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Purpose: To determine the long-term visual outcomes of simultaneous femtosecond laser-
assisted laser in situ keratomileusis (femto-LASIK) and accelerated cross-linking (CXL)
[LASIK Xtra] for the treatment of high myopia.

Patients and Methods: All 163 consecutive eyes of 85 patients who underwent LASIK
Xtra for the treatment of high myopia and/or myopic astigmatism (spherical equivalent >
—6.00 D) in Singapore National Eye Centre from the years 2013 to 2017 were included in
this retrospective case series. Post-operative follow-up was up to 3 years.

Results: Of the 163 eyes, 67 were followed up for 1 year (mean 12.9 months), 69 for 2 years
(mean 24.0 months) and 43 for 3 years (mean 36.4 months). Overall mean follow-up was
22.8 months (9—46 months). The mean pre-operative spherical equivalent (SE) was —8.60 +
1.47 D [range: —11.75 to —4.75] (n = 163) and mean attempted correction SE was —8.84 +
1.41 D [range: —11.88 to —5.25]. Most eyes (>95%) maintained an uncorrected distance
visual acuity of 6/12 or better over 3 years. Visual outcomes were predictable with >95% of
eyes achieving a SE correction within £+ 1D of attempted correction over 3 years. There was
a mild regression in SE refraction over 3 years with a mean of —0.10 £ 0.45 D three years
post-operatively (p = 0.03). The safety index was >1.05 at 3 years follow-up. There were no
significant post-operative complications though 24 eyes had mild haze and 2 eyes had grade
1 diffuse lamellar keratitis that resolved within 1 month.

Conclusion: Our 3-year LASIK Xtra results show favorable safety, efficacy, predictability
and stability outcomes in Asian patients with high myopia.

Keywords: LASIK Xtra, refractive surgery, cross-linking

Introduction
Laser in situ keratomileusis (LASIK), although a common and popular refractive
surgical procedure, can have rare but potentially sight-threatening complications
such as post-LASIK ectasia. Post-LASIK regression could also occur resulting in
the need for retreatment. The exact mechanism of post-LASIK ectasia is unknown
but it is postulated that the creation of a corneal flap during the LASIK procedure
may decrease corneal rigidity and weaken the corneal biomechanical structure,
increasing the chances of post-LASIK ectasia.'"

The first cases of post-LASIK ectasia were reported by Seiler et al in 1998.>*
Currently, the prevalence of post-LASIK ectasia ranges from 0.02% to 0.6%.%"
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Risk factors include thin corneas, pre-operative high myo-
pia or hyperopia and patients with abnormal topography
(such as forme fruste keratoconus).**® Corneal collagen
cross-linking (CXL) has been shown to prevent further
progression of keratoconus and post-LASIK ectasia.” "'
In recent times, however, the focus has shifted towards
the prevention of post-LASIK ectasia by performing
simultaneous LASIK and accelerated CXL (LASIK
Xtra). It has also been suggested that LASIK Xtra not
only has the potential to prevent post-LASIK ectasia but
could also reduce post-LASIK regression.'* !

As LASIK Xtra is a relatively new technique, literature
comparing its long-term safety and efficacy in the treatment
of myopia is limited, especially in the Asian population.'®
Kanellopoulos et al reported good safety and efficacy out-
comes in a case series of LASIK Xtra patients with an
average follow-up time of 3.5 years (1-4.5 years).'” In a two-
year comparative study, Kanellopoulos et al reported better
refractive and keratometric stability in patients with LASIK
Xtra as compared to LASIK in the treatment of myopia.'* Xu
et al performed a two-year follow-up case series which also
reported favourable outcomes.'® Other one-year follow-up
studies have also been reported.'® = Since post-LASIK ecta-
sia can occur from as early as 1 week to several years post-
LASIK,**** long-term studies on LASIK Xtra are important
to determine whether it is effective in the prevention of post-
LASIK ectasia.

Our study reports three-year data analysing the safety
and efficacy of LASIK Xtra in Asians with high myopia.
To the best of our knowledge, apart from Kanellopoulos
et al'” there have been no other reports with >3-year
follow-up in literature on the safety and efficacy of
LASIK Xtra in myopia.

