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Abstract

:

This multi-center cohort study included 3401 myopic laser in situ keratomileusis (LASIK) procedures conducted in 1756 myopia patients between 2002 and 2005. Pre- and postoperative uncorrected visual acuity (UCVA), best corrected visual acuity (BCVA), and manifest refraction spherical equivalent (SE) were recorded. Factors predicting low postoperative efficacy (defined as a postoperative UCVA < 0.5) were identified using univariate and multivariate logistic regression analysis. Compared with 1 month postoperatively, logMAR UCVA at 3 months postoperatively was significantly decreased (p = 0.002) and that at 2 and 3 years was significantly increased (p < 0.001). LogMAR BCVA at 2 years postoperatively was significantly decreased compared with 1 month postoperatively (p = 0.008). Over the 3-year postoperative period, overall refractive predictability within ±1.00 D and ±0.50 D ranged from 69.0% to 86.2% and from 43.3% to 67.8%, respectively. This also decreased from 1 month to 6 months postoperatively (p < 0.005). Multivariate logistic regression analysis using generalized estimating equations, revealed that higher preoperative SE (odds ratio [OR], 2.58 and 7.23; p < 0.001) and lower preoperative BCVA (OR, 2.44; p = 0.003) were predictive of a low postoperative efficacy. In summary, myopic LASIK can be effective and safe with a high refractive predictability in a Korean population, but myopic regression occurs over time. Higher preoperative SE and lower preoperative BCVA are predictive of a low postoperative efficacy.
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1. Introduction


Laser in situ keratomileusis (LASIK) was first introduced by Pallikaris et al. [1]. Since it was found to be highly effective and safe, resulting in a rapid vision recovery, and was associated with marginal patient discomfort, LASIK became the most common ophthalmic surgical procedure used worldwide [2,3,4,5,6]. Notably however, it involves a relatively long learning curve and is associated with the risk of flap-related complications such as free cap, incomplete flap, buttonholes, epithelial ingrowth, lost flaps, and deep lamellar keratitis [7,8,9,10,11,12].



In the initial LASIK case series in Korea reported in 1997, a nasal corneal flap of 130 or 160 µm in thickness was created using a mechanical microkeratome and ablation was performed with an MEL60 laser (Aesculap-Meditec, Germany) [13,14]. Previously, 100,000 LASIK surgeries were estimated to be performed in Korea every year. However, there has been a paucity of multi-center cohort studies of postoperative outcomes and complications of LASIK in Korean patients. Moreover, to our knowledge, the efficacy, safety, and predictability of LASIK has not been previously investigated in such a large series of Korean patients. We therefore conducted such analyses in a 2002–2005 Korean refractive surgery case series that had been followed up for three years. As we used the same cohort database, this study was an addendum of the prior study of Na et al. which showed that LASIK and surface ablation produced similar postoperative visual efficacy after corneal healing and that although the outcome predictability did not differ between the two procedures, myopic regression was observed more frequently in the surface ablation group [15]. The aim of the current study is to investigate the efficacy, safety, and predictability of LASIK using multi-center cohort data that included 3401 LASIK procedures conducted in 1756 myopia patients between 2002 and 2005.




2. Materials and Methods


The study samples were obtained from six ophthalmology centers, namely the Catholic University of Korea, the Yonsei University College of Medicine, the University of Ulsan College of Medicine (Asan Medical Center), the Seoul National University College of Medicine, the Inje University College of Medicine, and the B&VIIT Eye Center. The Institutional Review Board of each institute approved the study protocols (2009–0567).



