Bahrain Medical Bulletin, Vol. 46, No. 3, September 2024

Incidence and Risk Factors of Refractive Regression following LASIK
Surgery: A Systematic Review and Meta-Analysis

Abdulrahman Alamri, MD* Rayan Mohammed S. Almugharrid, Medical Student** Mohammed Saced M Almousa, Medical
Student** Saud Qasem A Alshabab, Medical Student** Fahad Yahya Ahmed Mushari, Medical Student** Fawaz Naif M
AlQarni, Medical Student** Mohammed Abdulrahman H Ogran, Medical Student** Saif Tawfig M. Namri, Medical Student**

Abdulmohsin Mohammed S. Alzuhairi, Medical Student** Faris Hatem A. Hejazi

ABSTRACT

Background: laser in situ keratomileusis (LASIK) is a widely used technique for myopia. However, regression of
refraction is a common complication after long follow up periods. This study aims to evaluate the incidence and
risk factors of refractor regression after LASIK surgery.

Methods: A systematic search on four databases (PubMed, Cochrane, Web of Science, and Scopus) retrieved
all published articles till April 2024. The studies included if they were reported in English, assessing refractive
regression after LASIK. Meta-analysis was conducted using OpenMeta analyst using the random effect model
with 95% confidence interval (CI). Further meta regression analysis was conducted to test the correlation
between the mean regression and some risk factors like spherical equivalent and age.

Results: The search yielded seven articles with 327 participants of 482 eyes. The analysis included 127 males
and 159 females. The pooled analysis indicated significant regression occurs after refractive surgery P <0.001).
additionally, the analysis indicated the significant association between the mean regression and spherical
equivalent which mean that patients with higher degrees of myopia, more negative spherical equivalent, have
higher regression of their nearsightedness following LASIK.

Conclusion: This systematic review and meta-analysis is the first to provide comprehensive assessment of myopic
regression following LASIK surgery. Our analysis indicated a higher incidence of refractive regression following
LASIK. Also, the spherical equivalent is a significant risk factor for regression after long follow-up. Further
research with more standardized protocols, with control arm, and long follow-up periods are important to

investigate a wider range of risk factors that might increase the susceptibility of regression occurrence.
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INTRODUCTION

Globally, uncorrected refractive errors (REs) are considered the
primary cause of visual impairment, with an estimation of more than
2.3 billion suffering from REs, of whom 670 million are visually
impaired, 100 million with low vision and 67 million blind according
to the World Health Organization (WHO) report 2021 23 This term
refers to a set of visual conditions that are commonly associated with
myopia, hyperopia, astigmatism and presbyopia4. These conditions
affect the ability of the eye to focus light correctly on the retina,
leading to blurred or distorted vision * It can be corrected by glasses,
contact lenses or even doing surgery with laser-assisted subepithelial
keratectomy (LASEK) or laser-assisted in-situ keratomileusis (LASIK)
56 Laser has been used for decades to reshape the cornea and restore
normal sight and is considered one of the most common elective
procedure worldwide " # It involves creating a corneal flap to allow a
clear access before laser treatment of corneal stromal tissue which is
more superficial and epithelial in LASEK and thicker with the include
of some anterior stromal tissue in LASIK ¢

Garamendi et al. used the Quality of Life Impact of Refractive
Correction (QIRC) questionnaire to compare the quality of life (QoL)
between people who did surgery and those stayed with glasses or
lenses and found a greater improvement in favor of laser indicating

the greater impact it has °. Gomel et al. proves the efficacy and safety
of laser in myopia and correlates that with certain factors like younger
age, and low myopia !> Despite the many advantages it has including
efficacy, safety, quick visual recovery and patient satisfaction, frequent
refractive regression is also reported > It means the tendency of the
eye to regain partially or completely its previous refraction following a
period of maintaining the desired one "

Focusing on myopia or nearsightedness, the most prevalent RE with
1.4 billion people affection 3. It happens when the light falls in front
of the retina rather than on the retina itself causing distant objective
to be blurry ' It can be caused by genetic or environmental factors
14. The incidence of regression after myopic LASIK have been varied
between studies with a range of 5.5% to 27.7% '>'¢17. low to moderate
and high myopia is estimated to be associated with regression of 10%
and 30% of eyes undergoing LASIK, respectively '* . The exact
mechanism is still unclear but founding the corneal stroma clear along
with the time frame of refractive changes after the operation have led
the investigators to assume the involvement of corneal epithelium 2

Standing on the reality behind myopic regression is important for
improving this procedure which make an impact in the life of millions
of people. Conducting this study will provide the literature with up-to-
date information regarding this topic.
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METHODS

This study is reported based on the Cochrane Handbook of Systematic
Reviews on Interventions ! and adheres the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement
guidelines >

Search strategy

Our search included four electronic databases including PubMed,
Cochrane, Web of science and Scopus from inception until April
2024. We used the following search strategy: for PubMed ((LASIK
OR "laser" OR keratomileusis OR “Laser-Assisted Stromal in Situ
Keratomileusis”) AND (refractive regression)) No restrictions were
applied regarding language, time and study design, the search strategy
used in other databases are presented in supplementary file. To avoid
missing any study, manual search was done on databases.