Methodology

This is a retrospective clinical audit of 163 consecutive
eyes of 85 patients who underwent the LASIK Xtra pro-
cedure for the treatment of high myopia and/or myopic
astigmatism at the Laser Vision Centre, Singapore
National Eye Centre (SNEC) from November 2013 to
December 2017. High myopia was defined as greater
than —6.00 diopters (D) of spherical equivalent. Patients
were followed-up for up to a period of 3 years.
A comprehensive 100% clinical audit of all LASIK Xtra
cases in SNEC was performed independently by our
Clinical Audit Department. This study was exempted
from institutional review by the Singhealth Centralised

Institutional Review Board. All patient data complied
with Singhealth data protection privacy rules.

The following were the inclusion criteria for surgery: (1)
no contact lens wear prior to surgery for 1 week and 3 weeks
for soft contact lenses and rigid contact lenses, respectively;
(2) stable refractive error for 1 year before surgery; (3) normal
peripheral retina or after prophylactic treatment with photo-
coagulation; (4) no previous ocular surgery; (5) no corneal
diseases; (6) no glaucoma; (7) no history of ocular trauma. The
following patients were excluded from surgery: (1) corneal
topographic evidence of keratoconus or forme fruste kerato-
conus; (2) active ocular or systemic disease which may affect
corneal wound healing; (3) pregnant or lactating women; (4)
patients requiring monovision correction.

Pre-operative evaluation before LASIK Xtra surgery
included measurement of uncorrected distance visual
acuity (UDVA), best corrected visual acuity (BCVA), sub-
jective and cycloplegic refraction, slit lamp and fundal
examination, corneal topography (Orbscan II corneal topo-
graphy system [Bausch & Lomb Surgical, Orbtek Inc, Salt
Lake City, Utah, USA] and Pentacam HR [Oculus,
Germany]) and endothelial cell counts (ECC) (Konan
Medical Corporation, Hyogo, Japan).

Surgical Technique

LASIK Xtra procedures were performed by two ophthalmol-
ogists (LL and MR). Femto-LASIK was performed as per
normal, followed by the CXL procedure. The surgical steps
are as follows: (1) a 100—110um LASIK flap was created using
the IntraLase IFS femtosecond laser (Abbott Medical Optics,
Irvine, CA); (2) LASIK ablation was performed using
WaveLight EX500 (Alcon Laboratories, Fort Worth, TX),
wavefront optimised profile. The nomogram obtained from
the WaveLight EX500 was used and the refractive target was
plano to +0.5D; (3) the bare cornea stromal bed was soaked in
0.22% saline-diluted riboflavin solution (VibeX Xtra [Avedro,
Inc., Waltham, MA, USA]) for 45 seconds with special care
taken to prevent contact of the riboflavin with the LASIK flap;
(4) the cornea stromal bed was subsequently irrigated to
remove residual riboflavin and the LASIK flap was carefully
repositioned; (5) a UVA fluence of 30 mW/cm? was then
applied for 46 seconds, total energy 1.4 J/lem® (KXL® CXL
system [Avedro, Inc., Waltham, MA, USA]). These irradiation
parameters were previously used in another study and were
also recommended by Avedro;*° (6) a bandage contact lens
was placed at the end of the procedure and the following
topical medications were instituted: topical moxifloxacin
(Vi igam0x®, Alcon Laboratories, Inc, Fort Worth, TX, USA),
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dexamethasone  phosphate  0.1%  (Maxidex®, Alcon
Laboratories, Inc, Fort Worth, TX, USA) for a week and
hypromellose 0.3% and dextran 0.1% (Tears Naturale Free®,
Alcon Laboratories, Fort Worth, TX, USA) for 1 to 2 months.

Statistical Analysis

The efficacy, predictability and safety of LASIK Xtra were
evaluated. The following measures were used to determine
efficacy: (1) the proportion of cases that achieved a UDVA
of 20/40 or better; (2) the proportion of cases that achieved
a UDVA of 20/20 or better; (3) the efficacy index (post-
operative UDVA/preoperative BCVA). For predictability,
the proportion of cases within 1.0D and within 0.5D of the
refractive aim was calculated. The safety of LASIK Xtra
was evaluated with the following measures: (1) presence
of intra-operative and post-operative complications; (2) the
proportion of cases with improved or unchanged post-
operative BCVA compared to pre-operative BCVA; (3)
the safety index (post-operative BCVA/pre-operative
BCVA).