The National Evidence-based Healthcare Collaborating Agency (NECA) reviewed the charts of 5109 eyes that underwent LASIK or surface ablation (including laser epithelial keratomileusis (LASEK), epi-LASIK, and photorefractive keratotectomy (PRK)) between 2002 and 2005. Inclusion criteria for the present study were as follows: (i) age 19–45 years, and (ii) presence of myopia with a manifest refraction spherical equivalent (MRSE) between −1.00 and −15.00 diopters (D). Patients were excluded from the analyses if they had previous ocular or intraocular surgery, evidence of acute or chronic corneal infection, corneal inflammation, glaucoma, amblyopia, retinal detachment, diabetic retinopathy, macular degeneration, or neuro-ophthalmic disease. A standardized case report form (CRF) was established for each patient, on which an experienced NECA investigator collected the following data from the medical chart: (1) preoperative data including age, sex, previous medical and surgical history, uncorrected visual acuity (UCVA), best corrected visual acuity (BCVA), manifest and cycloplegic refractions, slit-lamp examination, fundus examination, keratometry, intraocular pressure (IOP), pupil size, central corneal thickness (CCT), anterior chamber depth (ACD), white to white diameter measured with the corneal topography (ORBscan II; Bausch & Lomb, Inc., Rochester, NY), Schirmer test, and tear breakup time (TBUT); (2) surgical data including excimer laser and surgical type (LASIK, LASEK, PRK or epi-LASIK), hinge position, flap thickness and size, laser ablation time and depth, and postoperative eye-drops; (3) postoperative data including refractive error, UCVA, BCVA, IOP, CCT, keratometry, corneal topography, Schirmer test, and TBUT. The postoperative data were obtained at 1, 3, and 6 months and 1, 2, and 3 years. Of the original cohort of 5109 eyes (2638 patients), the 3401 eyes (1756 patients) that underwent LASIK were included in our current analyses.



The efficacy and safety indexes were calculated as follows: efficacy index = (postoperative UCVA/preoperative BCVA); safety index = (postoperative BCVA/preoperative BCVA). To ascertain the predictability of LASIK, the postoperative spherical equivalent (SE), topographical cylinder, and the frequencies of postoperative SE within ±0.50 D and ±1.00 D were investigated at all follow-up visits. The incidences of intraoperative and postoperative complications (including incomplete flap, buttonhole flap, epithelial ingrowth, retreatment, keratoectasia, dry eye syndrome, infectious keratitis, and corneal opacity) were determined. Keratoectasia was defined as an inferior topographic steepening of ≥5.0 D compared to the immediate postoperative appearance, the loss of two or more Snellen lines of UCVA, and a change in the manifest refraction of ≥2 D in either sphere or cylinder [16]. The presence or absence of corneal opacity was determined by slit-lamp microscopy performed at any follow-up visit.



In the present study, along with efficacy and safety indices, low postoperative efficacy was also defined as a postoperative UCVA that was poorer than 0.5 at any follow-up visit. Patient variables including age, preoperative IOP, SE, BCVA, CCT, and topography were analyzed for lower postoperative efficacy. Age and preoperative IOP, SE, and CCT were analyzed for postoperative corneal opacity. The cases were divided into three groups by age (≤29 years, 30–39 years, and ≥40 years) and were also stratified according to the level of preoperative myopia, i.e., low (preoperative SE < −6.00 D), moderate (preoperative SE between −6.00 D and −10.00 D), and high (preoperative SE > −10.00 D), and the preoperative topography, i.e., >43 D, 41–43 D, and <41 D. The subjects were further classified into two groups in accordance with preoperative intraocular pressure (<15 mmHg or ≥15 mmHg), preoperative logMAR BCVA (≤0 and >0), and preoperative CCT (≥500 µm and <500 µm).



2.1. LASIK Procedure Parameters


Table 1 showed the intraoperative parameters of LASIK procedures conducted in 3401 myopic eyes between 2002 and 2005. The B&L XP (Bausch & Lomb Surgical, Inc., Rochester, NY, USA), Moria M2 (Moria, Inc., Doylestown, PA, USA), Automated Corneal Shaper (ACS; Chiron Vision, Irvine, CA, USA) microkeratome, or the IntraLase femtosecond laser (Abbott Medical Optics, Inc., Santa Ana, CA, USA), was used to cut an anterior corneal flap of 8.5–9.75 mm in diameter which was superiorly-, nasally-, or temporally-hinged. A VISX 20/20 (Abbott Medical Optics, Inc., Santa Ana, CA, USA), Zioptix (Bausch & Lomb Surgical, Inc., Rochester, NY, USA), MEL80 (Carl Zeiss Meditec, Inc., Jena, Germany), or Allegretto (Alcon Laboratories, Inc., Fort Worth, TX, USA) excimer laser system was then used to ablate the stroma.