Eligibility criteria

We included English studies in which; population: patients
diagnosed with refractive error and treated with laser-assisted in-
situ keratomileusis (LASIK); Outcome: mean refractive regression;
study design: observational studies including, cohort studies, case
control studies, and case series. Other study designs were excluded.
In contrast, non-English studies, case reports, conference proceeding
studies, studies in which surgery not LASIK, or studies not presenting
regression outcomes were excluded.

Screening and Study Selection

The retrieved articles were uploaded first to the Endnote software
for duplicate removal %, after that, Title and abstract screening were
performed on Rayyan website followed by full-text screening. Finally,
the retrieved articles are screened for full text for eligibility criteria.

Quality assessment

The risk of bias was assessed using the new castle Ottawa scale for
cohort and case control studies ** While case series studies were
evaluated using the JBI critical appraisal check list for case series 2

Data extraction

Summary of included studies and baseline characteristics of the
enrolled participants was extracted including: the study ID (last name
of'the first author and year of publication), study design, Excimer laser,
number of eyes, follow up years, sample size, age, Gender, spherical
equivalent D (D refers to diopter), sphere D and cylinder D.

Statistical analysis

We conducted our analysis using OpenMeta analyst software.
We applied the pooled mean with the random effect model and the
95% confidence interval (CI) for the outcome, which is continuous
variable, which is Mean regression of the refraction after LASIK and
the correlation of age, gender either male or female and spherical
equivalent was measured secondarily, Data were considered
statistically significant if the p-value was below 5%. Assessment of
statistical heterogenicity among the studies was done using the visual
inspection of the forest plot, I-squared and (I ?) and chi-squared (Chi?)
statistics. For heterogenous results, sensitivity analysis (leave-one-out
meta-analysis) were conducted in multiple scenarios, by excluding
different study in each scenario, if the heterogeneity was not solved,
meta-regression analysis was done to find any correlation between
any variable that could influence the results. Further meta regression
analysis was conducted to to test the assassinations between the mean
regression and spherical equivalent, gender, and age. All analysis and
its figures were generated by OpenMeta analyst software.

Results

Search and selection criteria

The search in the four databases revealed 2871 articles, 1355 records
out of them removed for duplicate. 1237 article excluded form total
of 1516 after title and abstract screening leaving 243 retrieved to full
text screening. Of those 243 records, seven studies included in the
systematic review and the meta-analysis. The selection process is
shown in detail in Figure 1.

[ Identification of studies via databases and registers }
Records identified from:
S| |+ PubMed (n=1055).
§ o Scopus (n=751). o Duplicate records removed
I o WOS (n=952). »  (n=1355).
iz «  Cochrane (n=113).
3
Total number (n=2871).
Records involvgd in itle and | Records excluded
abstract screening > n=1237)
(n=1516)
c
s
@ Ful texts assessed for eligibility. | Reports excluded: 236:
(n=243) " o Wrong study design (n = 137).
o Irrrelevant outcome (n = 86).
o Wrong patient (n=4).
— o Wrong intervention (n=8).
o Duplicate (n=1).
5 »  Studies included in review
3 (n=7)
2 »  Studies included in meta-
= analysis (n=7).

Figure 1. PRISMA flow diagram summarizing the selection process.

Summary of included studies and quality assessment.

We included seven studies with 327 participants of 482 eyes. The
analysis included 127 males and 159 females 26, 27, 28, 29, 30, 31, 32.
The majority of studies used the VISK 20/20 eximer laser while each
of MEL 60 and Keracor eximer laser was used in one study. The details
of included studies are shown in Table 1. The risk of bias assessment
of the included studies are described in detail in supplementary table
1 and 2.

Clinical outcomes

The pooled analysis of mean myopic regression was statistically
significant after LASIK surgery in the seven studied reporting it with the
following values (mean =-1.879; 95% CI: -2.725, -1.033; P <0.001), as
shown in (Figure 2). This indicates that patients experienced a return
of myopia (nearsightedness) after LASIK. A significant heterogeneity
was detected between the pooled studies (P <0.001; I* = 96.407). To
solve the heterogeneity, sensitivity analysis was conducted but did
not solve it. We observed the variation of pre-operative spherical
equivalent that may influence the results so, a meta-regression analysis
was conducted between them and was found to have a strong correlation
between spherical equivalent and mean regression P <0.001 as shown
in (Figure 4.a).