Descriptive statistics for estimates were presented as
mean, standard deviation, and range (min-max) for con-
tinuous variables. For categorical variables, estimates were
described for frequency, percentage and 95% confidence
intervals of the percentage. For continuous variables, the
one way-ANOVA test was used to make group compar-
isons. For categorical variables, we used Chi—Squared test,
Fisher’s Exact test, as well as pair-wise McNemar test
evaluations. Statistical significance was set at <0.05.
SPSS version 24.0 was used for the statistical analysis
(Released 2016. IBM SPSS Statistics for Windows.
Armonk, NY: IBM Corp. USA).

Results

Baseline Characteristics

Between the years 2013 to 2017, 163 eyes of 85 patients
underwent LASIK Xtra performed by 2 surgeons (LL and
MR) at SNEC for the treatment of high myopia. 67 eyes were

followed up for 1 year (9—16 months, mean 12.9 months), 69
eyes for 2 years (18-30 months, mean 24.0 months) and 43
eyes for 3 years (28—46 months, mean 36.4 months). Overall
mean follow-up was 22.8 months (9—46 months). The mean
age of the patients was 29 + 6 years (range: 21-46 years) and
54 patients (63% of total) were female. The majority of the
patients (n = 65, 77%) were Chinese, 7% were Malay, 3%
were Indian and 13% were of other races. The mean pre-
operative SE was —8.60 = 1.47 D (n = 163) and mean
attempted correction SE was —8.84 + 1.41 D.

Efficacy

Overall, LASIK Xtra was effective in treating high myopia
as evidenced by good post-operative uncorrected distance
visual acuity (UDVA). Over 3 years, most eyes (>95%)
maintained a UDVA of 6/12 or better and >65% of eyes
maintained a UDVA of 6/6 or better. Specifically, 98.5% of
eyes achieved a UDVA of 6/12 or better at 1 year follow-
up, 95.4% at 2 years follow-up and 97.7% at 3 years
follow-up. 71.6% of eyes achieved a UDVA of 6/6 or
better at 1 year follow-up, 73.8% at 2 years follow-up
and 65.1% at 3 years follow-up. There was no statistically
significant difference between the percentage of eyes that
achieved a UDVA of 6/12 (p = 0.64, one way ANOVA
test) or 6/6 (p = 0.63, one way ANOVA test) at 1, 2 or
3-year follow-up. The efficacy index remained close to 1
throughout all 3 years of follow-up: 0.95 at 1 year follow-
up, 0.97 at 2 years follow-up and 0.92 at 3 years follow-up
(Table 1; Figure 1).

Predictability

More than 95% of eyes achieved an SE correction within +
1D of attempted correction. 95.2% achieved an SE correc-
tion within + 1D of attempted correction at 1 year follow-
up, 95.2% at 2 years follow-up and 97.7% at 3 years
follow-up. 85.5% achieved an SE correction within =+
0.5D of attempted correction at 1 year follow-up, 90.8%
at 2 years follow-up and 83.3% at 3 years follow-up. There
was no statistically significant difference between the

Table | Postoperative Uncorrected Distance Visual Acuity (UDVA) and Efficacy Index

I Year Post-op | Year (n=67) | 2 Years Post-op 3 Years Post-op p-value*
(n=65) (n=43)

% of eyes with UDVA of 6/12 or better, % (95% Cl) | 98.5 (91.3, 99.9) 95.4 (86.7, 98.9) 97.7 (86.8, 99.9) 0.643

% of eyes had UDVA of 6/6 or better, % (95% CI) | 71.6 (59.9, 81.1) 73.8 (61.9, 83.1) 65.1 (50.1, 77.6) 0.629

Efficacy Index mean SD 0.95 +0.18 0.97 + 0.24 092 £0.19 0.391
Notes: *p values calculated using Fisher’s Exact test for UDVA and one way ANOVA for efficacy index.
Abbreviations: post-op, postoperatively; UDVA, uncorrected distance visual acuity; Cl, confidence interval; SD, standard deviation.
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Figure | Bar chart showing the percentage of eyes with uncorrected distance visual acuities (UDVA) pre-operatively and up to 3 years post-operatively.

