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Abstract

Purpose The aim of the study was to examine the
outcomes of transepithelial photorefractive keratec-
tomy (Trans-PRK) and Femtosecond Laser-assisted
in situ keratomileusis (Z-LASIK) for the correction of
high myopia.

Methods A retrospective cohort study design was
used. The study group included 792 eyes with high-
grade myopia (— 6.0 diopters or higher) or high-grade
myopia with astigmatism that were treated with
Z-LASIK or Trans-PRK in 2013 through 2014 in an
optical outpatient clinic of a large private medical
service. The Trans-PRK group comprised of 674 eyes
with a spherical equivalent (SE) of — 7.87 £ 1.46 and
the Z-LASIK group comprised of 118 eyes with a SE
of — 7.19 &£ 0.81 (P < 0.001).
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Results The mean postoperative SE in the Trans-
PRK group was — 0.06 and — 0.02 in the Z-LASIK
group (P = 0.545). Efficacy index values were 0.92 in
the Trans-PRK group and 0.95 in the Z-LASIK group
(P = 0.083), and corresponding safety index values
were 0.95 and 0.97 (P = 0.056). An UCVA of 20/40
or better was achieved in 94.20% of eyes in the Trans-
PRK group, and 98.31% in the Z-LASIK group
(P = 0.063). The majority of eyes in both the Trans-
PRK and Z-LASIK groups were within &= 0.5D of
attempted correction: 59.35 and 64.71%, respectively
(P = 0.271).

Conclusions Both Trans-PRK and Z-LASIK demon-
strated excellent efficacy, safety and predictability
profiles, with results comparable and in some cases
superior to the current literature. Results of Z-LASIK
were slightly better than those of Trans-PRK, though
the preoperative SE of the latter was higher.

Keywords High myopia - FS-LASIK - Trans-PRK -
Refractive surgery - Efficacy - Safety - Predictability

Introduction

Myopia, which is the most common refractive error of
the eye, has become more prevalent in recent years.
Traditionally, it is divided according to the level of
myopia to mild, moderate and high, the latter of which
is used by the American Academy of Ophthalmology
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to describe myopia which is above 6.0 diopters (D).
The presence of high-grade myopia is one of the
leading reasons for not performing refractive surgery
[1,2].

In the 1990s, photorefractive keratectomy (PRK)
was the most performed surgical procedure to correct
low to moderate myopia. Even though it is considered
safe and effective, the side effects include postoper-
ative pain, slow visual rehabilitation, glare or halos
and the risk of iatrogenic corneal haze and poor
predictability, especially in high myopia [3, 4].

Transepithelial PRK (Trans-PRK) refers to the
Schwind Amaris platform (Schwind eye-tech-solu-
tions GmbH, Kleinostheim, Germany) which uses an
excimer laser to ablate the epithelium and then reshape
the cornea in order to correct the refractive error. This
platform can obviate the need of alcohol epithelial
debridement or mechanical removal of the epithelium
during PRK but has the potential to interfere with the
final refractive outcomes of the procedure. Trans-PRK
has been shown to be faster to perform, less painful
and stressful, inducing less postoperative haze and
faster healing time than alcohol-based PRK [5-7].

The other procedure which evolved over the years
alongside PRK is the Laser In Situ Keratomileusis
(LASIK) which nowadays is the most popular proce-
dure for the surgical correction of refractive error. It
provides faster visual recovery, minimal postoperative
pain, less regression and the ability to correct high
degrees of myopia with little postoperative corneal
haze [8]. Shortt et al. [9] compared LASIK with PRK
and concluded that the former had superior efficacy
and safety than the latter.

Nevertheless, one should be aware of LASIKSs’
complications profile: flap- and interface-related com-
plications, flap-related corneal biomechanical insta-
bility, and iatrogenic keratectasia, which is more of a
concern in high myopia [10-18]. The technological
evolution of flap creation enabled the creation of a
more precise and reproducible flap with the femtosec-
ond laser in general, and with the Ziemer-Laser In Situ
Keratomileusis (Z-LASIK) procedure in particular
[19-25]. In their research from 2011, Alio et al. [26]
concluded that LASIK for high myopia with the
Amaris Excimer laser and a femtosecond platform for
flap creation is safe, effective and predictable. A recent
publication which compared FS-LASIK with alcohol-
assisted PRK for the treatment of a wide range of
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refractive errors found superior visual outcomes in the
FS-LASIK group [27].

The purpose of the current study was to examine the
safety, efficacy, predictability and clinical outcomes
of Trans-PRK and Z-LASIK for the correction of high-
grade myopia.