Further subgroup analysis based on the follow up was conducted.
For follow-up (three months to 10 years), The mean pooled mean in
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Studies Estimate (95% C.I.)
Alio 1 2008 -1.040 (-1.384, -0.696) — .
Alio 2 2008 -1.830 (-2.141, -1.519) ——
Alio 3 2009 -0.970 (-1.441, -0.499) —m—
Alio 4 2015 ~1.660 (-2.326, -0.994) — -
Ikeda 2017 -0.740 (-0.975, -0.505) -
Kymionis 2007 -1.140 (-2.127, -0.153) -
Orucoglu 2012 -6.080 (-6.917, -5.263) —HR——
Overall (I1*2=96.41 % , P< 0.001) -1.87% (-2.725, -1.033) e —
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Figure 2. Forest plot of mean myopic regression after LASIK surgery. This figure visualizes the pooled mean based on random effect model with
95% confidence interval (CI) Each horizontal line represents an individual study, and the Square represents the study's pooled mean. The size of
the square reflects the study's weight (typically based on sample size).

Studies Estimate (95% C.I.)

Alio 1 -1.040 (-1.384, -0.696) —-—

Alio 2 -1.830 (-2.141, -1.519) ——

Alio 3 -0.970 (-1.441, -0.499) —B—
Kymionis -1.140 (-2.127, -0.153) —_—
Subgroup follow up until 10 years (1*2=79.9 % , P=0.002) -1.273 (-1.774, -0.772) E—

Alio 4 -1.660 (-2.326, -0.994) ——

Ikeda -0.740 (-0.975, -0.505) E =
Orucoglu -6.090 (-6.917, -5.263) ———@&——

Subgroup follow up more than 10 years (1"2=98.67 % , P=0.000) -2.807 (-5.600, -0.014) ——
Overall (1"2=96.41 % , P=0.000) -1.879 (-2.725, -1.033) ey

Figure 3. Forest plot of subgroup analysis means myopic regression after LASIK surgery based on follow up points. The data in the top of graph
represents the data of studies of follow-up until 10 years, while data in the lower side of the graph represents the data of studies of follow up points
more than 10 years until 15 years. This figure visualizes the pooled mean based on random effect model with 95% confidence interval (CI) Each
horizontal line represents an individual study, and the Square represents the study's pooled mean. The size of the square reflects the study's weight
(typically based on sample size).

Table 1. Summary and baseline characteristics of included studies

. Age Gender, n (%) sph(.mcal sphere .
. Excimer Sample Follow up years, equivalent, cylinder D,
Study ID  Study design Eyes . D, mean
laser population years mean + D, mean mean + sd
+sd
sd Male Female 4 g¢gq
retrospective, 653+ 144+
Alio 2008  interventional ~ VISX 20/20 97 70 10 33.2+9.9 33(47) 36(51) -7.27+1.94 | éz | (')7
case series ’ '
retrospective
. . L 52 66 -13.95+ -13.10+ -1.70+
Alio 2008 mterven.tlonal VISX 2020 196 118 10 329+9.3 (44.06) (55.93) 2.79 283 1.09
case series
A retrospective
. ’ 2944+ 14 18 2770+ -1.10+
Alio 2009  control-matched VISX 20/20 34 32 10 6.8 (4375) (56.25) -8.30+ 1.21 123 0.79
study
Retrospective- 51.08 + 1037+ 947+ 179+
Alio 2015 prqspectlve case VISX 20/20 40 40 15 6.67 - - 319 396 1.10
series
Retrospective ~ VISX STAR 14 23
Tkeda 2017 Cohort 0 68 37 12 344+9.5 378) (632) -6.70 £2.52 - 0.76 £0.67
Kymionis  Retrospective 2 5 -12.96 +
2007 Cohort MEL 60 1 7 1 417265 (28.57) (71.42) 3.17 ) )
Orucoglu  Prospective 12 11 -20.38 £
2012 Cohort Keracor 3623 10t 15 - (52.17) (47.82) 5.16 - -
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Figure 4. The plots visualize the meta-regression analysis investigating the correlation between mean regression and a) spherical equivalent, b)
age, ¢) male, and d) female, across multiple studies included in the meta-analysis.
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regression was -1.273 diopters, with a statistically significant p-value
(p < 0.001). This indicates a significant average regression in this
group. (mean = -1.273; 95% CI: -1.774, -0.772; P <0.001), as shown
in (Figure 5).

For follow-up (> 10 years): The pooled mean was -2.807 diopters,
with a borderline significant p-value (p = 0.049). This suggests a
trend towards greater regression in patients followed for more than
10 years compared to the 3—10-year group (mean = -2.807; 95% CI:
-5.6, -0.014; P =0.049), as shown in (Figure 3). Overall, the analysis
strengthens the evidence for myopic regression after LASIK surgery,
with a possible link between the degree of regression and the length
of follow-up. However, the limitations of a single-arm analysis and
potential heterogeneity need further research with control group for a
more conclusive picture.

