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Comparison of the efficiency of femtoLASIK and ReLEx SMILE
in terms of dioptric error reduction

Zuzana Pavkova, Jana Kacerovska, Martin Kacerovsky

Background and Aims. Refractive eye surgery is a rapidly expanding field of ophthalmology and corneal surgery is
undergoing constant development leading to less invasive technologies. The goal of this study was to compare the
most common femtoLASIK surgery with the newer ReLEx SMILE surgery which is gentler to the cornea. The comparison
was made in terms of dioptric error reduction.

Methods. The studied cohort of patients consisted of two major groups: 30 patients who underwent femtoLASIK
surgery and 30 who underwent ReLEx SMILE surgery. -30 patients, 60 eyes. All patients were aged 18-45 years with
moderate myopia or astigmatism ranging from -3.25 to -6.0 spherical diopters and from 0 to -1.0 cylindrical diopters. In
all, the best corrected visual acuity measured prior to surgery was 1.0. Pachymetry was not comparable because each
surgical method was performed at a different time point and the introduction of an innovative method into practice
led to a change in selection criteria.

Results. During postsurgical check-ups, the ReLEx SMILE method (0.74) led to lower values of non-corrected visual acu-
ity compared to the femtoLASIK method (0.88), (P<0.001). However, the results changed at the one-year post-surgery
check-up, when ReLEX SMILE patients achieved non-corrected visual acuity of 0.97 compared to femtoLASIK patients,
who scored 0.83, (P=0.007). Based on data analysis from the automatic refractometer, the average spherical diopters
of the femtoLASIK (-0.32 D) were higher than those of the ReLEx SMILE (-0.07 D), (P<0.001). The results for the cylindri-
cal diopters were also significant, (P=0.021). When we compared the spherical equivalent one year after surgery, the
difference between methods was significant. The FemtoLASIK method resulted in an average SE -0.55 D compared to
-0.09 D for the ReLEx SMILE method, (P<0.001).

Conclusion. This study showed that there was a significant difference in results between the two surgical methods of
treatment of moderate myopia and astigmatism, in terms of regression of dioptric error, as well as in achievement and
maintenance of visual acuity during the observed period. The ReLEx SMILE had better results.
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INTRODUCTION SMILE surgery or implant phakic intraocular lenses for
patients with thinner corneas.
Refractive eye surgery is a rapidly expanding field in The goal of this study is to compare the efficiency of

ophthalmology. Corneal surgery is undergoing constant  the two laser methods, femtoLASIK and ReLEx SMILE,
development, leading to less invasive technologies which  in patients suffering from moderate myopia and astig-
give more stable results. Corneal refractive surgeries cor- matism, focusing on the regression of dioptric error one
rect the dioptric error by altering the curvature of the cor-  year after surgery. In this study, we compare results of the
nea. The major difference between the two methods is the  surgery using femtoLASIK, currently the most common
depth at which we perform the surgery and consequently method, and ReLEx SMILE representing an innovative
the structures which are affected for a short or longer = method which is gentler to the corneal structure.
period of time post-surgery. Another difference between
the two methods is the manner in which the corneal tissue  Principle of dioptric error regression
is removed during surgery. Decrease in visual acuity caused by decline in dioptric
The ReLEx SMILE method is used to treat refractive  error after corneal surgery generally requires additional
errors ranging from -0.75 to -10.00 spherical diopters and  surgery. Therefore, it is advisable to inform the patient
-5.0 cylindrical diopters. FemtoL ASIK is used to treat hy- about the possibility of additional surgeries before per-
peropia, myopia and astigmatism based on a safe residual ~ forming the primary surgery. The results of additional
corneal stroma thickness (RST) value. The pachymetry  surgeries are more difficult to predict than in the case
value is no longer a conclusive parameter, because it is  of primary surgery. Patients frequently expect more than
not advisable to perform femtoLASIK surgery on thin- what the surgery may realistically offer.
ner corneas. However, it is possible to consider ReLEX The main cause which results in a decrease of visual
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acuity after surgery is pre-surgical refractive mistakes.
There are two possible mistakes, either overcorrection
or undercorrection of the dioptric error. The majority of
surgeons accept the fact that the worse the presurgical
visual acuity, the higher the probability of regression. The
disorder regresses more often in patients suffering from
hyperopia, higher astigmatism or high myopia. In the case
of hyperopia, the regression develops due to a change in
latent and manifest accommodation. However, the cause
for regression in high myopia is the slightly raised length
of the eye axis, rather than the change of the shape of the
cornea itself. Induced irregular astigmatism emerges most
frequently during decentration of photoablation or when
the surface layers of the cornea do not heal properly!?.

