 3 subgroups based on target flap thickness. Subgroup analysis
included 95 patients (85-pm subgroup), 18 patients (90-um subgroup), and 44 patients (100-pm subgroup).

Visual outcomes

Overall mean UDVA improved significantly (p <.0001) from 1.19 4 0.21 logMAR (20/310 Snellen) preoperatively
to —0.04+0.07 logMAR (20/18 Snellen) postoperatively. The mean postoperative logMAR UDVA was similar
among the 85-um (—0.04+0.07), 90-um (—0.05+0.04), and 100-pm (—0.04+0.10) subgroups. In total, 156
eyes were targeted for emmetropia. When analyzing UDVA outcomes, 4 eyes were excluded due to monovision.
At the 1-month follow-up visit, 96% of eyes achieved a UDVA of 20/20 or better (Fig. 2a). Corresponding
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Fig. 2. Uncorrected Visual Acuity (UDVA) and Corrected Visual Acuity (CDVA) at 1 month postoperative
follow up visit. (a) overall cohort, (b) 85 pm flap thickness group, (c) 90 um flap thickness group, (d) 100 pm
flap thickness group.
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results were comparable for the 3 subgroups (93%, 100%, and 100% for the 85-, 90-, and 100-pm subgroups,
respectively; Fig. 2b-d).

Postoperatively, the overall mean logMAR CDVA was —0.05+0.04 (20/20 Snellen). Similar results were
achieved for the 85- (—0.05+0.05), 90- (—0.06 +0.04), and 100-pm (— 0.06 = 0.03) subgroups. There was a gain
of 1 or more lines of CDVA in 73% of eyes, and 26% of eyes showed no change. Loss of 2 or more lines of CDVA
was observed in 0.6% of eyes (Fig. 3a). Corresponding results for the loss of 2 or more lines of CDVA were
1.1%, 0%, and 0% for the 85-, 90-, and 100-um subgroups, respectively (Fig. 3b-d). Loss of 2 or more lines was
observed in only 1 eye; this was due to diffuse superficial punctate keratitis.

Overall, the safety and efficacy indices were 1.13+0.16 and 1.15+0.12, respectively. The values for the
safety and efficacy indices were found to be consistent among the 85- (1.14+0.13, 1.12+0.15), 90- (1.15+0.09,
1.14+0.09), and 100-pm (1.18 +0.10, 1.14+0.09) subgroups.

Refractive outcomes

The scatterplot of achieved versus attempted manifest spherical equivalent at 1 month revealed an R? value of
0.9684, which indicates low scatter (Fig. 4a). Similar R? values were obtained for the 3 subgroups (Fig. 4b, c and
d). The mean manifest spherical equivalent improved from —5.41+2.10 D preoperatively to —0.37+0.42 D
postoperatively. At 1 month, 69% and 91% of eyes achieved manifest spherical equivalent within +0.50 D and
+1.00 D of target correction (Fig. 5a). The percentage of eyes within +0.50 D and +1.00 D were comparable
among the 85-, 90-, and 100-um subgroups (Fig. 5b-d).
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Fig. 3. Change in snellen lines of CDVA at 1-month postoperative follow up visit. (a) overall cohort, (b) 85 pm

flap thickness group, (c) 90 um flap thickness group, (d) 100 um flap thickness group.
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Fig. 4. Attempted versus achieved manifest refraction spherical equivalent at 1-month postoperative follow
up visit. (a) overall cohort, (b) 85 um flap thickness group, (c) 90 um flap thickness group, (d) 100 pm flap
thickness group.

Refractive astigmatism

At the 1-month follow-up visit, 75% of eyes had a residual cylinder within 0.50 D, and 99% were within 1.00 D
(Fig. 6a). The percentage of eyes with a residual cylinder within 0.50 D and 1.00 D was similar in the 85-, 90-,
and 100-pm subgroups (Fig. 6b-d).

Target and achieved flap thickness

In all 3 subgroups, the mean flap thickness achieved was close to the target flap thickness. The achieved flap
thickness was 84.60 +0.93 um for the target flap thickness of 85 pum; 89.43 +0.51 um for the target flap thickness
of 90 pum, and 99.82 +0.46 pm for the target flap thickness of 100 um.

Complications
No clinically relevant complications occurred intraoperatively or postoperatively in any of the patients.

Discussion

This retrospective study assessed the clinical safety and efficacy of thin-flap LASIK with flaps ranging in
thickness between 80 and 100 um. A low-pulse-energy femtosecond laser was used to create elliptically shaped
flaps with a temporal hinge and inverted side cut. Study results suggest that the visual and refractive outcomes
for each of the flap thickness subgroups were comparable at a 1-month follow-up visit in terms of efficacy, safety,
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Fig. 5. Percentage of eyes with postoperative manifest refraction spherical equivalent between +0.50 D and
+1.00 D at 1-month postoperative follow up visit. (a) overall cohort, (b) 85 pm flap thickness group, (c) 90 um
flap thickness group, (d) 100 um flap thickness group.

predictability, refractive accuracy, and refractive astigmatism. No intraoperative or postoperative complications,
such as opaque bubble layer, flap striae, or buttonholes, were observed.

