CORRECTION OF MYOPIA AND
MYOPIC ASTIGMATISM BY
FEMTOSECOND LASER IN SITU
KERATOMILEUSIS

SUMMARY

Aim: We analysed one-year refractive results and the incidence of complications
in patients with correction of low-to-high myopia or myopic astigmatism by
femtosecond laser in situ keratomileusis (FS-LASIK) using femtosecond laser
LenSx” (Alcon, Fort Worth, Texas, USA) a excimer laser Excimer Amaris 500
(Schwind eye-tech-solutions GmbH and Co KG, Kleinostheim, Germany).

Methods: To the retrospective study were included 171 eyes of 87 patients (38
men, 49 women) who underwent correction of myopia and myopic astigmatism
by FS-LASIK in the outpatient Department of Ophthalmology, University Hospital
in Hradec Kralové between 2013-2017. We assessed uncorrected visual acuity
(UCVA) and best corrected visual acuity (BCVA), subjective refraction, central
corneal thickness (CCT) in the thinnest point, patient’s satisfaction and the
incidence of complications in the one-year follow-up period.

Results: At the time of laser procedure the mean patient’s age was 29,26 +
6,47 years (range 18 to 46 years). In 21 eyes was corrected myopia (range -6,5
to -2,5 D sph) and in 150 eyes myopic astigmatism (range -8,75 to -0,25 D sph
and -3,0 to -0,25 D cyl). The mean preoperative UCVA 0,06 + 0,08 (range 0,02 to
0,8) got better to 1,12 + 0,17 (range 0,8 to 1,5) at the end of follow-up period.
There wasn’t statistically significant change in BCVA between preoperative and
postoperative values. Preoperative mean value of subjective refraction was -4,14
+1,43 D sph (range -8,5 to -1 D sph) and -0,57 £ 0,58 D cyl (range -3 to 0 D cyl) and
after 12 months -0,02 + 0,16 D sph (range -0,1 to 0,75 D sph) and -0,01 + 0,1 D cyl
(range -0,5 to 0,5 D cyl). The initial mean CCT was 554,76 + 30,07 um (range 485
to 660 um), after 6 months 494,06 + 34,99 um (range 421 to 594 um) and after
12 months 492,92 + 34,55 um (range 411 to 592 um). We observed peroperative
complications in 3 eyes. The suction loss of femtosecond laser occurred during flap
creation due to sudden eye movement. Postoperatively in one case we enrolled
flap pucker first postoperative day. In other case flap dislocation occurred after
abdonimal surgery under general anesthesia which was performed 3 months
after refractive procedure and we had to indicate flap reposition. The mean grade
of patient’s satisfaction was at the end of follow-up period 1,04. The most often
complaints were the sensation of dry eye (10 patients) and blurry vision during
computer working, inadequate lighting and fatique (6 pacients).

Conclusions: According to our experience correction of low-to-high myopia
or myopic astigmatism by using FS-LASIK is an effective, relatively safe and
predictable method. The basic assumption of good postoperative results
and patient’s satisfaction is thorough and comprehensive preoperative
examination with respect to indication criteria.
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preserved accommodation capacity and clear lens include

laser refractive procedures on the cornea and implantation

At present, modern refractive surgery enables correction
of the majority of ametropic conditions of the eye (from
low to high myopia, hypermetropia, including combination
with astigmatism). The surgical options for patients with
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of phakic intraocular lenses (most often a posterior intra-

ocular collamer lens — ICL — implanted into the capsule).
The oldest recorded procedure from the end of the

19th century is removal of a clear lens in the case of high
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myopia, which improved visual acuity (VA), but at the
same time was hampered by a large risk of sight-threa-
tening complications such as retinal detachment, de-
compensation of the cornea and endophthalmitis. Since
the mid 20th century, attention has shifted to refractive
procedures on the cornea with the aim of remodelling
the shape of the cornea by flattening or steepening.
This initially concerned procedures of a non-laser type,
such as autoplastic myopic keratomileusis, epikerato-
plasty and in situ keratomileusis. A period of dynamic
progress in this branch of ocular medicine began in the
1980s with the introduction of laser technology into
ophthalmological practice. An argon-fluoride excimer
laser was first used on a blind eye by Seiler in Germany
in 1985, and approved by the U.S. Food and Drug Ad-
ministration in 1995. In the following years a number
of laser methods have progressively developed, such
as photoreactive keratectomy (PRK), laser assisted su-
bepithelial keratomileusis (LASEK) and laser in situ ke-
ratomileusis (LASIK). A further advance was achieved
with the introduction of the femtosecond laser (FSL) in
the form of LASIK with the assistance of FLS (FemtolLA-
SIK), femtosecond lenticule extraction (FLEx) and small
incision lenticule extraction (SMILE). Each of the above
methods has its advantages and disadvantages. The se-
lection of a specific procedure depends on the result of
a comprehensive preoperative examination, the techni-
cal equipment and experience of the centre in question
and above all on the preference of the patient [8, 10].

