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ABSTRACT

Background To assess the outcomes of laser-assisted
in situ keratomileusis (LASIK) performed for the
treatment of myopia in terms of safety, efficacy and
predictability in an 18-year clinical audit.

Method |In this single-centre, prospective, non-
randomised study, preoperative and postoperative
refractions, uncorrected (UCVA), best-corrected Snellen
visual acuity (BCVA) and complications of all eyes
undergoing myopic LASIK were recorded. Safety, efficacy,
refractive predictability, treatment trends, retreatment
rates and complication rates were evaluated.

Results Between 1998 and 2015, 53 731 eyes of
27312 patients underwent myopic LASIK. Patients’
median age was 31.6 years (mean, 32.6+7.3 years);
there were 9703 males (35.5%). Patients were
predominantly ethnic Chinese (87.4%). Mean follow-

up time was 78+75.6 days (median, 86 days). Overall
efficacy index was 0.91 with >99% of eyes achieving
UCVA of =20/40 and >70% achieving 20/20 since 2010.
95.43% of eyes had no loss of vision postoperatively and
4.2% and 0.37% lost 1 and =2 lines BCVA, respectively.
From 2010 the safety index has been >1.05. More

than 94.0% of eyes achieved within 1.0 D of target
refraction and at least 70% achieved within +0.50 D of
target from 2010 onwards. Retreatment rate was 2.55%
and after retreatment 98.4% of eyes achieved >20/40
UCVA and 63.5% achieved =20/20 UCVA. The overall
complication rate is 0.98%, and since 2010, the annual
complication rate has been <0.8%.

Conclusions Myopic LASIK performed in Asian eyes

is safe and effective with high refractive predictability

in a comprehensive LASIK programme with appropriate
clinical audit.

INTRODUCTION

Laser-assisted in situ keratomileusis (LASIK) is the
most commonly performed procedure for refrac-
tive correction, with >16 million LASIK proce-
dures performed globally since being introduced in
1990." The popularity of the procedure is due to its
excellent efficacy, safety, stability and predictability
in treating both myopia and hyperopia, with or
without astigmatism and high patient satisfaction.”™
Over time, outcomes have improved with techno-
logical advancements.’ 5 Most notably, creation of
the corneal flap has shifted from using the mechan-
ical microkeratome (MK) to the femtosecond
(FS) laser driven by the numerous advantages of
FS laser flap creation over the MK, including the
ability to create thinner yet more uniform, accurate

and predictable flaps with less intraoperative flap
complications.’™

At the Singapore National Eye Centre (SNEC),
all LASIK outcomes are audited since 1998 and a
previous analysis of this data shows that LASIK
is safe and efficacious and has high predictability
and low complication rates.* Since then changes
to the equipment and practice of LASIK in SNEC
have occurred. These include the use of newer
patient screening modalities, improved excimer
lasers, updated laser algorithms and the use of FS
lasers for flap creation. In this paper, we examine
the overall trends and outcomes of myopic
LASIK over an 18-year period in a single public
institution.

METHODS

General criteria for consideration of LASIK, which
may vary in specifics from criteria used in other
refractive practices, included age 21 years or older;
stable refractive error for =12 months before
surgery; normal ocular surface; absence of corneal
abnormalities suggestive of keratoconus or other
corneal ectatic diseases; normal peripheral retina
or after prophylactic photocoagulation; absence
of active ocular pathology or systemic disease; and
absence of pregnancy or lactation. During the study
period, any abnormal corneal topography findings
that are risk factors for corneal ectatic disorders and
ectasia after LASIK were excluded (central corneal
thickness <480 um, expected residual stromal bed
<250 um after LASIK, asymmetrical topography
between eyes, asymmetric inferior corneal steep-
ening or asymmetric bowtie topographic patterns
with skewed steep radial axes above and below the
horizontal meridian). We also assessed patients using
ectasia risk indices such as the Pentacam Belin-Am-
brésio deviation index (BAD-D) since June 2013
and the Orbscan Screening Corneal Objective Risk
of Ectasia (SCORE) Analyzer since January 2014.
Patients with clinically abnormal ocular surface and
dry eye symptoms were first put on a trial of dry
eye treatment. Non-response to treatment or those
with severe dry eye symptoms, persistent corneal
staining or decreased vision due to ocular surface
disease were excluded.