Materials and methods

A retrospective cohort study design was used. The
study followed the tenets of the Declaration of
Helsinki and was approved by the Institutional Review
Board of Assuta Medical Center.

Study cohort

The study group consisted of 792 eyes with high-grade
myopia (— 6.0D or higher) or high-grade myopia with
astigmatism that were treated with Z-LASIK or Trans-
PRK at the optical outpatient clinic of the largest
private medical service in Israel from January 2013
through December 2014. All procedures were per-
formed by one of 7 experienced staff surgeons.
Patients were included in the study if they were
18 years or older, had a myopic spherical equivalent
(SE) of — 6.0D or higher, underwent Z-LASIK or
Trans-PRK and had a complete medical record.
Exclusion criteria were age lower than 18 years,
change of more than 0.5D in refraction during the year
prior to the initial consultation, abnormal or kerato-
conus topography, coexisting ocular pathology or
previous surgery, inflammatory or infectious corneal
disease, relevant systemic dermatologic or connective
tissue disorders, myopic spherical equivalent (SE)
lower than — 6.0D, hyperopia, intended monovision,
pregnancy and incomplete medical records.

Preoperative evaluation

The preoperative evaluation included manifest and
cycloplegic refraction, autorefraction, slit lamp biomi-
croscopy, dilated fundoscopy, Goldmann tonometry
and mesopic pupil diameter measurement. Slit-scan
corneal Scheimpflug tomography (Sirius, Schwind
eye-tech-solutions GmbH, Kleinostheim, Germany)
and total ocular wavefront measurement (Hartmann-
Shack Aberrometer/ORK-Wavefront Analyzer; Sch-
wind eye-tech-solutions) were carried out as well.
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Surgical technique

Decision to perform Z-LASIK or Trans-PRK was left
to the discretion of the operating physician.

In the Trans-PRK group, all treatments were
aspheric aberration-neutral non-wavefront-guided
profiles and excimer laser application was preceded
by standardized wet sponge application. Single-step
laser delivery with the Schwind Amaris 500E excimer
laser (Schwind eye-tech-solutions GmbH, Kleinos-
theim, Germany) was carried out immediately after-
ward with a 5.7-7.0 mm optical zone. Mitomycin C
(MMC 0.02%) was immediately applied for 50 s using
a damp Merocel sponge, then copiously irrigated with
BSS (balanced normal saline solution), and dried. One
drop of ofloxacin (0.3%) was subsequently instilled,
and a bandage contact lens (purevision, Baus-
ch&Lomb) was inserted. After surgery, all eyes
received topical ofloxacin (0.3%) qid until removal
of the contact lens, dexamethasone (0.1%) drops qid
with a slow tapering down over 12 weeks, and
artificial teardrops qid for 3 months.

In the Z-LASIK group, a minimum residual stromal
bed of 300 microns was mandatory for the procedure.
The corneal flaps were created under topical anesthe-
sia using the Ziemer LDV Z6 Femtosecond laser
(Ziemer Ophthalmic  Systems, Allmendstrasse,
Switzerland). Nominal flap thickness was set at
110 pm and flap diameter, to 9.5 mm, with a 0.4-
mm hinge placed superiorly. After the flap was lifted,
ablations were performed using the Schwind Amaris
500E excimer laser with a 5.7-7.5 mm optical zone
and 0.5 mm transition zone. The corneal flap and
stromal surface were irrigated with balanced salt
solution, and the flap was repositioned. After surgery,
patients were instructed to instill topical ofloxacin
(0.3%) qid for 1 week, dexamethasone (0.1%) drops
qid for 2 weeks, and artificial tears qid for 3 months.

Patients were examined immediately after surgery
and invited for follow-up visits at 1 day, 1 week, 1, 3,
6 months and 1 year after surgery.

Study procedure

Patients who met the study criteria were divided into
those who underwent Z-LASIK surgery and those who
underwent Trans-PRK.

The medical files of the patients were reviewed for
demographics, operative data, length of follow-up,

manifest refraction, uncorrected and best-corrected
visual acuity (UCVA and BCVA), corneal thickness,
and postoperative complications. Efficacy was calcu-
lated as the ratio of mean postoperative UCVA to
mean preoperative BCVA (efficacy index). Safety was
calculated as the ratio of mean postoperative BCVA to
mean preoperative BCVA (safety index). Findings
were compared between the Z-LLASIK and Trans-PRK
groups.