Potential mechanisms of regression after refractive
surgery include sclerosis of cell nuclei, stromal synthesis
of collagen during healing of the corneal wound, compen-
satory epithelial hyperplasia and iatrogenous keratectasia.
Necrosis of stromal cells occurs to the largest extent until
24 hours after the procedure and we observe higher num-
bers of fibroblasts, neutrophils and monocytes at the site
of injury for about 1 week after surgery. Another property
of regression is the apoptosis of keratinocytes and their
subsequent proliferation and transformation into myofi-
broblasts>*.

Regression of dioptric error after surgery of the cornea
correlates with the increasing thickness of the cornea, its
central steepness and particularly with the healing pro-
cess. The healing process is more intense in tissue which
absorbs more energy. Despite the fact that the transmis-
sion of radiation into the surrounding tissue is minimal
during femtoL ASIK surgery, considering the principle
of tissue removal, the energy level is manifold higher
than in ReLEx SMILE surgery. Therefore, stimulation
of the healing process is significantly higher*¢. A change
in corneal curvature may also occur during pregnancy
and lactation. Water metabolism changes under the in-
fluence of hormones, both in the cornea and intraocular
lens. The thickness of the cornea increases by 1 to 16 um.
The reason for such thickening is water retention and a
decrease in intraocular pressure. Significant increase in
corneal steepness and a consequent change in curvature
were observed in the second half of pregnancy. We ob-
serve change in the corneal curvature, which influences
refraction. This may lead to a temporary loss of corneal
accommodation during and after pregnancy, as well as
to accommodation insufficiency during nursing. The tis-
sue tends to return to the pre-pregnancy state after these
changes subside. Nonetheless, in a minority of patients
changes may remain’.

The width of the ablation zone may also influence the
regression of dioptric error. If the width of the ablation
zone is below 6 mm, it leads to development of the halo
phenomenon (round phosphine around lights), glare ef-
fect and a higher probability of regression due to larger
epithelial hyperplasia. The wider ablation zone includes
a larger optical zone, which leads to improved quality
of vision and offers a more stable basis for refraction®'°.

MATERIALS AND METHODS

Characteristics of the cohort

The cohort consisted of two groups. Patients who un-
derwent femtoLASIK surgery were assigned to the first
group. The second group consisted of patients who un-
derwent ReLEx SMILE. There was a comparable number
of patients in each group: 30 patients and 60 treated eyes.
All patients were between 18 and 45 years old. Patients
included in the study suffered from moderate myopia and
astigmatism ranging from -3.25 to -6.0 spherical diopters
and from O to -1.0 cylindrical diopters. Pachymetry was
not comparable, because each surgical method was per-
formed at a different time point and the introduction of
innovative methods into practice led to a change in selec-
tion criteria.

Patients under the age of 18 were excluded from the
study, because refraction tends to be less stable and the
risk of regression is higher due to the expected growth of
the eye. Patients over the age of 45 years were excluded,
because the dioptric error was not always fully corrected
due to beginning presbyopia and persisting monovision.

In the femtoLASIK group, patients were 31-43 years
old with an average age of 31.72 years. The surgeries were
performed in 2014 and 2015. Initial best corrected visu-
al acuity (BCVA) for both eyes was 1.0. In the ReLEx
SMILE group, patients were 31-43 years old, with the
average age of 32 years. Surgeries were performed in 2015
and 2016. Initial BCVA for both eyes was 1.0.

Patients underwent surgery with femtosecond laser
VisuMAX and excimer laser MEL 80. Laser surgeries
were performed by three surgeons. The first surgeries
were performed using the femtoLASIK method, because
ReLEx SMILE technology was introduced later into clini-
cal practice. Both methods have been used since 2015 for
different indications. If patients fulfilled the criteria for
both, they were given the opportunity to choose. If there
were no contraindications for either method, patients’
main consideration was the financial aspect. Selection
criteria were based on dioptric error of the patient, fulfil-
ment of indication criteria and accessibility of the surgical
method.