2.2. Statistical Analysis


The Kolmogorov-Smirnov test was used to confirm the normality of the data. Univariate and multivariate analyses using generalized estimating equations were subsequently performed to identify predictive factors for the low efficacy of the LASIK operation and postoperative corneal opacity. ANOVA was performed to compare the three myopia groups in terms of UCVA, efficacy index, BCVA, safety index, and topographical cylinder. The Chi-square test was used to compare the three myopia groups in terms of the percentage of eyes within ±0.50 D and ±1.00 D and the percentage of eyes with postoperative UCVA ≥ 20/40, 20/30, and 20/20. Correction for multiple comparisons between more than three groups was performed using Bonferroni adjustment. The statistical analyses were conducted using the SPSS® program (version 25.0; IBM SPSS, Inc., Chicago, IL, USA) and the SAS program (version 9.1; SAS Institute, Inc., Cary, NC, USA). The level of significance was set at p < 0.05.





3. Results


A total of 3401 eyes of 1756 patients were analyzed in this study. The mean age of the patients at the time of LASIK surgery was 28.25 ± 6.24 years. There were 1297 females (73.9%) and 459 males. Table 2 lists the preoperative characteristics of the patients.



The overall logMAR UCVA was 1.02 ± 0.35 preoperatively. At 1 month, 3 months, 6-months, 1 year, 2 years, and 3 years postoperatively, this value was 0.02 ± 0.12, 0.02 ± 0.13, 0.03 ± 0.12, 0.03 ± 0.13, 0.05 ± 0.13, and 0.05 ± 0.14, respectively. Compared with the overall UCVA at 1 month postoperatively, that at 3 months was significantly decreased (p = 0.002), but that at 2 and 3 years postoperatively had significantly increased (p < 0.001).



Figure 1 shows the overall incidences of postoperative UCVA ≥ 20/40, ≥20/30, and ≥20/20. At 1, 3, and 6 months, and 1, 2, and 3 years postoperatively, the overall efficacy index was 1.00 ± 0.29, 1.00 ± 0.36, 0.99 ± 0.25, and 1.00 ± 0.49, 0.98 ± 0.65, and 0.93 ± 0.25, respectively. A UCVA ≥ 20/40 had a significantly higher incidence at 1 month postoperatively than at 3 months postoperatively (all p < 0.005). Similarly, the overall postoperative UCVA ≥20/40 incidence was significantly higher at 1 and 3 months than at 6 months (all p < 0.005). This was also true for a UCVA ≥ 20/30 and 20/20 (all p < 0.005).



At 1, 3, and 6 months, and 1, 2, and 3 years postoperatively, overall logMAR BCVA was 0.02 ± 0.05, 0.02 ± 0.13, 0.03 ± 0.12, and 0.03 ± 0.13, 0.05 ± 0.13, and 0.05 ± 0.14, respectively. At the same time points, the overall safety index was 1.00 ± 0.22, 1.01 ± 0.26, 1.00 ± 0.11, and 1.02 ± 0.37, 1.05 ± 0.54, and 1.00 ± 0.11, respectively. The BCVA at 2 years postoperatively was significantly decreased compared with 1 month postoperatively (p = 0.008). Table 3 lists the type and incidence of LASIK-related complications. At 1 month postoperatively, 20 of 3401 eyes (0.6%) exhibited overcorrection, and 300 eyes (8.8%) exhibited undercorrection. Intraoperatively, an incomplete flap was found in four eyes (0.1%) and a buttonhole flap was detected in one eye. Postoperatively, epithelial ingrowth was observed in five eyes (0.1%). Re-treatment with laser ablation (enhancement) was performed in 23 eyes (0.7%). Furthermore, dry eye syndrome was found in 38 eyes (1.1%), infectious keratitis was observed in two eyes (0.1%), and corneal opacity was detected in 29 eyes (0.9%).