Postoperative haze was defined as clinically appar-
ent haze and was noted even if it was visible in only
one follow-up appointment and did not affect the
patients’ vision considerably.

Statistical analysis

Data were analyzed with the Minitab Software,
version 16 (Minitab Inc, State College, PA). Normal-
ity of the data was assessed by the Kolmogorov—
Smirnov test. Student’s t test was used for variable
comparisons between both groups when normal
distribution could be assumed, whereas the Kruskal—
Wallis test was used for non-normally distributed data.
For the analysis of categorical variables, Chi-square or
Fisher exact test was used. A P value of less than 0.05
was considered statistically significant.

Results
Subject demographics

After an exclusion of patients who were lost to follow-
up (24.60% in the Trans-PRK group and 29.88% in the
Z-LASIK group), the Trans-PRK group comprised
674 eyes and the Z-LASIK group of 118 eyes. While in
the former group there was a male predominance of
54.01%, in the latter there was a female one of 68.64%.
Mean age was higher in the Z-LASIK group. As
Z-LASIK was not performed on corneas thinner than
500 microns, the mean corneal thickness of the Trans-
PRK group was lower than that of the Z-LASIK group.
The preoperative spherical equivalent (SE) was higher
in the Trans-PRK group (Table 1).

Efficacy

The efficacy index was 0.92 in the Trans-PRK group
and 0.95 in the Z-LASIK group (P = 0.08) (Table 2).
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Table 1 Patient’s
demographics and
preoperative data

Values are mean + SD
unless otherwise indicated

Table 2 Postoperative
outcomes

Values are mean =+ SD or
percent of eyes BCVA

UCVA uncorrected visual
acuity, BCVA best-corrected

Parameter Trans-PRK (n = 674) Z-LASIK (n = 118) P
Male 54.01% 31.36% < 0.001
Age (year) 26.08 + 7.52 28.39 £ 6.52 0.001
Corneal thickness (pm) 533.4 £ 31.1 549.0 £ 26.0 < 0.001
Spherical equivalence (D) — 7.87 £ 1.46 —7.19 £ 0.81 < 0.001
Sphere (D) — 745 £ 1.50 —6.73 £ 1.01 < 0.001
Cylinder (D) —0.83 £0.79 — 0.92 £ 0.98 0.38
Parameter Trans-PRK (n = 674) Z-LASIK (n = 118) P
Follow-up time (months) 4.57 + 3.39 3.55 £3.33 0.003
Spherical equivalence (D) — 0.06 £ 091 —0.02 £ 0.65 0.55
Sphere (D) 0.24 £ 0.89 0.28 £ 0.67 0.51
Cylinder (D) —0.59 £ 044 — 0.60 £ 041 0.81
Efficacy index 0.92 £ 0.22 0.95 £ 0.16 0.08
UCVA 0.84 + 0.19 0.88 £ 0.14 0.001
Safety index 0.95 + 0.20 0.97 £ 0.14 0.06
20/20 or better 29.46% 29.66% 0.97
20/25 or better 62.20% 69.49% 0.13
20/30 or better 85.27% 94.07% 0.01
20/40 or better 94.20% 98.31% 0.06
20/50 or worse 5.36% 1.69% 0.09
0.86 + 0.17 0.90 £ 0.12 0.002
Distance from target (D) 0.64 £+ 0.66 0.50 + 0.42 0.004
% Within £+ 0.50 D 59.35% 64.71% 0.27

visual acuity

An UCVA of 20/40 or better was achieved in 94.20%
of eyes in the Trans-PRK group and 98.31% in the
Z-LASIK group (P = 0.06). Rates for UCVA 20/25 or
better were 6220 and 69.49%, respectively
(P = 0.13) (Fig. 1).

Predictability

Both Z-LASIK and Trans-PRK proved efficient at
achieving the attempted correction, and the postoper-
ative SE was comparable between the two groups
(Table 2, Fig. 2). The mean postoperative SE in the
Trans-PRK group was — 0.06 and — 0.02 in the
Z-LASIK group (P = 0.55) (Table 2). The distance
from target was marginally but significantly more
accurate with the Z-LASIK group. The majority of
eyes in both the Trans-PRK and Z-LASIK groups were
within £ 0.5D of attempted correction: 59.35 and
64.71%, respectively (P = 0.271) (Table 2). Figure 3
shows the SE refractive accuracy in the two groups,
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and Figs. 4 and 5 show the preoperative and postop-
erative differences in refractive astigmatism between
the groups.