We excluded from analysis therapeutic treat-
ments (such as post-penetrating keratoplasty
refractive correction), intended undercorrec-
tion for monovision and other modalities of
myopic refractive surgery such as photorefractive
keratectomy.
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Surgical technique

This has been previously described.* The flaps were created
using a microkeratome (B&L Hansatome or XP Microkeratome
(Bausch & Lomb Surgical, Rochester, New York, USA)) or a FS
laser (Intralase (Abbott Medical Optics, Santa Ana, California,
USA), Visumax (Carl Zeiss Meditec, Jena, Germany) or the
FEMTO LDV (Ziemer Ophthalmic Systems, Port, Switzerland)).
Excimer laser ablation was performed using one of the following
excimer laser systems: Chiron Technolas 117C, Technolas
217C, Technolas 217Z, Technolas 217Z 100 (Bausch & Lomb
Surgical, Irvine, California, USA), LADARVision 4000 (Alcon,
Fort Worth, Texas, USA), WaveLight Allegretto Wave Eye-Q 400
Hz or WaveLightEX500 (WaveLight , Alcon).

The various algorithms adopted by each surgeon such as wave-
front-guided treatment, aspheric and tissue saving treatment
were not differentiated in this study to provide an all-inclusive
picture of the trends over the 18-year period.

Postoperative evaluation

All patients underwent postoperative examinations at 1 day, 1
week, 1 month and 3 months. Postoperative evaluations by inde-
pendent examiners at each visit included uncorrected Snellen
visual acuity (UCVA), best-corrected visual acuity (BCVA) and slit-
lamp biomicroscopy. Cases were categorised into low (spherical
equivalent (SE) <—5.0 D), moderate (SE =—5.0 D and <—10.0
D) or high myopia (SE =—10.0 D) based on their preoperative
refraction. All complications and retreatments were documented.
Statistical analyses were performed using R V.3.3.3 (R Core Team;
Vienna, Austria).

RESULTS

Between 1998 and 2015, 53 731 eyes of 27 309 patients under-
went myopic LASIK surgery at the SNEC by a total of 37 surgeons.
In 2008, 30% of the flaps were created using the FS laser. This
proportion increased to 86% in 2009 and to 100% in 2011 and
thereafter. The median age was 31.6 years (mean, 32.6+7.3 years);
there were 9706 (35.5%) males and 17 606 (64.5%) females.

100.0

Patients were predominantly ethnic Chinese (87.4%). The mean
follow-up time was 78+75.6 days.

Efficacy

Overall, 97.3% of eyes achieved UCVA of =20/40 and 68.7%
achieved UCVA of =20/20, with an upward trend from 98.6%
achieving UCVA of =20/40 in 2006 to >99.0% since 2010. Simi-
larly the percentage of eyes achieving =20/20 also increased from
67.9% to >78.1%. In 2015, 80.1% achieved =20/20 vision and
99.7% achieved UCVA =20/40 (figure 1). Eyes in the low myopia
group tend to have the highest efficacy with 79.6% achieving
UCVA of =20/20 and 99.2% achieving =20/40 (figure 2).

Safety

The overall percentage of eyes with no change or a gain in BCVA
Snellen lines of vision is 95.43%. Less than 5% had loss of vision
with 4.2% losing one line and 0.40% losing two or more lines of
BCVA. From 2008, the percentage of patients with loss of two lines
of vision was 0.4% or less (figure 3).

Predictability

Overall, 90.4% of eyes achieved £1.0 D of target refraction and
65.6% achieved =0.50 D of target refraction. The refractive
predictability showed an increasing trend with 92.5% in 2009 and
97.6% in 2015 achieving within +1.0 D from target refraction
postoperatively. During the same period, the percentage of eyes
achieving within 0.5 D of target refraction also improved from
67.19% to 74.8% (Figure 4). The low and moderate myopes tend to
have better predictability than the high myopes (figure 5).