Worldwide, the most widely used techniques for co-
rrection of refractive errors include the LASIK method
and also, since 2011, its modification FemtoLASIK. In the
FemtoLASIK procedure, the operating surgeon works with
two types of laser — FSL (fig. 2) and excimer laser (fig. 3).
The femtosecond laser works on the principle of molecu-
lar photodisruption. The appliance generates pulses with
a wavelength of 1028-1053 nm at short intervals of 10-
15s, on a very small area of corneal tissue (a point of a size
of up to 2 um) with minimal damage to the surrounding
structures. The result of interaction of the laser pulse and
tissue is the formation of plasma, a cloud of highly energe-
tic electrons and ionised molecules. The plasma expands
rapidly, and at a predefined depth of the corneal stroma
forms numerous cavity bubbles on one level, interlinked
by bridges of tissue (fig. 1). By mechanical disruption of the
bonds, using a metal separator, a precise corneal lamella
(flap) is created. The lamella is of a predefined thickness,
which was previously in the case of LASIK performed ma-
nually by a microkeratometer, and in the LASEK method
by alcohol. After uncovering the flap, the actual alteration
of corneal curvature is performed by excimer laser, which
functions on the principle of photoablation, or irradiation
at a wavelength of 193 nm disrupts the bonds between
the molecules, which subsequently disperse into the spa-
ce. The second phase of the procedure with the aid of
an excimer laser is identical to the previously mentioned
techniques of laser treatment of the cornea [8, 10].

The aim of the study is to evaluate refractive results
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obtained within one year and incidence of complicati-
ons in patients who underwent correction of low, me-
dium and high myopia or myopic astigmatism with the
laser procedure FemtoLASIK with the aid of FSL LenSx®
(Alcon, Fort Worth, Texas, USA) and excimer laser Exci-
mer Amaris 500 (Schwind eye-tech-solutions GmbH and
Co KG, Kleinostheim, Germany).

MATERIAL AND METHOD

The retrospective study incorporated a total of 171
eyes of 87 patients, comprising 49 women (56.3%) and
38 men (43.7%) who underwent correction of myopia
or myopic astigmatism by the FemtoLASIK laser method
at the Department of Ophthalmology of the University
Hospital in Hradec Krdlové in the period of 2013-2017.

The entrance criteria for inclusion of patients in the
cohort were minimum age of 18 years at the time of
performance of the procedure, absence of ocular
pathologies other than refractive error, absence of se-
rious general pathologies (rheumatic diseases, diabetes
mellitus) or signs of disorders of reparation mechanisms
(tendency to formation of keloid scars), exclusion of
pregnancy and lactation, residual stromal thickness of >
300 um and stability of refractive error for at least 2 ye-
ars. Patients who did not regularly attend postoperative
follow-up examinations were excluded from the cohort.

Before the procedure patients underwent a comprehen-
sive eye examination, i.e. recording of personal anamne-
sis, determination of dominant eye, Schirmer’s tear test,
Worth 4-dot test, determination of uncorrected (UCVA)
and best corrected visual acuity (BCVA) by LCD chart
(NIDEK CP-90), manifest and cycloplegic refraction (auto-
refractometer, NIDEK AR 310A), determination of value of
intraocular pressure by noncontact tonometry (NIDEK NT-
530), corneal topograhy (Pentacam, Oculus Inc.), biometry
(IOLMaster, Carl Zeiss Meditec AG), endothelometry (non-
contact endothelial microscope CEM-530, Nidek, Japan),
examination of contrast sensitivity (CSV-1000, Vectorvisi-
on) and evaluation of the ocular finding on the anterior
and posterior segment of the eye on a slit lamp.

The procedure was performed by a single operating sur-
geon (V.V.) using the standard procedure recommended by
the manufacturer under local anaesthesia. In order to crea-
te the flap an FSL LenSx® was used, which creates pulses
with energy of 15 um, with a length of duration of 600-800
10-15 s and frequency of 50 kHZ [19]. The parameters of the
flap were set as follows — thickness of flap 130 um, diameter
9 mm. The actual treatment of the corneal tissue was per-
formed by photoablation with the aid of an excimer laser
Excimer Amaris 500 on a surface with a diameter of 6.0 to
7.0 mm. The target refraction was always emmetropia.