Major selection criteria for the right method in the
observed cohort were pachymetry and RST. FemtoLASIK
surgery was not recommended for patients who had
pachymetry of 500 um and below, and planned RST lower
than 300 pm. ReLEx SMILE was recommended for pa-
tients who had lower pachymetry (lower than 250-260
um), in order to maintain the architecture of the front
corneal stroma. The indication is to perform the surgery
in patients older than 18 years with stable refractive error,
which means that the state of the eye had not changed
in the last 6 to 12 months prior to surgery by more than
0.25-0.5D and the patient did not suffer from any other
eye pathology'"'2. It is currently possible to use ReLEx
SMILE technology to correct a refractive error from-0.75
to -10 D and to -5.0 cylindrical D. FemtoLASIK surgery
is indicated to correct hyperopia, myopia and astigmatism
based on a safe RST value'’.
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Both procedures are contraindicated for selected eye
pathologies. Anamnesis including herpetic keratosis,
unstable refractive error and acute or chronic illnesses
anywhere in the eye are contraindications for laser refrac-
tive surgery. Post-injury eye, especially with subsequent ir-
regular corneal astigmatism and ectasia, are among other
contraindications. It is also necessary to understand the
overall health status of the patient which may negatively
affect the healing process.

Surgery is also contraindicated during pregnancy and
6 months of lactation, because the hormonal imbalance
may lead to changes in water metabolism. We may observe
temporary changes in refraction during this period!*.

Presurgical examination of patient

Patients must undergo eye examination during ad-
mission before each surgery. It is recommended that pa-
tients not wear contact lenses for at least 3 days before
the examination and the surgery itself. During the exami-
nation, we measure objective refraction values and intra-
ocular pressure on an automatic keratorefractotonometer.
Furthermore, we use data including pachymetry from a
Pentacam corneal topograph. We watch for potential
higher-order aberration, using wavefront analysis, pupil
width, shape and number of corneal endothelial cells
under the endothelial microscope. The findings on the
eye background are documented, using a nonmydriatic
fundus camera. After the initial examination, we deter-
mine subjective refraction, using Snellen’s optotypes on
the LCD display. We perform the basic ophthalmogical
examination of the front and rear eye segment, examina-
tion of motility and eye position and, in indicated cases,
elementary control of binocular function and strabismus.
If needed, we examine the periphery of fundus in artificial
mydriasis and measure cycloplegic refraction. We perform
Schirmer’s test to establish the quantity of tear film. At
the end of the initial examination, the patient is informed
about the suggested surgical method, surgical procedure,
possible complications and postsurgical regime!>15,

Surgeries were performed by the standard procedure.

Statistical analysis

To compare the surgical methods, we assumed a nor-
mal distribution of variables. However, there were two
measurements for each patient (left and right eye). Age
was another factor. These reasons led us to use analysis
of variance, repeated measures. To compare the effect of
time, we used a repeated measures ANOVA one day, one
week, one month and one year post-surgery. We used the
SPSS program, version 22. and MS Excel 2010 to analyse
the data and graphs.

RESULTS

Data analysis

The average value of spherical diopters was -4.64 D
+0.62 (-3.25 to -5.75), the average value of cylindrical
diopters was -0.39 D + 0.25 (-1.0 to 0) and the average
spherical equivalent was -4.83 D + 0.81 (-3.5 t0 -6.0) in
the femtoL ASIK group. Patients had their eye medical
findings within the norm. The uncorrected visual acuity
(UCVA) was checked during subsequent controls. The
average visus on the first day was 0.88, 0.88 after one
week, 0.86 after one month and 0.83 after one year. The
findings were evaluated on an automatic refractometer
one year post-surgery, taking into account the possible
improvement of visual acuity. The average value measured
for spherical diopters was -0.32 D = 0.38 (-1.75 to +1.0),
for cylindrical diopters -0.47 D = 0.24 (-2.5 to + 0.5) and
the average of spherical equivalent was -0.55 D + 0.40
(-2.25to + 0.63).