Cumulatively, excellent efficacy (96% of eyes with a UDVA of 20/20 or better) with a good correlation between
the attempted versus achieved spherical equivalent was obtained at the 1-month follow-up visit. The results were
comparable to a previous study on thin-flap (80/90 um) LASIK'2. The efficacy and safety indices were consistent
among the 85-, 90-, and 100-pum subgroups, with overall mean efficacy and safety indices of 1.13 and 1.15,
respectively. While no loss of CDVA was observed among eyes in the 90- and 100-pm subgroups, a loss of CDVA
in 2 eyes in the 85-um subgroup (Fig. 2b) was found to be due to diffuse superficial punctate keratitis observed
1 month postoperatively. Fortunately, after dry eye management, uncorrected visual acuity was restored to 20/20
in both eyes between the 2-month and 1-year follow-up visits.

Consistency and predictability of corneal flap thickness are crucial for surgical planning and for yielding
desirable LASIK outcomes. The low-pulse-energy laser has been shown to produce thin flaps with good
depth predictability®. In a recent study presented at the 2021 European Society of Cataract and Refractive
Surgeons congress in Amsterdam, the 1-month follow-up results of 2-dimensional versus 3-dimensional flaps
of 110-um thickness created with the FEMTO LDV Z8 laser were compared. Achieved flap thicknesses were
110.67 +1.60 and 111.21 + 1.65 pm for the 2-dimensional and 3-dimensional groups, respectively, showing good
predictability®®. Likewise, in the present study, flap thickness was found to have excellent predictability. In all
subgroups, the mean achieved corneal thickness was close to the target flap thickness. We measured corneal flap
thickness using OCT on postoperative day 1. It is acknowledged that flap edema on the first day post-procedure
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Fig. 6. Percentage of eyes with postoperative refractive astigmatism between +0.50 D and +1.00 D at 1-month
postoperative follow up visit. (a) overall cohort, (b) 85 um flap thickness group, (c) 90 pm flap thickness group,
(d) 100 um flap thickness group.

may affect the accuracy of these measurements. However, as patients did not wear contact lenses and were
instructed to rest and use prescribed eye drops properly, we believe the likelihood of corneal edema was very low.

Although thin-flap LASIK can enhance patient safety in terms of preserving the residual bed, these flaps are
difficult to handle and are more easily displaced. The thinner and larger the flap is, the more it tends to shift'!.
This increases the likelihood of various postoperative complications, including the development of flap striae
and folds. In addition to flap thickness, other factors contribute to the development of flap striae and folds.
For instance, uneven alignment of the flap edge and the peripheral epithelial ring has been found to result
in flap folds. The presence of high myopia also increases the risk of flap folds owing to the tenting effect?.
Postoperative dry eye resulting from insufficient reflex blinking after surgery, use of topical anesthetic, and
cutting of the corneal nerves leaves the corneal surface dry between blinks and more vulnerable to detachment
and displacement of the flap. None of the eyes in the present study presented with flap striae. The absence of flap
striae could be attributed to flaps being meticulously repositioned, well dehydrated, and smoothened out with a
spear sponge after ablation, thereby ensuring proper flap adhesion. Patients in the present study were asked to
keep their eyes closed during the early postoperative period. The combination of the oval flap, temporal hinge,
and inverted side cut may have contributed to nearly absence of microstriae'>!®. Likewise, the increased flap
adherence due to the creation of planar flaps might have reduced the risk of epithelial ingrowth!®. In our opinion,
the ability of the FEMTO LDV Z8 laser to create cuts with high precision and predictability contributed to the
overall absence of postoperative complications.
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The results of the present study corroborate the findings of previous studies that reported no flap striae with
80-, 90-, and 100-um flap thicknesses in 3090 eyes'>!3. Another study that evaluated 103 eyes with 90-um flaps
and 27 eyes with 80-pum flaps created using a Ziemer FEMTO LDV femtosecond laser found no striae in the
80-um group but microstriae in 4 eyes (3.9%) in the 90-um group®. This suggests that factors other than flap
thickness may contribute to the development of flap striae and folds.

With thin-flap LASIK, there is an induced risk of intraoperative complications such as pseudobuttonholes.
The thinner the flap is, the closer it is to the Bowman layer. Flap buttonholes are caused by an abnormal lamellar
cut during the creation of the LASIK flap. In the present study, no buttonholes were observed intraoperatively.
This might be attributable to the high predictability of the laser and intraoperative OCT visualization of the
precut flap position enabling the creation of flaps of the target flap thicknesses. The built-in OCT camera of the
FEMTO LDV Z8 laser allows visualization of the precut flap position to ensure that it is placed correctly (below
the Bowman layer; Fig. 1). In addition, the flat applanation interface might have contributed to a lower rate of
intraoperative complications.