Table 1. summarizing the summary and baseline characteristics of
included studies. Quantitative data are presented in frequency and
percentages n (%), while quantitative data are presented in mean and
standard deviation mean (sd). D, Diopter.Risk factors

Spherical equivalent

There's a statistically significant correlation between pre-operative
spherical equivalent (a measure of myopia severity) and myopic
regression (0.333 -0.211, 0.455; P <0.001). This suggests that patients
with higher degrees of myopia might experience greater regression
after LASIK, as shown in (Figure 4.a).

Age and gender

The meta-regression analysis revealed that age and gender either male
or female are not statistically associated with the degree of myopic
regression in this analysis with the following values respectively
(0.022 -0.075, 0.03; P =0.398), (0.013 -0.075, 0.101; P =0.778) and
(0.019 -0.052, 0.09; P =0.598), as shown in (Figure 4.b,c,d).

DISCUSSION

In this systematic review and meta-analysis of observational studies
assessing the refractive regression after LASIK surgery, we found
significant regression occurs after long-follow-up to 10 years from the
time of surgery. Also, our analysis revealed the significant association
between pre-operative spherical equivalent and regression at which
the higher preoperative values play as a significant risk factor for
developing regression after surgery.

Regarding to our search, there is no previous literature examined
the regression after LASIK surgery, our study is the first of its kind
to investigate the regression after LASIK and potential risk factors
associated with refractive regression following LASIK. While there
in no prior research, existing research offers potential areas for
exploration, the existing analysis revealed that, patients with higher
degrees of myopia, more negative spherical equivalent, have higher
regression of their nearsightedness following LASIK. as

shown in Ikeda et al, 23! that included patients with mean spherical
equivalent -6.70 + 2.52 D which is the lowest spherical equivalent
among studies included as shown in (Table 1) resulted in -0.74 mean
regression after 12 year of follow up. In contrast, significant higher
myopic regression -6.09 resulted after 10 to 15 years of follow up
of patients having higher pre-operative spherical equivalent values
greater than -14 D (-20.38 + 5.16) as reported by Orugoglu et al, 32, This
association could be explained and supported by the corneal weakness
that induced by flap and corneal tissue ablation as reported by Khamar
et al, ** Additionally, multiple studies reported that the LASIK surgery
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can affect the biomechanical parameters of the cornea and affect its
strength depending on the degree of myopia and connective tissue
ablation 3%3%36, This finding highlights the importance of not choosing
patients with higher myopia for LASIK surgery due to the higher risk
of regression.

The current analysis revealed a negative association between myopic
regression and gender or Age, but these results are disputed. Zhou et
al, ¥ reported resulted differ from that findings, they found that female
patients have higher risk of myopic regression. The hormonal change
during menstrual cycle or during pregnancy may lead to variations in
the central corneal thickness and corneal biomechanical parameters 3*
This variation may make the cornea more susceptible to shape changes
after LASIK surgery. Additionally, Zhang et al * reported different
results from this study which indicated the susceptibility of refractive
regression with younger patients. It is important to acknowledge the
heterogeneity present in the current study. Variations were observed
among the included studies in demographics. The most important
variable is the pre-operative spherical equivalent that represents the
degree of myopia and we have previously explained how it impacts
the total effect estimate. Additionally, the age of patients included in
the current studies are not comparable as Alio et al, ?° included patients
with mean age of 51.08 = 6.67, which is older than rest of studies.
Variation in sample size was observed also, as the participants and
eye included for surgery was vary among studies. Overall, this meta-
analysis highlights the importance of considering spherical equivalent
and other risk factors that have higher susceptibility of developing
refractive regression.

As this first systematic review on regression following LASIK surgery,
all these potential cofounders and heterogeneity among studies may
influence the evidence and affect the generalizability of the results.
Also, the heterogeneity of included study resulted from the pooled
analysis and the heterogeneity of included studies regarding study
designs and follow-up durations necessitated the need for further
research with more restricted and standardized protocols. Additionally,
the absence of prior literature limits our ability to draw more definitive
conclusion. Additionally, the current evidence based on observational
studies limits the comparability with control arm which limits its
generalizability.

CONCLUSION

In conclusion, this systematic review and meta-analysis is the first to
provide comprehensive assessment of myopic regression following
LASIK surgery and identified significant factors influencing this
outcome. The current analysis indicated clear association between
pre-operative spherical equivalent and regression, patients with
spherical equivalent exceeding -14 D had the higher substantial
regression. The current study acknowledges the persistence of
limitations arising from heterogeneity among the includes studies.
Therefore, further research with more standardized protocols,
with control arm, and long follow-up periods are important to
investigate a wider range of risk factors that might increase the
susceptibility of regression occurrence.
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