In the ReLEx SMILE group, the average value of
spherical diopters was -4.32 D + 0.78 (-3.25 to -6.0), the
average value of cylindrical diopters was -0.42 D + 0.25
(-1.0 to 0) and the average spherical equivalent was -4.52
D £ 0.60 (-3.5 to -5.88). One patient had a congenital
glaucoma before surgery, the other patients presented nor-
mal medical findings. The UCVA was observed at the
subsequent examinations. Average visus was 0.74 on the
first day, 0.84 after one week, 0.94 after one month and
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Fig. 1. Average of the presurgical and one- year postsurgical spherical equivalent of both eyes using femtoLASIK and ReLEx SMILE.
X axis: representation of individual dioptric range. Y axis: number of eyes'.
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0.97 after one year. The findings were evaluated on an
automatic refractometer one year post-surgery, taking into
account the possible improvement of visual acuity. The
average measured value of spherical diopters was -0.07 D
* 0.38 (-1.25 to +0.75), the average value of cylindrical
diopters was -0.32 D £ 0.29 (-1.0 to + 1.75) and the aver-
age value of spherical equivalent was -0.09 D £ 0.55 (-1.5
to + 0.63), (Fig. 1).

Based on the data analysis conducted at specific times
(one day, one week, one month, one year), the values
for uncorrected visual acuity were unambiguously lower
from the beginning for the ReLEx SMILE method (0.74)
than for the femtoLASIK method (0.88), (P<0.001).
Nonetheless after one year, the values changed: ReLEx
SMILE showed better uncorrected visual acuity (0.97)

than femtoLASIK (0.83), (P=0.007). The overall analysis
proved the results and the time trend (P<0.001). Analysis
proved that femtoL ASIK achieved higher values of uncor-
rected visus after surgery in the short-term perspective,
but the long-term values were higher using the ReLEx
SMILE method (Fig. 2).

Based on the data analysis from automatic refractom-
eter examination performed one year after the surgery,
we found that the average values of spherical diopters
were higher for patients who underwent femtoL ASIK sur-
gery (-0.32D) than for patients who underwent ReLEx
SMILE (-0.07D) surgery, (P<0.001). The differences for
cylindrical diopters were not as significant. The average
of cylindrical diopters was -0.47D for the femtoLASIK
group and -0.32 D for ReLEx SMILE, (P=0.021). When
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Fig. 2. The average postsurgical visus of both eyes after femtoL ASIK and ReLEx SMILE.
X axis: time horizon observation. Y axis: UCVA values?.
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we compared spherical equivalents one year after surgery,
the resulting values varied significantly, as well as the re-
sulting uncorrected visual acuity. The average SE for the
femtoLASIK group was -0.55D and -0.09 for the ReLEx
SMILE group, (P<0.001), (Fig. 3).

DISCUSSION

Patients selected for this study suffered from mild
short-sightedness and astigmatism, because we treated an
evaluable number of patients in both groups and both sur-
geries were indicated by these disorders. The selection of
patients for the individual methods was based on different
corneal thickness, different preoperative refractive values,
as shown in Figure 1, and patients’ personal preference,
which may lead to a slight bias in the results. There were
not sufficient patients with lower spherical diopters who
underwent ReLEx SMILE surgery, because the indication
for the surgery was -2.0 diopters at the time. There were
not sufficient patients with high myopia who underwent
femtoLASIK surgery, because they have a thinner cornea
and the surgery was contraindicated. There were also not
sufficient patients with high astigmatism included, be-
cause ReLEx SMILE technology is not recommended due
to a lack of iris registration and precise centration. The
size of pachymetry was not conclusive, because it is not
recommended that femtoLASIK surgery be performed
on thinner cornea, but it is possible to consider ReLEx
SMILE or implantation of a phakic intraocular lens.

Patients from the femtoL ASIK group usually reached
the maximal visual acuity on the first day after surgery
and retained the same values until the next scheduled ex-
amination. For patients’ subjective perception of the pro-
cedure, fast healing and restitution of visual acuity were
an advantage. The decrease in visual acuity one year after
surgery was explained by the partial regression of dioptric
error, which was confirmed by the measured values of ob-
jective refraction. Lower visual acuity after ReLEx SMILE
surgery is related to slower stabilisation of the tissue after
stromal lenticule extraction. The visual acuity improved
and remained stable until the next scheduled examination
one year post-surgery.