At 1, 3, and 6 months, and 1, 2, and 3 years postoperatively, SE was −0.31 ± 0.70, −0.46 ± 0.70, −0.55 ± 0.68, and −0.62 ± 0.66, −0.67 ± 0.64, and −0.72 ± 0.63, respectively. Compared with 1 month postoperatively, the SE values at 3 and 6 months, and 1, 2, and 3 years postoperatively were significantly decreased (all p < 0.001). Figure 2A shows the distribution of the postoperative SE at 3 months and 3 years postoperatively. The overall topographical cylinder was 1.40 ± 0.76 D preoperatively. At 1, 3, and 6 months, and 1, 2, and 3 years postoperatively, topographical cylinder was 1.06 ± 0.51 D, 1.06 ± 0.56 D, 1.05 ± 0.64 D, and 1.07 ± 0.56 D, 0.94 ± 0.47 D, and 1.02 ± 0.51 D, respectively. There were no significant differences between the topographical cylinder preoperatively and at any of the postoperative periods. During the 3-year follow-up period, the overall refractive predictability within ±1.00 D and ±0.50 D ranged from 69.0% to 86.2% and from 43.3% to 67.8%, respectively (Figure 2B). The overall refractive predictability within ±1.00 D and ±0.50 D decreased significantly from 1 to 6 months after the LASIK procedure (all p < 0.005).



Univariate logistic regression analysis revealed that predictive factors for a low efficacy of LASIK included an age over 40 years (odds ratio [OR], 2.45; 95% confidence interval [CI], 1.21–4.94; p = 0.010; Table 4), a higher preoperative IOP (OR, 1.89; 95% CI, 1.09–3.27; p = 0.020), a higher preoperative SE (OR, 2.92 and 9.90; 95% CI, 1.76–4.86 and 4.10–23.91; all p < 0.001), and a lower preoperative logMAR BCVA (OR, 3.55; 95% CI, 2.06–6.14; p < 0.001). Furthermore, multivariate logistic regression analysis indicated that a low postoperative efficacy could be predicted by a higher preoperative SE (OR, 2.58 and 7.23; 95% CI, 1.53–4.33 and 2.74–19.11; all p < 0.001) and a lower preoperative logMAR BCVA (OR, 2.44; 95% CI, 1.37–4.37; p = 0.003; Table 5).



In terms of postoperative corneal opacity, univariate logistic regression analysis revealed that predictive factors for postoperative corneal opacity included a higher preoperative IOP (OR, 6.75; 95% CI, 1.59–28.57; p = 0.010) and a lower preoperative CCT (OR, 4.67; 95% CI, 1.73–12.63; p = 0.002; Table 6). In addition, postoperative corneal opacity was predicted by a higher preoperative IOP (OR, 8.49; 95% CI, 1.86–38.74; p = 0.006) and a lower preoperative CCT (OR, 7.36; 95% CI, 2.65–20.45; p < 0.001) according to multivariate logistic regression analysis (Table 7).



Since a lower preoperative SE was predictive of low postoperative efficacy, the eyes among our current study cohort were divided into three groups in accordance with the level of preoperative myopia. These three groups were then compared with regard to different variables. Figure 3 shows the preoperative and postoperative UCVA for these groups and how it changed between 1 month and 3 years after LASIK. The low myopia group had a significantly higher preoperative UCVA and also significantly higher UCVA values between 6 months and 3 years after LASIK than the other two groups. At 1 and 3 months postoperatively, there was a significant difference in UCVA among the three myopia groups. The severity of myopia at 1 and 3 months post-surgery correlated with a low postoperative UCVA.



Figure 4 shows the incidences of a UCVA of ≥20/40, ≥20/30, and ≥20/20 in the three myopia groups during the postoperative period. In terms of the incidence of UCVA of ≥20/40, the three groups only differed significantly at 1 month postoperatively (p < 0.010; Figure 4A). The three groups differed significantly in terms of the incidences of UCVA of ≥20/30 and ≥20/20 at all follow-up periods except 3 years postoperatively (p < 0.010; Figure 4B,C).