Safety

The safety index was marginally, but not significantly,
higher in the Z-LASIK group (Table 2). Two lines or
more of BCVA were lost in 47 out 674 (7%) in the
Trans-PRK group, while only 1 eye out of 118 (0.8%)
lost 2 lines or more in the Z-LASIK group (Fig. 6).

Complications

The types and rates of postoperative complications are
shown in Table 3. Haze was identified in 55 out of 674
eyes (8.16%) that underwent Trans-PRK and was
associated with a BCVA loss of 1 line or more in 25
patients (3.71%). A grading of the postoperative
corneal haze alongside its respective mean
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preoperative SE is described in Table 4 and Fig. 7.
A Pearson’s correlation was conducted as well and
exhibited a statistically significant negative linear
correlation between the patient’s preoperative SE and
the postoperative grade of corneal haze (r = — 0.20,

P < 0.001). Elevated intraocular pressure (IOP) was
measured in only 6 eyes out 792 eyes in the study
(0.76%) with no statistical difference between the 2
groups. Diffuse Lamellar Keratitis (DLK) was not
diagnosed in any patient. Flap-related complications,
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including nonvisual compromising microstria,
occurred in 5 eyes out of 118 in the Z-LASIK group
(4.24%).

Discussion

The adequate treatment for patients with high myopia
has been a topic of controversy for many years in the
field of refractive surgery. Two emerging technolo-
gies, the Z-LASIK and the Trans-PRK presume to give
a safe and effective solution for these patients. The
current study compared these two bladeless
approaches in the correction of eyes with high myopia,
and found that both Z-LASIK and Trans-PRK showed
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excellent safety, efficacy and predictability. To the
best of our knowledge, this is the first report compar-
ing Z-LASIK with Trans-PRK for the treatment of
high myopia.

When discussing elective refractive procedures,
one should be aware that the most critical factor to our
patients is eliminating their dependency on spectacles.
This factor can be assessed most accurately with the
efficacy index and with the percentage of eyes
achieving an UCVA of 20/40 or better, which is the
mandatory minimum requirement for driving without
spectacles in the USA. In the contemporary literature,
Trans-PRK for the treatment of high myopia achieved
rates of UCVA of 20/40 or better between 95.4 and
100% [28, 29]. Efficacy index values for the treatment
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Table 3 Complications

Values represent percent of

eyes

IOP intraocular pressure,
DLK diffuse lamellar

keratitis

Parameter Trans-PRK (n = 674) Z-LASIK (n = 118) P
Haze 8.16% N/A N/A
Elevated IOP 0.59% 1.69% 0.221
DLK N/A 0.00% N/A
Flap-related complications N/A 4.24% N/A
Regression 1.93% 0.00% 0.235
Overcorrection 0.00% 1.69% 0.022
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Table 4 Postoperative corneal haze grading and its respective
preoperative SE

Postoperative haze grade Preoperative SE (D)

Grade 0 (619 eyes) —7.79 £ 1.40
Grade 1 (43 eyes) — 842 £ 1.47
Grade 2 or more (12 eyes) — 10.03 + 2.35
Values are mean £+ SD

ANOVA: P < 0.001

Pearson’s correlation: r = — 0.20 (P < 0.001)

of high myopia with FS-LASIK range between 0.91
and 0.97 [21-23, 26], and rates of UCVA 20/40 or
better, between 88.2 and 99% [21, 23-26].

In our study, the efficacy of both procedures was
comparable and in some cases even superior to
previous studies describing treatment for high myopia.
With an efficacy index of 0.95 and with 98.31% of
eyes achieving an UCV A of 20/40 or better, the results
of the Z-LASIK group were marginally better than
those of the Trans-PRK group which had an efficacy
index of 0.92 and 94.20% of eyes achieving an UCVA
of 20/40 or better, though the advantage was not
statistically significant. As a rule, due to the fact that
we did not exclude patients with an impaired BCVA
preoperative (numerous studies included only eyes
with a BCVA of 20/25 or better preoperatively and
some even of 20/20 or better), our percentage of eyes

Fig. 7 Interval plot of
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achieving an UCVA of 20/20 or better was lower than
reported in some studies. This does not mean that the
reported operations were not successful, as can be seen
in our very high efficacy index which takes into
account the preoperative BCVA.

In terms of predictability, the literature suggests
that the percentage of eyes treated for high myopia that
were within &= 0.5D of intended correction ranged
between 17 and 71.6% for LASIK [28, 30, 31], 91.4
and 95.4% for Trans-PRK [28, 29], and 56 and 100%
for FS-LASIK [20, 21, 23-26].