Retreatment rates

The overall retreatment rate was 2.55% (1335 of 52 396 eyes)
and has progressively decreased from >49% in the early years to
<1.2% since 2010 (table 1). After retreatment, 98.4% of eyes
achieved =20/40 UCVA and 63.5% achieved =20/20 UCVA. The
main indications for retreatment were visual results-related dissat-
isfaction such as UCVA of <20/30, or a manifest SE of = -0.75 D.
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Figure 1
uncorrected visual acuity (UCVA) of =20/40 and =20/20.
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Graph of overall efficacy of myopic laser-assisted in situ keratomileusis from 1998 to 2015 showing percentage of eyes achieving
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Figure 2  Graph of efficacy of myopic laser-assisted in situ keratomileusis from 1998 to 2015 showing percentage of eyes achieving uncorrected
visual acuity (UCVA) of =20/40 and >20/20 for the three categories of myopia. Low myopia=spherical equivalent (SE) < —5.0 D; moderate myopia =SE

>-5.0 D and < -10.0 D; high myopia = SE = -10.0 D.

When the retreatment cases were stratified according to the preop-
erative refraction, there was one case each from the moderate and
the high myopia category. The remaining retreatment cases were in
the low myopia category.

Complications

The overall complication rate is 0.98%, and since 2010, the
annual complication rate has been <0.8%. In 2007, there was a
surge in the number of complications from an epidemic of cases
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of surgical markers related diffuse lamellar keratitis (DLK).” With
the exclusion of these 67 cases of DLK, flap-related complications
comprised the majority of complications both intraoperatively
(103, 78.6%) and postoperatively (234, 66.99%). All cases of loose
epithelium, buttonhole flap and eccentric flaps occurred in MK
flaps and all the flap tears occurred in the FS laser flaps. There
was only one case of dislodged flaps occurring in the FS LASIK
cases (table 2). Other complications included various machine and
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Figure 3  Graph of safety of myopic laser-assisted in situ keratomileusis from 1998 to 2015 showing percentage of eyes losing two or more lines of

best-corrected visual acuity.
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Figure 4 Graph of overall refractive predictability of myopic laser-assisted in situ keratomileusis showing percentage of eyes within 0.5 and +1.0
D of target refraction postoperatively.

technician-related issues as suction loss. Due to limitations in the remaining 10 cases belonged to the moderate myopia category. All
data collected, we could not stratify the complications in table 2 had received MK flaps.
according to the preoperative myopia categories.

There were 12 cases of post-LASIK ectasia that presented at
varying times points after surgery before 2007. When these cases ~ DISCUSSION
were stratified according to the preoperative refraction, there was Our study shows a consistent, progressive improvement in
1 case each from the low and the high myopia category and the the efficacy of LASIK for myopia over time. Over the 18-year
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Figure 5 Graph of refractive predictability of myopic laser-assisted in situ keratomileusis showing percentage of eyes within +£0.5 and +1.0 D of
target refraction postoperatively for the three categories of myopia. Low myopia =spherical equivalent (SE) < -5.0 D; moderate myopia = SE = -5.0 D
and < —10.0 D; high myopia =SE >-10.0 D.
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Table 1 Pre-retreatment manifest refractive spherical equivalent in
dioptres and retreatment trends between 1998 and 2015

Pre-retreatment 3 months

manifest refractive post-

spherical Retreatment  retreatment  Eyes, n (% of
Year equivalent attempted (D) (D) total)
1998 -2.10+1.21 —-2.38+0.57 —0.59+0.61 6 (1.4)
1999 -1.77+0.83 -1.82+0.74 —-0.37+0.60 73 (4.5)
2000 -1.61+0.87 —-1.78+0.83 -0.32+0.44 135 (5.6)
2001 —-1.51+0.65 —1.58+0.56 —-0.09+0.35 117 (4.3)
2002 —-1.45+0.81 —1.58+0.69 -0.27+0.47 82 (2.9)
2003 —-1.09+0.44 —1.45+0.44 —-0.01+0.39 134 (4.7)
2004 -1.23+0.62 —1.49+0.57 0.09+0.38 114 (2.3)
2005 —1.20+0.61 —1.58+0.57 0.03+0.47 178 (2.5)
2006 —-1.01+0.50 -1.37+0.53 0.05+0.35 143 (2.0)
2007 -1.20+1.30 —1.52+0.72 0.12+0.52 116 (2.6)
2008 -1.14+0.73 —1.58+0.74 0.03+0.44 108 (3.1)
2009 -1.42+0.70 —1.70+0.66 —-0.04+0.38 48 (1.7)
2010 —-1.33+0.87 —-1.70+0.83 —0.02+0.29 21(0.7)
2011 -1.07+0.57 —1.57+0.61 0.06+0.33 15 (0.6)
2012 —-1.06+0.41 —1.56+0.39 0.28+0.38 20 (1.1)
2013 —1.28+0.66 —1.76+0.80 0.20+0.40 12 (0.7)
2014 -1.12+0.83 -1.63+0.75 0.05+0.20 11(0.9)
2015 -1.38+0.53 -1.75+0.35 0.00+0.00 2(0.2)