Higher preoperative myopia was associated with a low preoperative BCVA and a low BVCA at 1 month and 1 year postoperatively (p < 0.050; Figure 5A). At 3 months postoperatively, BCVA was significantly higher in the low myopia group than in the moderate myopia group (p < 0.050). At 6 months postoperatively, BCVA was also significantly lower in the high myopia group than in the moderate or low myopia group (p < 0.050). Higher preoperative myopia was also significantly associated with a low postoperative efficacy at 1 month postoperatively (p < 0.050; Figure 5B). At 3 and 6 months postoperatively, the low myopia group had a significantly higher efficacy index than the moderate or high myopia groups (p < 0.050). At 1 year postoperatively, the low myopia group had a significantly higher efficacy index than the moderate myopia group (p < 0.050). The safety index of the three groups did not differ significantly at any time point.



The three myopia groups differed significantly in terms of the refractive predictability within ±0.50 D and ±1.00 D (all p < 0.010; Figure 6A,B). However, they did not differ in terms of the postoperative SE. The low myopia group had a lower preoperative topographic cylinder than the other groups (p < 0.010). There were no differences between the three groups in terms of the topographic cylinder after surgery.




4. Discussion


In the present study, we evaluated the three-year follow-up of LASIK treatments for myopia in the Korean population and demonstrated that myopic LASIK can be effective and safe with a high refractive predictability, albeit myopic regression occurs over time.



Asians are reported to have a higher incidence of high myopia than Caucasians [17,18,19,20]. Several previous studies have shown that LASIK can be an effective keratorefractive surgical procedure for Asian eyes as it is associated with fast visual improvement and minimal pain and discomfort. A recent study using single-center cohort data that included 53,731 LASIK procedures conducted in 27,312 myopia patients between 1998 and 2015, showed that myopic LASIK performed in Asian (Chinese) eyes is safe and effective, with high refractive predictability [21]. Li et al. also found that thin-flap LASIK using a femtosecond laser or a mechanical microkeratome could safely and effectively correct high myopia in Chinese eyes [22]. However, Asano-Kato et al. suggested that the higher incidence of insufficient fixation of the microkeratome in LASIK might relate to the narrow palpebral fissures in Asian eyes [23]. Furthermore, Albietz et al. have reported that Asian eyes had a significantly higher rate of chronic dry eye after LASIK than Caucasian eyes, probably because the attempted refractive correction was higher in Asian eyes and there were also racial differences in terms of eyelid and orbital anatomy, tear file parameters, and blinking dynamics [24]. It is noteworthy that our present study is the first to analyze a multi-center cohort of Korean eyes that had undergone myopic LASIK and were followed up for a long period of 3 years. Another advantage of this study was that all of the selected subjects were Koreans, which could control for possible ethnic variations in the findings.



Previous large studies of LASIK for myopia have reported that 97–99% of the treated eyes achieved a postoperative UCVA ≥20/40, and 62–73% achieved one of ≥20/20 [21,25,26,27,28]. According to a recent study by the Singapore National Eye Center which involved an eighteen-year prospective audit of LASIK outcomes for myopia in 53,731 eyes, the overall efficacy index was 0.91, with >99% of eyes achieving UCVA of ≥20/40 and >70% achieving 20/20 [21]. Although the current study differed from those previous reports in terms of the follow-up period and preoperative refraction levels, our efficacy outcomes were similar, i.e., 3 months after LASIK, 96.3% of our cases achieved a UCVA of ≥20/40 and 69.9% achieved a UCVA of ≥20/20.