percentage of eyes that achieved an SE correction within +
1D or £ 0.5D at 1, 2 or 3-year follow-up (p values: 0.54
[for + 1D], 0.48 [for £ 0.5D]). (Table 2; Figure 2)

Stability

There was a mild regression in SE refraction over 3 years
post-operatively with a mean of 0.14 = 0.43 D (1 year
post-operatively), 0.07 £ 0.40 D (2 years post-operatively)
and —0.10 £ 0.45 D (3 years post-operatively). There was
an overall statistically significant difference between the
post-operative SE refraction over 3 years (p value = 0.03,
one way ANOVA). Pairwise analysis showed that the
statistically significant difference was between post-
operative year 1 and year 3 (p value = 0.03, adjusted
Bonferroni correction) (Table 3; Figure 3)

Safety

The safety index of the LASIK Xtra procedure was 1.13 at
1 year follow-up, 1.12 at 2 years follow-up and 1.07 at 3
years follow-up. Post-operatively, 3 cases (4.9%) had
a drop in BCVA of 1 Snellen line from 6/4.5 to 6/6 at
1 year. Two cases (2.9%) had a drop in BCVA of | Snellen

- = - N - n
® 3 S H El £ 8

Achieved correction (Diopters)

* Post-op 1year (n = 62)
* Post-op 2 years (n = 65)
4 Post-op 3 years (n = 42)

Attempted correction (Diopters)

Figure 2 Graph showing the correlation between the attempted and achieved
spherical equivalent (SE) corrections.

line while 1 case (1.5%) had a drop in BCVA of 2 Snellen
lines at 2 years. Two cases (4.8%) had a drop in BCVA of
1 Snellen line 3 years post-operatively. (Figure 4) No
significant intra or post-operative complications were
observed in the LASIK Xtra patients. There was the pre-
sence of mild post-operative haze in 24 eyes (14.7%) but
this resolved within 12 months. Grade 1 diffuse lamellar

Table 2 Percentage of Eyes with Spherical Equivalent (SE) Within + 1D and % 0.5D of Attempted Correction

I Year Post-op
(n=62)

2 Years Post-op
(n=65)

3 Years Post-op
(n=42)

p-value*

% of eyes with SE within £ 1D of attempted correction, % (95% CI)
% of eyes with SE within * 0.5D of attempted correction, %
(95% Cl)

95.2 (86.2, 98.9)
85.5 (74.4, 92.4)

95.4 (86.7, 98.9)
90.8 (80.9, 96.0)

97.7 (86.8, 99.9)
83.3 (69.1, 92.0)

0.542
0.478

Note: *p values calculated using Fisher’s Exact test.

Abbreviations: post-op, postoperatively; SE, spherical equivalent; D, diopters; Cl, confidence interval.
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Table 3 Preoperative and Postoperative Mean Spherical Equivalent (SE)
Pre-op Attempted Correction I Year Post-op 2 Years Post- 3 Years Post- p-value*
(n=163) (n=163) (n=62) op op
(n=65) (n=42)
MeanSE+SD,D | —8.60 £ 1.47 —-8.84 £ |41 0.14 + 0.46 0.07 + 0.40 —0.10 £ 0.45 0.029
Range, D —11.75 to —11.88 to —5.25 —1.63 to 1.50 —1.50 to 0.88 —1.50 to 0.75 -
—4.75

Notes: *p values calculated using one way ANOVA test comparing between |, 2 and 3-year post-operatively (pairwise analysis showed a statistical significance between

post-operative year | and year 3 [p = 0.026, adjusted Bonferroni correction]).

Abbreviations: pre-op, preoperatively; post-op, postoperatively; SE, spherical equivalent; SD, standard deviation; D, diopters; Cl, confidence interval.

keratitis (DLK) that resolved within 1 month post-
operatively was observed in 2 eyes. Postoperative mean
endothelial cell counts (ECC) were not significantly dif-
ferent from preoperative ECC (preoperative ECC = 2968.9
+313.3, n = 145, postoperative ECC =2945.4 £ 414.0,n =
84, 3—16 months post-operatively) (p value = 0.925, non-
parametric Wilcoxon Signed Ranks test).