period, the mean UCVA achieved was 97.3% for =20/40 and
68.7% for =20/20. These outcomes are comparable to other
large studies for myopic LASIK with 97% achieving postop-
erative UCVA of =20/40 and 62% of eyes achieving =20/20
UCVA.? 111 Although the myopia categories defined in our
study and that in the US Food and Drug Administration (FDA)
clinical trials were not identical (low myopia being <—6.0 D,
moderate myopia as —6.0 D to <—12.0 D and =-12.0 D,
respectively),'® % the efficacy between similar myopia categories
was comparable. The FDA clinical trials reported that for the low
myopia category 67%-86% of eyes achieved UCVA of =20/20
and 93%-100% achieved =20/40. In our series, 79.6% achieved
UCVA of =20/20 and 99.2% achieved UCVA of =20/40. In the
moderate myopia category, FDA trials reported that 26%-71%
of eyes achieved an UCVA of =20/20 and our results showed
that 62.7% achieved UCVA of =20/20 and 96.8% achieved
UCVA of =20/40. In the high myopia group, 32.5% achieved
UCVA of =20/20 and 84.6% achieved UCVA of =20/40 which
is again comparable to the FDA trials where eyes with =—10.0
D of myopia 21.4%-92.0% achieved an UCVA of =20/20 and
78.1%-94.9% achieved an UCVA of =20/40."

The refractive predictability also showed an increasing trend
with 97.6% being within +1.0 D of target refraction and 74.8%
within 0.5 D in 2015. The average was 90.4% achieving +=1.0
D of target, and 65.6% achieving =0.50 D of target. The mean
percentage of eyes losing two or more lines of vision has been
0.409% or less since 2008. These results are comparable with the
findings of Sandoval where 98.6% of eyes achieved postopera-
tive refraction within £1.0 D of target refraction and 0.61% lost
two or more lines of vision.?

In the high myopia category, although the results compared
less favourably, steady improvement of outcomes with time in
terms of efficacy, safety and refractive predictability have also
been observed (figures 2 and 5). The lower outcomes compared
with other myopia categories may be attributable to an increased
central corneal ablation, a higher reported rate of myopic

regression in eyes with higher myopia corrections and nomo-
gram adjustments with surgeons electing to undercorrect, espe-
cially when corneal thickness limits are encountered.*** 3

The overall retreatment rate was 2.55%, which was lower
than the rate of 3.8% previously reported* and comparable to
similar reports of laser refractive surgery for myopia that saw a
retreatment rate of 1.8%-6.85%.'*'* This low retreatment rate
may be attributed to increased surgeon experience, improved
excimer laser systems and established ablation nomograms that
prevents undercorrection.

The shift in flap creation from using a manual MK to the FS
laser in the later part of the study is similar to what is seen in
other centres despite the higher cost and space constraints asso-
ciated with the use of a FS laser. The American Society of Cata-
ract and Refractive Surgery surveys show an increase in the use
of femtosecond laser for flap creation from about 21% in 2007
to 55% in 2009 while the 2015 International Society of Refrac-
tive Surgery indicate that about 75% use it today. This shift is
driven by a number of factors including improved accuracy in
flap creation, flexibility in flap design, reduction in flap-related
complication such as epithelial defects, as well as increased
patient comfort with the new high-speed lasers.