On 168 patients, correction was performed bilaterally
on a single day, on 4 patients unilaterally (on 3 patients
due to interrupted creation of the corneal flap, and on 1
patient the procedure on the second eye was not indi-
cated). In the postoperative period, the patients applied
local antibiotics in the form of drops every 2 hours for 4
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days, and from the first postoperative day local corticos-
teroids were applied in drops, in a regime of 4x daily for
one week, followed by 3x daily for one week, 2x daily for
one week and 1x daily for one week. Regular postopera-
tive follow-up examinations took place within 30 minutes
after the procedure, then on the 1st day and 4th day after
surgery and subsequently 1, 3, 6 and 12 months after the
procedure. We observed UCVA, BCVA, subjective refracti-
on, central corneal thickness (CCT) at the thinnest point,
subjective patient satisfaction, which we evaluated on a
scale of 1 to 5 (1 — very satisfied, 5 — very dissatisfied),
and the incidence of complications during the procedure
and over an observation period of one year.

The obtained data was statistically processed using
the program SYSTAT 8.0. The significance of the diffe-
rences between the individual measurements over time
was tested with the use of a non-parametric paired Wil-
coxon signed-rank test, the majority of parameters did
not have normal distribution. The results were evalua-
ted on a level of significance of 0.05.

RESULTS

The average age at the time of performance of the pro-
cedure was 29.26 + 6.47 years (range of 18 to 46 years).

In 21 eyes (12.3 %) myopia was corrected (within the
range of -6.5 to -2.5 D sph), in 150 eyes (87.7 %) myopic
astigmatism was corrected (within the range of -8.75 to
-0.25 D sph and -3.0 to -0.25 D cyl).

The preoperative average value of UCVA (decimal va-
lues) was 0.06 + 0.08 (within the range of 0.02 to 0.8),
at the end of the observation period this improved to
1.12 + 0.17 (within the range of 0.8 to 1.5) In the case

o
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Fig. 1. Creation of corneal flap with femtosecond laser
LenSx® (Alcon, Fort Worth, Texas, USA)
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of BCVA there was no statistically significant difference
between the preoperative and final values. A comparis-
on of UCVA and BCVA before surgery and after one year
of observation is illustrated in graph 1. The initial mean
value of subjective refraction was -4.14 + 1.43 D sph
(within the range of -8.5 to -1 D sph) and -0.57 £ 0.58 D
cyl (within the range of -3 to 0 D cyl), at the last posto-
perative follow-up examination after 12 months -0.02 +
0.16 D sph (within the range of -0.1 to 0.75 D sph) and
-0.01 + 0.1 D cyl (within the range of -0.5 to 0.5 D cyl),
respectively 97.1 % of eyes acquired postoperative va-
lues of manifest spherical equivalent up to £ 0.5 D and
100% of eyes up to = 1.0 D (graph 2). In both parameters

Fig. 2. Femtosecond laser LenSx® (Alcon, Fort Worth,
Texas, USA)

Fig. 3. Excmier laser Excimer Amaris 500 (Schwind eye-

tech-solutions GmbH and Co KG, Kleinostheim, Germany)
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there was a statistically significant improvement upon a
comparison of the initial and final values. In no case was
there a hypermetropic shift above +0.5 D.

The mean CCT value before the procedure was 554.76
+ 30.07 um (within the range of 485 to 660 um), after 6
months 494.06 + 34.99 um (within the range of 421 to 594
pum) and one year after the procedure 492.92 + 34.55 um
(within the range of 411 to 592 um). Upon a comparison of
the preoperative and first postoperative values we recorded
a significant decrease. During the course of the observation
period there was no statistically significant change of CCT
(graph 3). We recorded a reduction below 450 um in 21 eyes
(12.3 %) of 12 patients (average value 435.95 + 8.53 um).

We observed perioperative complications in 3 eyes. In all
cases it concerned an interruption of the procedure due to
loss of suction of the FSL during the creation of the corneal
flap, due to sudden eye movement. Postoperatively a slight
puckering of the flap occurred in one eye, and in one case di-
slocation of the flap in a patient following an abdominal ope-
ration under general anaesthesia 3 months after laser surge-
ry. In this case repositioning of the flap was indicated due to
deterioration of VA. The subsequent occurrence of fibrosis at
the edge of the flap had no influence on the final VA.