All of the patients in both our groups were targeted
for emmetropia. In the Trans-PRK group 59.35% of
the patients and 64.71% in the Z-LASIK group were
within +/0.50D of the intended correction, a margin
which was not statistically significant. For predictabil-
ity, our Trans-PRK results were lower than those
reported in the previous studies [28, 29], but one study
excluded patients with myopia higher than — 10.0D
and above — 4.0D astigmatism, and one study was
conducted on only 35 eyes and patients with over
— 3.5D astigmatism were excluded as well.

Until recently, a relatively high percentage of the
patients undergoing refractive surgery for the correc-
tion of high myopia would lose 2 lines or more of
BCVA postoperatively. In the book “refractive
surgery outcomes and complications” from 2008
[32], the authors advised that an acceptable percentage
of loss of 2 or more lines of BCVA at 6 months of
follow-up must be between 1 and 5%.

t

1 2 or More
Haze Grading



Int Ophthalmol (2019) 39:753-763

761

The percentage of eyes with high myopia that lost 2
of more lines of BCVA postoperatively in similar
studies ranged between 0.6 and 27% for LASIK
[24, 28, 30, 33, 34], 0% for Trans-PRK [28, 29], and 0
to 2.3% for FS-LASIK [20, 22, 23]. In our study, 47
out 674 (7%) in the Trans-PRK group lost 2 or more
lines—a higher percentage than advised in the afore-
cited book, though we have a negative bias in our
group as will be explained further on. This rather high
percentage might also be explained by the large rate of
clinically apparent postoperative haze in our Trans-
PRK group (8.16%), which indeed needs to be further
evaluated. Only 1 eye out of 118 (0.8%) lost 2 lines or
more in the Z-LASIK group (Fig. 6) which is
extremely low, especially when considering the large
amount of eyes examined.

In our study, the safety index in the Trans-PRK
group and in the Z-LASIK group was 0.95 and 0.97,
respectively, which is acceptable with regard to the
safety index reported in the literature for high myopia
[21-23, 30].

The complications of Trans-PRK and FS-LASIK
are not vastly reported in the literature with regards to
high myopia. The total incidence of all intraoperative
LASIK flap complications that have been published in
studies of > 1000 eyes ranges from 0.3 to 5.7% [11].
Kulkamthorn et al. [23] reported on 5 eyes out of 43
that had stria postoperatively. Kojima et al. [24] found
one DLK case, one flap-related complication and one
epithelial ingrowth out of 320 eyes. There were other
publications which did not mention having any
complications [20, 22, 25, 26]. In our study, flap-
related complications occurred in 5 eyes out of 118
(4.24%), 3 of which were nonvisual compromising
microstria, and there was no DLK present in any eye.

Aslanides et al. [29] reported on up to 37% of eyes
with clinically apparent haze 3 months postopera-
tively which reduced to about 2% 12 months postop-
eratively, while in our study the incidence of haze was
8.16%. This relatively high incidence of haze can be
attributed to differences in the diagnosis and grading
of haze, which can be variable among different
observers. Another possible explanation is that the
higher the preoperative SE is, so is the increased
cumulative ablation energy which is employed in
order to correct it, a reasoning which also explains the
correlation we discovered between the preoperative
SE and the grade of postoperative haze, which was
further validated by a Pearson’s correlation. Further

studies are needed to investigate whether the Trans-
PRK platform causes more haze than the PRK one, or
is it merely a coincidence.

There are several limitations to this study. First,
although the sample was large, we used a retrospective
study design with a limited follow-up time of
12 months. Second, because we do not practice
alcohol deepithelization in our clinic, and we rarely
practice mechanical deepithelization, we were unable
to perform a comparison between the above-men-
tioned and Trans-PRK—a comparison which would
have added valuable knowledge regarding complica-
tions, haze level and reepithelization timing. Third,
patients undergoing surgery at our clinic are not
obliged to attend follow-up appointments. Therefore,
those with a very good UCVA in the early postoper-
ative examinations tended not to adhere to the full
12-month follow-up, whereas those with worse early
outcomes were motivated to appear for reexamination.
The consequent high attrition rate probably caused a
negative bias in terms of efficacy in both groups.
Fourth, there was also a potential negative bias in
terms of the safety index/loss of BCV A because we do
not routinely examine BCVA in patients with a good
postoperative UCVA; instead, we use the postopera-
tive UCVA value for both parameters. This may have
lowered the expected safety index and increased the
number of eyes that lost lines of BCVA postopera-
tively, in both groups. Another bias between both
procedures consists of the fact that eyes with a degree
of myopia higher than 10D were rarely operated with
the Z-LASIK approach—thus creating a bias against
the Trans-PRK group. In addition, when a patient
underwent another operation to correct the remaining
myopic error we only related to the results of the first
operation in the analysis, thus lowering our cumulative
results. The last negative bias acting against our results
is that we did not exclude patients with a very high
myopia which were excluded in some other studies,
thus, again, lowering the eyes achieving an UCVA of
20/20 or better.