Excimer lasers systems used at SNEC have change consid-
erably from the Chiron Technolas 117C (1998) to the current
WaveLightEX500, in use since 2013. Among the many advances
that occurred with the changes in the lasers are reductions in
the spot size and increase in speed, from a 2 mm beam and a
pulse repetition rate of about 25 Hz to a 0.68 mm spot size and
repetition rate of 500 Hz, allowing treatment times of 1.4 s per
dioptre. Improved eye trackers and pupil monitoring systems
as well as better customisation profiles in these excimer laser
systems have resulted in more accurate treatments with less
induced postoperative higher-order aberrations.'®™"

The complication rates have progressively reduced over time,
except for a higher rate in 2007 due to an increased incidence of
DLK. The occurrence of DLK in the early postoperative period
has been associated which a number of factors including instru-
ment sterilisation protocols, use of certain types of surgical gloves
and surgical markers. In our series, it was traced to a certain
brand of marker and subsequent to its removal, the complica-
tion rates showed a significant reduction from 2008 onwards
to 0.57% in 2015.° The reduction in flap-related complica-
tion rates after 2007 was largely the result of transition to FS
laser for corneal flap creation particularly with a reduction in
the occurrence of dislodged flaps, with only one case occurring
in the FS LASIK eyes. In eyes undergoing primary LASIK, flap
dislodgement has been postulated to be less likely to occur in FS
LASIK than in MK LASIK due to better flap morphology and
adhesion strength of flap created with the femtosecond laser.” 2
Most notably, there were no additional cases of infectious kera-
titis other than the three confirmed cases previously reported
which generally recovered with good BCVA without resorting to
corneal transplantation.”

There were a total of 12 cases of ectasia (0.0290). This is
comparable to other studies with post-LASIK ectasia rates of
0.04%-0.57%."7 223 All 12 cases had undergone LASIK surgery
using a MK before 2007. None of these cases had preopera-
tive corneal topography signs of forme fruste keratoconus and
a residual stromal bed of 250 um rule was adhered to in all
these cases. The low rates of keratectasia observed in our series
can be attributed to a strict adherence to a >250 um residual
stromal bed rule and careful observation of the corneal topog-
raphy combined with quantitative diagnostic indices such as
using Scheimpflug-based corneal tomography (Pentacam with
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Belin/Ambrésio Enhanced Ectasia display, Oculus) and Plac-
ido-scanning slit system (Orbscan IIZ Corneal Topography
System with SCORE Analyzer, Bausch+Lomb Technolas) to
exclude forme fruste keratoconus. This has improved our ability
to identify unsuitable LASIK candidates who are at risk of post-
LASIK keratectasia. We acknowledge that there may have been
other patients who developed late onset keratectasia and who
have not returned to us for identification and that there may be
other cases that may present later. Hence the ectasia rate may be
under-reported.

The limitations of this study include a short follow-up time
(mean of 78+75.6 days) and the absence of data on post-LASIK
dry eye. However, long-term studies show that the treatment
effects stabilise generally after 3 months and the change in
regression rates and postoperative mean manifest refraction
between 3 months and 10 years was minimal.’® ** Hence a
3-month follow-up time was chosen as an end point to provide
a practical time frame for evaluating outcomes while capturing
a complete sample size. As our study was designed to examine
the effectiveness and safety of LASIK, formal assessment of dry
eye post-LASIK was not performed postoperatively. As dry eye is
one of the common complications reported after LASIK, further
studies are required to assess post-LASIK dry eye based on clin-
ical examination together with the Oxford Grading System and
symptoms using the Ocular Surface Disease Index scores.”

The strengths of this study include the 100% clinical audit of
all LASIK cases since the introduction of LASIK in 1998, and
to our current knowledge, the largest series of its kind to be
reported. This allows the examination of the overall outcomes
and complications rate in a large, multisurgeon, single-centre
practice which has adopted changes in pretreatment screening
strategies, evolution of surgical techniques, refinements of abla-
tion nomograms and laser machines over time.

In conclusion, we found that the outcomes of LASIK have
continued to improve over the 18-year period with higher effi-
cacy, refractive predictability and safety outcomes while main-
taining a low rate of retreatment and complications and thus is
a safe and effective modality which is anticipated to remain as a
mainstay of laser refractive surgery.

Acknowledgements The authors thank Li Xiang and the SNEC Refractive Surgery
Research Group: Marcus Ang, FAMS, FRCS(Ed), Jean Chai, FAMS, FRCS(Ed), Khor
Wei Boon, FAMS, FRCS(Ed), Allan Fong, MMed(Ophth), FRCS(Ed), Cordelia Chan,
FRCS(Ed), FAMS, Chan Tat Keong, FRCS(Ed), FRCOphth, Peter Tseng, FRCS(G),
FRCOphth, FAMS, Wee Tze Lin, FRCOphth, FAMS, Wang Jenn Chyuan, FRCOphth,
FAMS, Ti Seng Ei, FRCS(Ed), Donald Tan, FRCS(Ed),FRCOphth, FAMS, Jodhbir S.
Mehta, FRCOphth, FRCS(Ed), FAMS, Lim Li, FRCS(Ed), FAMS, Mohamad Rosman,
FRCS(E), FAMS.