Discussion

Our results show that LASIK Xtra has good efficacy,
predictability, stability and safety outcomes over a 3-year
follow-up period. Our findings are similar to other studies
done on LASIK Xtra. To date, there are 8 published
studies with >1 year follow-up on LASIK Xtra for myopia,
6 of which are comparative studies and 2 of which are case
series.'*!7?* In the previous studies, the mean SE was —4
to —7.5D. The cross-linking settings during the LASIK
Xtra procedure varied with UV power ranging from 9 to
30mW, riboflavin soak times from 1 to 2 mins and ribo-
flavin concentrations from 0.1 to 0.25%. In 1 and 2 year
comparative studies by Kanellopoulos et al, statistically
significant reductions in refractive shift and increases in

Mean +/- Spherical Equivalent Refraction (D)

Pre-operatively 1 year post-op 2 years post-op 3 years post-op

Time After Surgery (years)

Figure 3 Graph showing the stability of mean spherical equivalent (SE) refraction
post LASIK Xtra over 3 years of follow-up.

keratometric stability were found in LASIK Xtra patients
as compared to LASIK-only patients.'**' In the 2-year
randomised comparative study by Kanellopoulos et al,
93.8% of patients in the LASIK Xtra group achieved
a UDVA of 20/20 or better while only 84.9% of LASIK-
only patients achieved this (p = 0.045).'* The lower effi-
cacy observed in our study (71.6% of patients achieving
a UDVA of 6/6) could be explained by the higher myopia
present in our study population (mean pre-operative SE:
—8.60 £ 1.47 D) as compared to Kanellopoulos et al (mean
pre-operative SE: —6.67 + 2.14 D)."* The keratometric
stability in Kanellopoulos et al was also better in the
LASIK Xtra group, with no forward shift as compared to
the LASIK-only group (p = 0.032).'"* As for the predict-
ability reported in Kanellopoulos et al, 84.6% of LASIK
Xtra patients achieved an SE correction within + 0.5D of
attempted correction whereas 81.3% of LASIK-only
patients achieved this (p = 0.0754)."* This predictability
is similar to our study where 83.3% of LASIK Xtra
patients achieved an SE correction within £ 0.5D of
attempted correction at 3 years follow-up.

However, in 1 year comparative studies by Tomita et al
and Seiler et al, no significant differences between the 2
groups were observed.?’** None of the studies reported
any significant adverse events associated with LASIK Xtra
for myopia such as ectasia or significant regression. In the
1 year comparative study by Seiler et al, patients with an
ectasia score of 3 to 6 were recruited and a higher pre-
valence of transient diffuse lamellar keratitis (DLK) was
observed in the LASIK Xtra group even though the ribo-
flavin used was dextran free.?’

A one-year prospective randomized trial by Kohnen
et al compared between femto-LASIK with combined
accelerated CXL versus femto-LASIK alone in patients
with high myopia and showed that while apparently safe,
LASIK Xtra showed no advantages over conventional
LASIK.?®> Both groups showed no difference in UDVA

Clinical Ophthalmology 2020:14
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Figure 4 Bar chart showing the percentage of eyes that had changes in Snellen lines of best corrected visual acuity (BCVA) over 3 years of follow-up.

and refractive stability and no signs of keratectasia 1 year
post-operatively. >

Our 3-year LASIK Xtra results showed a statistically
significant mild myopic regression from a mean SE of
+0.14D at 1 year follow up to a mean of —0.1D at 3
years follow-up. In comparison, studies on patients with
high myopia who underwent LASIK-only procedures
reported a higher incidence and amplitude of myopic
regression over time. In 4 cohort studies, the average
LASIK retreatment rate was 12%.%7>° However, when
LASIK is used to treat high myopia, the retreatment rate
went up to 30%.%"*? In a 10-year follow-up study by Alio
et al on patients with LASIK treatment for high myopia
(mean pre-operative spherical equivalent of —13.95 =+
2.79D, range —10.00 to —24.50D), myopic regression in
patients who did not undergo retreatment was —0.25 +
0.18D per year.”® Predictability was relatively poor with
only 42% of patients achieving correction of within + 1D
of attempted correction. Only 40% showed a post-
operative UDVA of 20/40 or better.”® In contrast, our
study showed a predictability of 83.3% of LASIK Xtra
patients achieving an SE correction within + 0.5D of
attempted correction at 3 years followup and 97.7% of
eyes achieving UDVA of 6/12 at 3 years follow-up.