In conclusion, in this single-center retrospective
study, we found both procedures to have excellent
efficacy, safety and predictability profiles, with results
comparable and in some cases superior to the current
literature. The results of the Z-LASIK operation were
slightly better than those of the Trans-PRK one,
though the preoperative SE of the latter was signifi-
cantly higher than that of the former. The findings
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should be confirmed in prospective trials with longer
follow-up.

References

11.

12.

13.

. Hori-Komai Y, Toda I, Asano-Kato N, Tsubota K (2002)

Reasons for not performing refractive surgery. J Cataract
Refract Surg 28(5):795-797

. Bamashmus M, Saleh MF, Abdulrahman M, Al-Kershy N

(2010) Reasons for not performing LASIK in refractive
surgery candidates in Yemen. Eur J Ophthalmol
20(5):858-864

. Loewenstein A, Lipshitz I, Varssano D, Lazar M (1997)

Complications of excimer laser photorefractive keratec-
tomy for myopia. J Cataract Refract Surg 23(8):1174-1176

. Alio JL, Artola A, Claramonte PJ, Ayala MJ, Sanchez SP

(1998) Complications of photorefractive keratectomy for
myopia: two year follow-up of 3000 cases. J Cataract
Refract Surg 24(5):619-626

. Luger MH, Ewering T, Arba-Mosquera S (2012) Consec-

utive myopia correction with transepithelial versus alcohol-
assisted photorefractive keratectomy in contralateral eyes:
one-year results. J Cataract Refract Surg 38(8):1414-1423.
https://doi.org/10.1016/j.jcrs.2012.03.028

. Fadlallah A, Fahed D, Khalil K, Dunia I, Menassa J, El

Rami H, Chlela E, Fahed S (2011) Transepithelial pho-
torefractive keratectomy: clinical results. J Cataract Refract
Surg 37(10):1852-1857.  https://doi.org/10.1016/j.jcrs.
2011.04.029

. Wang DM, Du Y, Chen GS, Tang LS, He JF (2012)

Transepithelial photorefractive keratectomy mode using
SCHWIND-ESIRIS excimer laser: initial clinical results.
Int J Ophthalmol 5(3):334-337. https://doi.org/10.3980/j.
issn.2222-3959.2012.03.16

. Ambrosio R Jr, Wilson S (2003) LASIK vs LASEK vs PRK:

advantages and indications. Semin Ophthalmol 18(1):2-10

. Shortt AJ, Bunce C, Allan BD (2006) Evidence for superior

efficacy and safety of LASIK over photorefractive kerate-
ctomy for correction of myopia. Ophthalmology
113(11):1897-1908. https://doi.org/10.1016/j.ophtha.2006.
08.013

. Melki SA, Azar DT (2001) LASIK complications: etiology,

management, and Surv
46(2):95-116

Schallhorn SC, Amesbury EC, Tanzer DJ (2006) Avoid-
ance, recognition, and management of LASIK complica-
tions. Am J Ophthalmol 141(4):733-739. https://doi.org/10.
1016/j.2j0.2005.11.036

Wang B, Naidu RK, Chu R, Dai J, Qu X, Zhou H (2015) Dry
eye disease following refractive surgery: a 12-month fol-
low-up of SMILE versus FS-LASIK in high myopia.
J Ophthalmol 2015:132417. https://doi.org/10.1155/2015/
132417

Meyer CH, Mennel S, Schmidt JC (2009) Acute kerato-
conus-like hydrops after laser in situ keratomileusis.
J Ophthalmol 2009:363482. https://doi.org/10.1155/2009/
363482

prevention. Ophthalmol

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Wu W, Wang Y (2015) The correlation analysis between
corneal biomechanical properties and the surgically induced
corneal high-order aberrations after small incision lenticule
extraction and femtosecond laser in situ keratomileusis.
J Ophthalmol 2015:758196. https://doi.org/10.1155/2015/
758196

Sutton G, Lawless M, Hodge C (2014) Laser in situ ker-
atomileusis in 2012: a review. Clin Exp Optom
97(1):18-29. https://doi.org/10.1111/cx0.12075