Contributors DC and RM were involved in study concept and design. DC, HHM
and RM performed data analysis and interpretation. DC and RM drafted the
manuscript. LL, CC, JSM, DT and RM helped revised the article. All authors have read
and approved the final manuscript.

Funding This research received no specific grant from any funding agency in the
public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient consent Not required.

Ethics approval This study adhered to the tenets of the Helsinki Declaration and
the SingHealth Centralized Institutional Review Board ruled that approval was not
required for this study.

Provenance and peer review Not commissioned; internally peer reviewed.

REFERENCES

1 Solomon KD, Fernandez de Castro LE, Sandoval HP, et a/l. LASIK world literature
review: quality of life and patient satisfaction. Ophthalmology 2009;116:691-701.

2 Eydelman M, Hilmantel G, Tarver ME, et al. Symptoms and satisfaction of patients in
the patient-reported outcomes with laser in situ keratomileusis (prowl) studies. JAMA
Ophthalmol 2017;135:13-22.

3 Sandoval HP, Donnenfeld ED, Kohnen T, et al. Modern laser in situ keratomileusis
outcomes. J Cataract Refract Surg 2016;42:1224-34.

4 Yuen LH, Chan WK, Koh J, et al. A 10-year prospective audit of LASIK outcomes
for myopia in 37,932 eyes at a single institution in Asia. Ophthalmology
2010;117:1236-44.

5 Pajic B, Vastardis |, Pajic-Eggspuehler B, et al. Femtosecond laser versus mechanical
microkeratome-assisted flap creation for LASIK: a prospective, randomized, paired-eye
study. Clin Ophthalmol 2014;8:1883-9.

6 Ahn H, Kim JK, Kim CK, et al. Comparison of laser in situ keratomileusis flaps
created by 3 femtosecond lasers and a microkeratome. J Cataract Refract Surg
2011;37:349-57.

7 Chen S, Feng Y, Stojanovic A, et al. IntraLase femtosecond laser vs mechanical
microkeratomes in LASIK for myopia: a systematic review and meta-analysis. J Refract
Surg 2012;28:15-24.

8 Xia LK, YuJ, Chai GR, et al. Comparison of the femtosecond laser and mechanical
microkeratome for flap cutting in LASIK. Int J Ophthalmol 2015;8:784-90.

9 Rosman M, Chua WH, Tseng PS, et al. Diffuse lamellar keratitis after laser in situ
keratomileusis associated with surgical marker pens. J Cataract Refract Surg
2008;34:974-9.

10 Bailey MD, Zadnik K. Outcomes of LASIK for myopia with FDA-approved lasers.
Cornea 2007;26:246-54.

11 Kamiya K, Igarashi A, Hayashi K, et al. A multicenter prospective cohort study on
refractive surgery in 15 011 eyes. Am J Ophthalmol 2017;175:159-68.

12 U.S. Food and Drug Administration, 2018. Medical Devices. FDA Approved Lasers for
LASIK. Available from: https://www.fda.gov/MedicalDevices/ProductsandMedicalPr
ocedures/SurgeryandLifeSupport/LASIK/ucm192109.htm [Accessed 2 Jan 2017].

13 Ali6 JL, Muftuoglu O, Ortiz D, et al. Ten-year follow-up of laser in situ keratomileusis
for myopia of up to -10 diopters. Am J Ophthalmol 2008;145:46-54.

14 Pokroy R, Mimouni M, Sela T, et al. Myopic laser in situ keratomileusis retreatment:
Incidence and associations. J Cataract Refract Surg 2016;42:1408-14.

15 Randleman JB, White AJ, Lynn MJ, et al. Incidence, outcomes, and risk factors for
retreatment after wavefront-optimized ablations with PRK and LASIK. J Refract Surg
2009;25:273-6.

16 Tomita M, Waring GO, Magnago T, et a/. Clinical results of using a high-repetition-rate
excimer laser with an optimized ablation profile for myopic correction in 10 235 eyes.
J Cataract Refract Surg 2013;39:1543-9.