The average score of patient satisfaction at the end of
the observation period was 1.04. Of the subjective com-
plaints, patients most frequently stated a feeling of dry
eyes, with an improvement following the application of
artificial tears (10 patients, i.e. 11.5%) and blurred vision
during work on a computer, under dim lighting or during
greater fatigue (6 patients, i.e. 6.9%).

DISCUSSION

The visual system is the most important sensory appa-
ratus of all for humans, providing us with as much as

80% of the information we receive about our external
environment. The lifestyle of modern advanced socie-
ty in the last few decades has placed great demands on
the individual in several respects, including good visual
functions. Thus, poor quality visual perception may be a
substantially limiting factor both in regular daily activi-
ties and in leisure pursuits. Refractive errors rank among
the most common ocular pathologies with a detrimental
effect on VA. A meta-analysis conducted by Hashemi et
al. [6] from 2017 evaluated the incidence of individual
refractive errors by means of an analysis of 163 articles
from various geographical regions of the world. The con-
clusions of the study point to the fact that the percentage
distribution of the individual types is not the same in the
individual regions, similarly as between different ethnic
groups of the population. A high prevalence of myopia
occurs in the industrialised regions of East Asia. There is
a certain controversy surrounding hypermetropia. Some
studies point to a higher incidence in Europe and the
advanced countries of the world, but the studies incor-
porated a group of older patients in whom the refractive
condition may have been influenced by age-conditioned
changes to the structure of the ocular lens. In Europe the
prevalence of myopia was determined at 14.2 % (range
10.5 to 18.2 %) and astigmatism at 12.9 % (range 4.1 to
21.8 %) in children and 27 % (range 22.4 to 31.6 %) and
astigmatism at 39.7 % (range 34.5 to 44.9 %) in adults.
The study points to a linear increase in the incidence of
short sightedness in the last 30 years, and above all in
the countries of South East Asia it is becoming a signifi-
cant problem of epidemic proportions. The authors state
as the possible cause an increase in lifestyle changes in
the last century, or a increase of long-term close-up work
due to the technological progress of Western society in
connection with a shortening of time spent doing outsi-
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Graph 1. Average values of uncorrected and best corrected visual acuity
before surgery and during the course of the postoperative follow-up exami-
nations. Statistically significant improvement of uncorrected visual acuity
from the first postoperative follow-up one day after surgery. Best corrected
visual acuity without statistically significant difference during the course of

observation
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de activities. The European Eye Epidemiology study from
2015 states a prevalence of myopia in persons aged 25-
29 years as follows: low myopia (< -0.75D to > -3D) 26.5
% (21.8 to 31.2 %), medium myopia (< -3D to > -6) 14.1
% (5.1 to 23.2 %), high myopia (< -6D) 5.3 % (2.9 to 7.7
%) [5, 6, 19].

The aim of our study was to evaluate the refracti-
ve results and incidence of complications in patients
following correction of low to high myopia or myopic
astigmatism using the FemtoLASIK laser method in one
year observation. At our centre, for patients with pre-
served accommodation capacity we prefer adjustment
of the refractive condition of the eye by laser procedure
on the cornea, with targeted emmetropisation. Accor-
ding to the character of the refractive error, preopera-
tively determined anatomical ratios of the eye and pa-
tient’s preference, we choose either the surface laser
method PRK, transPRK or the flap method FemtoLASIK.

The refractive postoperative results for the Femto-
LASIK method are excellent [3, 9, 13-15, 18], and our
results are in accordance with the previously published
studies. On the first day after the procedure, UCVA and
the value of subjective refraction were significantly
improved, and in the further observation period they
remained stable. Like every surgical procedure, Femto-
LASIK also has its potential risks of perioperative or po-
stoperative complications. In the literature the periope-
rative complications stated are for example formation of
a total flap (i.e. loss of link between flap and remaining
cornea), perforation of flap or cornea, haemorrhage du-
ring operation, decentration of zone of photoablation,
while postoperative complications include decrease of
corneal sensitivity and development of dry eye syndro-
me, corneal haze, striae of flap, growth of epithelium
beneath flap, sterile infiltrates, and diffuse lamellar or
infectious keratitis [1, 3, 4, 7, 12]. A part of these com-
plications occurs in both classic LASIK, and in more mo-