Kymionis GD, Kounis GA, Grentzelos MA, Panagopoulou
SI, Kandarakis SA, Krasia MS (2011) Interface corneal
stromal irregularities after flap creation using femtosecond
laser. Eur J Ophthalmol 21(2):207-209

Dada T, Pangtey MS, Sharma N, Vajpayee RB, Jhanji V,
Sethi HS (2006) Hyeropic shift after LASIK induced diffuse
lamellar keratitis. BMC Ophthalmol 6:19. https://doi.org/
10.1186/1471-2415-6-19

Tatar MG, Aylin Kantarci F, Yildirim A, Uslu H, Colak HN,
Goker H, Gurler B (2014) Risk factors in post-LASIK
corneal ectasia. J Ophthalmol 2014:204191. https://doi.org/
10.1155/2014/204191

Khoramnia R, Salgado JP, Lohmann CP, Kobuch KA, von
Mohrenfels CW (2012) Precision, morphology, and histol-
ogy of corneal flap cuts using a 200-kHz femtosecond laser.
Eur J Ophthalmol 22(2):161-167. https://doi.org/10.5301/
EJO.2011.8376

Vestergaard A, Ivarsen A, Asp S, Hjortdal JO (2013)
Femtosecond (FS) laser vision correction procedure for
moderate to high myopia: a prospective study of
ReLEx((R)) flex and comparison with a retrospective study
of FS-laser in situ keratomileusis. Acta Ophthalmol
91(4):355-362. https://doi.org/10.1111/j.1755-3768.2012.
02406.x

Ang M, Mehta JS, Rosman M, Li L, Koh JC, Htoon HM,
Tan D, Chan C (2013) Visual outcomes comparison of 2
femtosecond laser platforms for laser in situ keratomileusis.
J Cataract Refract Surg 39(11):1647-1652. https://doi.org/
10.1016/j.jcrs.2013.04.044

Tomita M, Watabe M, Yukawa S, Nakamura N, Nakamura
T, Magnago T (2014) Safety, efficacy, and predictability of
laser in situ keratomileusis to correct myopia or myopic
astigmatism with a 750 Hz scanning-spot laser system.
J Cataract Refract Surg 40(2):251-258. https://doi.org/10.
1016/j.jcrs.2013.07.043

Kulkamthorn T, Silao JN, Torres LF, Lim JN, Purcell TL,
Tantayakom T, Schanzlin DJ (2008) Wavefront-guided laser
in situ keratomileusis in the treatment of high myopia by using
the CustomVue wavefront platform. Cornea 27(7):787-790.
https://doi.org/10.1097/1CO.0b013e31816a3554

Kojima T, Hallak JA, Azar DT (2008) Control-matched
analysis of laser in situ keratomileusis outcomes in high
myopia. J Cataract Refract Surg 34(4):544-550. https://doi.
org/10.1016/j.jcrs.2007.11.031

Stonecipher KG, Kezirian GM, Stonecipher M (2010)
LASIK for — 6.00 to — 12.00 D of myopia with up to 3.00
D of cylinder using the ALLEGRETTO WAVE: 3- and
6-month results with the 200- and 400-Hz platforms. J Re-
fract Surg 26(10):S814-S818. https://doi.org/10.3928/
1081597X-20100921-08

Alio JL, Vega-Estrada A, Pinero DP (2011) Laser-assisted
in situ keratomileusis in high levels of myopia with the


https://doi.org/10.1016/j.jcrs.2012.03.028
https://doi.org/10.1016/j.jcrs.2011.04.029
https://doi.org/10.1016/j.jcrs.2011.04.029
https://doi.org/10.3980/j.issn.2222-3959.2012.03.16
https://doi.org/10.3980/j.issn.2222-3959.2012.03.16
https://doi.org/10.1016/j.ophtha.2006.08.013
https://doi.org/10.1016/j.ophtha.2006.08.013
https://doi.org/10.1016/j.ajo.2005.11.036
https://doi.org/10.1016/j.ajo.2005.11.036
https://doi.org/10.1155/2015/132417
https://doi.org/10.1155/2015/132417
https://doi.org/10.1155/2009/363482
https://doi.org/10.1155/2009/363482
https://doi.org/10.1155/2015/758196
https://doi.org/10.1155/2015/758196
https://doi.org/10.1111/cxo.12075
https://doi.org/10.1186/1471-2415-6-19
https://doi.org/10.1186/1471-2415-6-19
https://doi.org/10.1155/2014/204191
https://doi.org/10.1155/2014/204191
https://doi.org/10.5301/EJO.2011.8376
https://doi.org/10.5301/EJO.2011.8376
https://doi.org/10.1111/j.1755-3768.2012.02406.x
https://doi.org/10.1111/j.1755-3768.2012.02406.x
https://doi.org/10.1016/j.jcrs.2013.04.044
https://doi.org/10.1016/j.jcrs.2013.04.044
https://doi.org/10.1016/j.jcrs.2013.07.043
https://doi.org/10.1016/j.jcrs.2013.07.043
https://doi.org/10.1097/ICO.0b013e31816a3554
https://doi.org/10.1016/j.jcrs.2007.11.031
https://doi.org/10.1016/j.jcrs.2007.11.031
https://doi.org/10.3928/1081597X-20100921-08
https://doi.org/10.3928/1081597X-20100921-08