17 Tomita M, Watabe M, Yukawa S, et al. 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 2014;40:251-8.

18 Vega-Estrada A, Ali6 JL, Arba Mosquera S, et al. Corneal higher order aberrations after
LASIK for high myopia with a fast repetition rate excimer laser, optimized ablation
profile, and femtosecond laser-assisted flap. J Refract Surg 2012;28:689-96.

19 Clare G, Moore TC, Grills C, et al. Early flap displacement after LASIK. Ophthalmology
2011;118:1760-5.

20 Kim JY, Kim MJ, Kim TI, et al. A femtosecond laser creates a stronger flap than a
mechanical microkeratome. Invest Ophthalmol Vis Sci 2006;47:599-604.

21 Cummings A, Durrie D, Gordon M, et al. Prospective evaluation of outcomes in
patients undergoing treatment for myopia using the wavelight refractive suite. /
Refract Surg 2017,;33:322-8.

22 Randleman JB, Russell B, Ward MA, et a/. Risk factors and prognosis for corneal
ectasia after LASIK. Ophthalmology 2003;110:267-75.

23 Spadea L, Cantera E, Cortes M, et a/. Corneal ectasia after myopic laser in situ
keratomileusis: a long-term study. Clin Ophthalmol 2012;6:1801-13.

24 LiuZ, LiY, Cheng Z, et al. Seven-year follow-up of LASIK for moderate to severe
myopia. J Refract Surg 2008;24:935-40.

Chua D, et al. Br / Ophthalmol 2018;0:1-7. doi:10.1136/bjophthalmol-2018-312587

ybuAdoo Aq parosiold 1sanb Aq 6T0Z Alenuer 9T uo /wod fwg olg//:dny woly papeojumoq "8T0Z 1900190 2 Uo /852 TE-8T0Z-loweyydolg/oeTT 0T Sk paysiignd 1say :joweyydo r 19


http://dx.doi.org/10.1016/j.ophtha.2008.12.037
http://dx.doi.org/10.1001/jamaophthalmol.2016.4587
http://dx.doi.org/10.1001/jamaophthalmol.2016.4587
http://dx.doi.org/10.1016/j.jcrs.2016.07.012
http://dx.doi.org/10.1016/j.ophtha.2009.10.042
http://dx.doi.org/10.2147/OPTH.S68124
http://dx.doi.org/10.1016/j.jcrs.2010.08.042
http://dx.doi.org/10.3928/1081597X-20111228-02
http://dx.doi.org/10.3928/1081597X-20111228-02
http://dx.doi.org/10.3980/j.issn.2222-3959.2015.04.25
http://dx.doi.org/10.1016/j.jcrs.2008.02.014
http://dx.doi.org/10.1097/ICO.0b013e318033dbf0
http://dx.doi.org/10.1016/j.ajo.2016.12.009
https://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/SurgeryandLifeSupport/LASIK/ucm192109.htm
https://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/SurgeryandLifeSupport/LASIK/ucm192109.htm
http://dx.doi.org/10.1016/j.ajo.2007.09.010
http://dx.doi.org/10.1016/j.jcrs.2016.07.032
http://www.ncbi.nlm.nih.gov/pubmed/19370822
http://dx.doi.org/10.1016/j.jcrs.2013.03.037
http://dx.doi.org/10.1016/j.jcrs.2013.07.043
http://dx.doi.org/10.3928/1081597X-20120921-03
http://dx.doi.org/10.1016/j.ophtha.2011.01.053
http://dx.doi.org/10.1167/iovs.05-0458
http://dx.doi.org/10.3928/1081597X-20160926-01
http://dx.doi.org/10.3928/1081597X-20160926-01
http://dx.doi.org/10.1016/S0161-6420(02)01727-X
http://dx.doi.org/10.2147/OPTH.S37249
http://www.ncbi.nlm.nih.gov/pubmed/19044235
http://bjo.bmj.com/

	Eighteen-year prospective audit of LASIK outcomes for myopia in 53 731 eyes
	Abstract
	Introduction
	Methods
	Surgical technique
	Postoperative evaluation

	Results
	Efficacy
	Safety
	Predictability
	Retreatment rates
	Complications

	Discussion
	References