We determined that the resulting visual acuity shortly
after surgery was better in patients who underwent fem-
toLASIK surgery. However, the long-term visual acuity
was better in patients after ReLEx SMILE surgery, based
on measurements one year after surgery. The same was
true for the measured values of spherical diopters on au-
tomatic refractometer one year after surgery: the ReLEx
SMILE method led to a lower value of spherical diopters.
Measured values of cylindrical diopters were also lower
in ReLEx SMILE patients, but not as significantly. The
entire spherical equivalent one year after surgery was
also significantly lower for patients treated with ReLEx
SMILE technology.

The main advantages of the ReLEx SMILE method
compared to flap technologies are the small incision
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site, which heals faster, and the minimal ingrowth of the
epithelium which minimises patient discomfort after the
procedure. Moreover, ReLEx SMILE prevents compli-
cations related to the flap creation, such as dislocation,
microfolders, tearing or complete dissociation of the flap
due to trauma etc. (ref.'®). In addition, there is minimal in-
tervention into the innervation of the cornea and minimal
risk of dry eye syndrome development after surgery!’?2.
It is essential to maintain the biomechanical stability of
the cornea and decrease the risk of the development of
postsurgical corneal ectasia due to preserving continu-
ous frontal stroma across the cornea?*?*, ReLEx SMILE
influences the development of higher-grade aberrations,
changes in contrast sensitivity and corneal sensitivity to
a minimal extent!"!827:2%,

The economic, clinical and health benefits of using
femtosecond laser are clear. Economic benefits stem
from decreased costs since we do not use excimer laser.
However, the clinical benefits are key. Excimer laser uses
the photoablation principle and vaporisation to correct
dioptric error. ReLEx SMILE removes the lenticule
through photodisruption and subsequent extraction of
the entire structure. Ablation is dependent on hydration
of the cornea, the moisture and temperature of the sur-
rounding tissue and depth of the stroma at which it is
performed. The range of ablation is large, especially in
cases of a greater depth of ablation, which explains the
larger range during treatment of higher dioptric errors.
The principle of femtosecond laser is not dependent on
any of the previously mentioned factors, so the range of
lenticule thickness is minimal and does not depend on the
level of dioptric error?.

The peripheral treatment zone is not influenced by
excimer laser, which may induce spherical aberrations.
The majority of modern excimer lasers have systems bal-
ancing out the energetic loss, which further increase the
ablation depth. Using femtosecond laser prevents periph-
eral energetic loss and therefore eliminates the need for a
balancing action. The amount of tissue to be eliminated in
order to correct the refractive error is smaller than when
using excimer laser. The overall amount of used energy
is significantly lower when using femtosecond laser than
with excimer laser. The heat generated by fast excimer
laser has an adverse effect on the healing properties of
the cornea after femtoLASIK surgery. The ReLEx SMILE
method leads to a release of energy only during creation
of the refractive lenticule and sidecut. In contrast, femto-
LASIK surgery has manifold higher energy requirements
needed for photoablation of the entire mass of removed
stromal surface®. Last but not least, ReLEx SMILE saves
time, because it is not necessary to transport the patient
to another laser during surgery. Thanks to new software
introduced in 2014, the time of femtosecond laser use
was rapidly decreased from 36s to 28s. The shorter time
needed to perform the surgery decreases the risk of re-
moval of the eye from the suction ring in the case of the
patient moving.
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CONCLUSION

This study has proved that there is a difference be-
tween the two methods in stability and regression of di-
optric error, as well as in maintenance of resulting visual
acuity in the observed time frame. When we compared the
two methods on comparable cohorts of patients, it was
found that the femtoLASIK group reached the maximal
visual acuity faster. However, from the long-term perspec-
tive, the ReLEx SMILE method seems more convenient,
especially considering more stable visual acuity and lower
probability of regression of the dioptric error?®3!,

ReLEx SMILE ensures high precision, reproducibil-
ity and good visual acuity in the observed period of one
year after surgery. ReLEx SMILE technology represents a
great advance in corneal refractive surgery. Nonetheless,
femtoLASIK remains the method of choice for patients
with contraindications for ReLEx SMILE, especially
those with hyperopia, higher astigmatism, mild myopia
and in the case of significant occurrence of high-rate ab-
errations.
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