Int Ophthalmol (2019) 39:753-763

763

27.

28.

29.

30.

amaris excimer laser using optimized aspherical profiles.
American journal of ophthalmology 152(6):954-963.
https://doi.org/10.1016/j.aj0.2011.05.009

Hashmani N, Hashmani S, Ramesh P, Rajani H, Ahmed J,
Kumar J, Kumar A, Jamali M (2017) A comparison of visual
outcomes and patient satisfaction between photorefractive
keratectomy and femtosecond laser-assisted in situ ker-
atomileusis. Cureus 9(9):e1641. https://doi.org/10.7759/
cureus.1641

Ghadhfan F, Al-Rajhi A, Wagoner MD (2007) Laser in situ
keratomileusis versus surface ablation: visual outcomes and
complications. J Cataract Refract Surg 33(12):2041-2048.
https://doi.org/10.1016/j.jcrs.2007.07.026

Aslanides IM, Georgoudis PN, Selimis VD, Mukherjee AN
(2015) Single-step transepithelial ASLA (SCHWIND) with
mitomycin-C for the correction of high myopia: long term
follow-up. Clin Ophthalmol 9:33-41. https://doi.org/10.
2147/0OPTH.S73424

Gazieva L, Beer MH, Nielsen K, Hjortdal J (2011) A ret-
rospective comparison of efficacy and safety of 680 con-
secutive lasik treatments for high myopia performed with

31

32.

33.

34.

two generations of flying-spot excimer lasers. Acta Oph-
thalmol  89(8):729-733.  https://doi.org/10.1111/j.1755-
3768.2009.01830.x

. Alio JL, Muftuoglu O, Ortiz D, Perez-Santonja JJ, Artola A,

Ayala MJ, Garcia MJ, de Luna GC (2008) Ten-year follow-
up of laser in situ keratomileusis for myopia of up to — 10
diopters. Am J Ophthalmol 145(1):46-54. https://doi.org/
10.1016/j.2j0.2007.09.010

Chamon W, Alleman N (2008) Refractive surgery outcomes
and frequency of complications in management of compli-
cations in refractive surgery. Springer, Berlin

Sekundo W, Bonicke K, Mattausch P, Wiegand W (2003)
Six-year follow-up of laser in situ keratomileusis for mod-
erate and extreme myopia using a first-generation excimer
laser and microkeratome. J Cataract Refract Surg
29(6):1152-1158

Kymionis GD, Tsiklis NS, Astyrakakis N, Pallikaris Al,
Panagopoulou SI, Pallikaris IG (2007) Eleven-year follow-
up of laser in situ keratomileusis. J Cataract Refract Surg
33(2):191-196. https://doi.org/10.1016/j.jcrs.2006.11.002

@ Springer


https://doi.org/10.1016/j.ajo.2011.05.009
https://doi.org/10.7759/cureus.1641
https://doi.org/10.7759/cureus.1641
https://doi.org/10.1016/j.jcrs.2007.07.026
https://doi.org/10.2147/OPTH.S73424
https://doi.org/10.2147/OPTH.S73424
https://doi.org/10.1111/j.1755-3768.2009.01830.x
https://doi.org/10.1111/j.1755-3768.2009.01830.x
https://doi.org/10.1016/j.ajo.2007.09.010
https://doi.org/10.1016/j.ajo.2007.09.010
https://doi.org/10.1016/j.jcrs.2006.11.002

	Z-LASIK and Trans-PRK for correction of high-grade myopia: safety, efficacy, predictability and clinical outcomes
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study cohort
	Preoperative evaluation
	Surgical technique
	Study procedure
	Statistical analysis

	Results
	Subject demographics
	Efficacy
	Predictability
	Safety
	Complications

	Discussion
	References