The improved refractive and keratometric stability seen
could be explained by the creation of additional chemical
bonds between the collagen fibres of the corneal stroma

during the CXL procedure, thereby improving the

biomechanical stability of the cornea.*>** A

possible
explanation for reduced myopic regression rates seen in
LASIK Xtra could be due to reduced epithelial hyperplasia
seen in LASIK Xtra as compared to LASIK-only. In
a study done on LASIK patients with high myopia
(attempted SE correction: —8.50 to —12.25D), Spadea
et al found a negative correlation between epithelium
thickness and post-operative manifest refraction, indicat-
ing that increased epithelial thickness has a role in myopic
regression.>> Kanellopoulos et al found a positive correla-
tion between increase in post-operative epithelial thickness
and SE myopic correction, indicating a greater epithelial
thickness increase with a greater amount of myopic
ablation.*® This could explain the higher regression and
retreatment rates seen in highly myopic patients.*'? In
another study done on matched highly myopic patients,
Kanellopoulos et al found reduced epithelial increase in
LASIK Xtra as compared to LASIK-only, suggesting
a possible mechanism for the reduction in regression
seen in LASIK Xtra.*’

Of all the published studies with >1 year follow up,
only 1 case series had a follow-up of more than 2
years. Kanellopoulos et al performed a consecutive
case series of 43 patients with an average of 42 months
(range: 12-54 months) follow-up.'” Apart from
Kanellopoulos et al'” our study is currently the longest
follow-up study of LASIK Xtra patients with up to 3

years of follow-up.
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When CXL was first developed, the Dresden protocol with
a UV-A irradiation of 3mW/cm? for 30 minutes (5.4J/cm?)
used.”®

Reciprocity, the biological effect of the UV light is propor-

was Following the Bunsen-Roscoe Law of
tionate to the total energy delivered to the tissue regardless of
irradiance level and time.*® In order to shorten the time of UV
irradiation, accelerated CXL techniques have been developed
with irradiation ranging from 7mW/cm?® in 15 minutes to
30mW/cm? for 3 minutes while maintaining a total energy
exposure of 5.4J/cm>***! For LASIK Xtra, however, total UV
energy exposure varies from as low as 1.4J/cm? to as high as
5.41/em* 142 Since CXL is used as a form of prophylaxis in
LASIK Xtra rather than therapeutic treatment, most studies
use a lower total UV energy exposure as compared to kerato-
conus treatment. Our study demonstrates that although a lower
UVA energy of 1.4 J/em® (UVA fluence of 30 mW/cm?, 46
seconds duration) was utilized compared with the other
LASIK Xtra studies with >1 year follow-up with UVA energy
utilization ranging from 1.8-5.4J/cm?, it had similar refractive
stability and reduced myopic regression to the other studies.
This suggests that a low UVA energy of 1.4 J/cm® may be
sufficient for the purpose of achieving refractive stability for
high myopia treatment without inducing a hyperopic shift over
time. Further long-term studies would be useful in evaluating
optimal UV irradiation settings for LASIK Xtra.

The limitations of our study are: it is a retrospective
clinical audit and not a comparative study; it has
a relatively high number of patients lost to follow-up and
that corneal biomechanical properties are not measured in
our study. Our study also did not address the question of
whether LASIK Xtra is effective in preventing or reducing
the incidence of post LASIK ectasia. Further long-term
comparative studies would be required to determine if
LASIK Xtra is able to prevent or reduce the incidence of
post-LASIK ectasia.

In conclusion, LASIK Xtra showed favorable efficacy,
predictability, stability and safety outcomes in an Asian
population with high myopia over a 3-year follow-up
period. Further long-term comparative studies with larger
sample sizes would be useful for continued evaluations of
the clinical outcomes of this procedure.
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