High-pulse-energy femtosecond lasers induce an inflammatory response along the interface and flap margin
with the potential to cause diffuse lamellar keratitis (DLK)"’. In thin flaps, DLK may increase the risk of flap
perforation and necrosis. There were no cases of DLK in the present study, possibly because the FEMTO LDV
Z8 laser uses low pulse energy; thus, it can lower an inflammatory response?’. In a previous study, DLK was more
prevalent in procedures that used a high-pulse-energy laser than in those that used a low-pulse-energy laser.

Pulse rates and laser energy are key factors for creating the corneal flap in femtosecond LASIK. The
femtosecond laser creates microplasma at the dissection plane that induces separation. High-pulse-energy
femtosecond lasers may produce excessive gas bubbles, which can migrate from the pocket to the deep corneal
tissue, prevent pupil tracking, and interfere with excimer laser ablation?®. Low-pulse-energy femtosecond lasers
minimize gas bubbles, thereby reducing the incidence of gas bubble-related complications.

In the present study, elliptical flaps were created with the FEMTO LDV Z8 laser, which provides the additional
advantage of improved gas dissipation. As the horizontal diameter of an elliptical flap is larger than its vertical
diameter, the lamellar pocket space is located more peripherally than that of a circular flap, which allows for
easier intraoperative release of gas'”. Due to the low energy and creation of the venting channels associated with
the FEMTO LDV Z8 laser, cuts were safely performed between depths of 85 and 100 pum minimize the risk of
air penetration to the anterior chamber. The absence of gas-related complications in any of the subgroups in the
present study may be attributed to the combination of a low-pulse-energy laser, venting channels, wider hinge
angles, and the elliptical nature of the flap.

Furthermore, the inverted side cuts were wider at the base than at the epithelial surface. In an inverted side
cut, the beveled edge of the flap is tucked under the lip of the peripheral stroma, thereby decreasing the possibility
of postsurgical flap displacement?. Corneal biomechanical properties are less affected by inverted side-cut angle
flaps®®. Additionally, inverted side-cut flaps allow for better wound healing and improved apposition of severed
nerves!'®3L,

The biomechanical effect of flap creation on the residual stroma plays a critical role in the occurrence of
unwanted complications such as ectasia®?=*, A sufficient RSBT after flap creation and excimer laser ablation
reduce the likelihood of corneal ectasia®. Due to the organization of the collagen lamellae, the anterior cornea
is stronger than the posterior cornea, and in some situations, parts of the anterior third of the cornea can be
preserved with a thinner flap, thereby retaining better biomechanics!>**%”. Moreover, thin flaps preserve more
residual stroma, which allows for the treatment of more severe myopia38. Mathematical and theoretical models
with higher RSBT have demonstrated favorable biomechanical changes in the underlying residual stroma,
explaining the decreased risk of post-LASIK ectasia when the RSBT is higher?*-3%3¢-3,

In the present study, patients with a mean preoperative CCT of 556.04 +31.04 um (range: 486.0-612.0 pm)
underwent thin-flap LASIK. LASIK flaps with thicknesses ranging between 80 and 100 pm resulted in good
visual and refractive outcomes with no clinically relevant intraoperative or postoperative complications. This
suggests that thin flaps can be considered even in eyes with higher pachymetry or in those requiring low amounts
of ablation.

Our results demonstrate the clinical safety and efficacy of using low-pulse energy femtosecond lasers for
creating elliptical thin-flaps in LASIK procedures. These findings build upon the earlier work by Cobo-Soriano
et al. (2005), who analyzed thin-flap LASIK using mechanical microkeratomes. By employing femtosecond
laser technology, we observed improved flap precision and consistency, which may contribute to better visual
outcomes and reduced complications.

Limitations of this study include the retrospective nature of the study design and the short follow-up period
(1 month), future studies. In addition, the subgroup sample sizes were not equally distributed. Future prospective
studies will aim to include follow-up periods of at least 3 months to capture long-term outcomes and ensure
comprehensive assessment of the refractive stability and safety, and compare these results with those from other
thin flap (round) creation methods would be beneficial for more reliable findings.

Conclusion

In this study, an assessment of the clinical safety and efficacy of thin-flap OCT-guided LASIK using the low-
pulse-energy FEMTO LDV Z8 femtosecond laser yielded promising results. Visual and refractive outcomes were
comparable among the flap thickness subgroups, with flap thicknesses ranging from 85 to 100 um. The achieved
flap thicknesses were found to be highly predictable and consistent in all subgroups. Therefore, in the hands of
an experienced surgeon, excellent safety, predictability, and efficacy in terms of visual outcomes with elliptical-
shaped flaps are likely to be achieved.
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