dern FemtoLASIK. Some complications are specific only
to FemtolLASIK, e.g. presence of an opaque layer of gas
on the superficial layers of the stroma (0.6 — 2.36%), air
bubbles beneath the conjunctiva (2%) or anterior cham-
ber (1.18%) [3, 11, 14, 15]. The summary incidence of
complications in the FemtoLASIK procedure is published
within the range of 3.5 — 5% [11, 14, 15]. In our cohort
we recorded perioperative complications in three eyes
(loss of suction of FS laser upon sudden, sharp eye mo-
vement). The procedure was discontinued in all cases,
and a decision was taken on the further solution after
a time interval. In one case the patient did not wish to
undergo reoperation and the resulting anisometropia
was corrected by wearing a soft contact lens (CL), with
which the patient was satisfied. In another two situa-
tions (interruption of creation of flap in approx. 2/3 of
the surface and final side-cut) we performed reopera-
tion after pacification of the ocular finding — in a pati-
ent in whom the refractive condition of the eye enabled
the performance of a superficial procedure we used the
transPRK method, and in the second patient the Femto-
LASIK method was used again. In both cases, the final
VA was 1.0. A slight puckering of the flap occurred po-
stoperatively in one eye on the first postoperative day,
which was adjusted after the application of a soft CL,
and dislocation of the flap occurred in a patient at a fo-
llow-up examination after 3 months following an abdo-
minal operation performed under general anaesthesia,
as a result of which it was necessary to perform repo-
sitioning of the flap to restore the VA. The subsequent
occurrence of fibrosis at the edge of the flap had no in-
fluence on the final VA.

The incidence of serious perioperative and postope-
rative complications leading to a deterioration of VA is
decreasing with the length of use of the method. Accor-
ding to the study by Pokroy et al., over time the inciden-
ce of reLASIK (enhancement) is also being reduced as
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Graph 2. Mean values of subjective refraction before surgery and during
the course of the postoperative follow-up examinations. Statistically sig-
nificant improvement from the first postoperative follow-up examinati-
on one day after surgery and stable results postoperatively
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follows - 2000 16 %, 2003 10.5 %, 2009 6.3 %, 2010 3.8
% and 2012-14 0.38 %. The risk factors include higher
degrees of hypermetropia and astigmatism, corneal
steepness and age of patients (over 50 years), whereas
a preventive factor is a smaller diameter of the ablati-
on zone (7.0 mm) [16]. The decreasing trend has been
enabled above all by technological advance and years
of experienced gained with this method, and indication
criteria adjusted on this basis. Modern corneal topogra-
phs are also capable of detecting forme fruste corneal
pathologies preoperatively, and thus of contraindica-
ting a laser procedure. This above all concerns ectatic
pathologies such as keratokonus, which pronouncedly
increases the risk of occurrence of one of the most fe-
ared complications — postoperative corneal ectasia. In
our cohort the value of CCT at the thinnest point was
significantly reduced only in a comparison of the peri-
operative and first postoperative values. Subsequently
there was no statistically significant change, not only of
the mean CCT value in the cohort, but also of the va-
lues measured in each patient separately. In the case of
flap methods, the critical step is the creation of a pre-
cise corneal flap manually by microkeratome or more
recently by FSL. Studies comparing classic LASIK with
FemtoLASIK state better effectiveness and predictability
in the use of FSL, as well as a lesser degree of induction
of higher order aberrations, postoperatively more stab-
le biomechanics of the cornea and more rapid visual
rehabilitation. There is no significant difference in the

safety profile of both procedures. Patient-paid refracti-
ve procedures, which are usually performed on young,
active individuals without other ocular pathology, are
linked with high demands from patients regarding the
postoperative result, not only for UCVA, but also the
degree of subjective satisfaction. In our cohort the ave-
rage score in evaluation of satisfaction was 1.04. The
high degree of satisfaction with the procedure which
we determined is in accordance with other published
studies [1, 3, 4, 7,9, 12, 14, 15, 18]. The most frequent
complaint from patients was a feeling of dry eyes (11.5
%) with improvement after the application of lubricati-
ons, and perception of blurred vision upon long-term
work on a computer, under reduced lighting conditions
or during fatigue (6.9 %).

CONCLUSION

On the basis of our experiences, correction of low
to high myopia and myopic astigmatism with the aid
of FemtoLASIK, using an FSL LenSx® and excimer laser
Excimer Amaris 500 is an effective and relatively safe
method, with a predictable refractive result. The fun-
damental prerequisite for attaining good postoperative
results and patient satisfaction is primarily a thorough
and comprehensive preoperative examination, respec-
ting the indication criteria. In modern refractive surgery
the method deservedly enjoys considerable popularity
and high demand among patients.

CENTRAL CORNEALTHICKNESS

550

540

530

520

510

500
490

480
470

460
BL

Graph 3. Value of central corneal thickness (CCT) at the thinnest point
was significantly reduced only upon comparison of preoperative and
first postoperative values, after which there was no change not only of
the mean value of CCT, but also of the value measured in each patient
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