Previous Food and Drug Administration (FDA) clinical trials in the United States have shown that when eyes with low myopia (defined by a preoperative SE of less than −6.0 D) are treated with conventional LASIK, 67–86% of the cases achieve a UCVA of ≥20/20 and 93–100% achieve one of ≥20/40 [25,29]. Similarly, in the current study, 76.4% of the low myopia eyes achieved a UCVA of ≥20/20, and 97.0% achieved a UCVA of ≥20/40 by 3 months postoperatively. With regard to eyes with moderate myopia (defined as a preoperative SE of −6.0 to −12.0 D), published trials have reported that 26–77% of these eyes achieve a UCVA of ≥20/20 [30,31,32]. Our present classification of moderate myopia differed somewhat from this (we defined this as a preoperative SE of –6.0 to –10.0 D), but we obtained similar results at 3 months postoperatively; 60.7% of the moderate myopic eyes in our cohort achieved a UCVA of ≥20/20. In addition, 95.3% of these eyes achieved a UCVA of ≥20/40 at 3 months after LASIK. With regard to the high myopia group in the current study (which we defined as a preoperative SE of −10.0 D or higher), the LASIK efficacy was poorer than for the other two groups, as only 26.5% of these eyes achieved a UCVA of ≥20/20, although 91.2% achieved a UCVA of ≥20/40. In previous reports on cases with more severe myopia, higher ablation was followed by more wound healing and myopic regression, and surgeons seemed to perform undercorrection when faced with limits imposed by corneal thickness [28,32,33].



The overall efficacy indices in the current study during the 3-year follow-up exceeded 0.95, which is higher than the efficacy indices of 0.86–0.91 that were reported by previous studies [5,21,28]. These good outcomes may reflect the fact that the laser systems and ablation nomograms had improved and that most of the surgeons were already experts. With regard to the overall refractive predictability, FDA trials have reported that the predictabilities within ±1.00 D and ±0.50 at 3 months postoperatively were 90% and 72%, respectively [25,29]. The Singapore National Eye Center trial reported 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 at 3 months postoperatively [21]. Moreover, O’Doherty et al. reported that the predictabilities within ±1.00 D and ±0.50 D at 2 months postoperatively were 81.0% and 67.0%, respectively [34]. This latter study also reported that there was a postoperative regression toward myopia, as there was a mean change in refraction of −0.50 D over 5 years for all eyes, but the severely myopic eyes had a stronger regression with a mean change of −1.06 D [34]. In a series of 729 eyes, Kato et al. reported predictabilities within ±1.00 D and ±0.50 D at 3 months postoperatively of 93.1% and 82.6%, respectively [35]. Our current results are similar to what has been reported in the aforementioned studies. We also observed that the overall refractive predictabilities within ±1.00 D and ±0.50 D decreased significantly over time.



Few studies to date have examined the long-term stability of LASIK. Ikeda et al. reported that LASIK offered good safety outcomes during their 12-year observation period, but the efficacy and predictability gradually decreased with time because of myopic regression [32]. Kato et al. reported that postoperative refraction regressed minimally but significantly 1 year after LASIK [35]. Alio et al. showed that the mean post-LASIK refraction decreased slightly over 10 years; in eyes with up to −10 D myopia, the mean myopic regression was −0.12 D per year, while in eyes with myopia exceeding −10 D, this regression was −0.25 D per year [5,6]. In the current study, the post-LASIK refraction also regressed significantly over time.



It is noteworthy that our present multivariate logistic regression analysis revealed that high myopia was a risk factor for low postoperative efficacy. Megallanes et al. also found that extremely myopic eyes (<−15.0 D) exhibited a greater myopic shift and keratometric increase at 1 year after LASIK than highly myopic eyes (≥−15.0 D) [36]. When Rosman et al. followed up 141 eyes with myopia exceeding −10 D for at least 10 years after undergoing LASIK, they found that only 45.5% had a UCVA of 20/40 or better, and that the safety index was 0.87 at 10 years postoperatively [37]. In contrast, Bailey et al. reported that the postoperative UCVA and refraction did not differ among high myopia, low–moderate myopia, spherical myopia, and myopic astigmatism subgroups, and resembled the values of the entire cohort [25].



Despite the many studies that support the efficacy of LASIK, concerns remain about its possible long-term complications, including iatrogenic keratoectasia with progressive myopia [38,39,40]. After LASIK surgery, the cornea is permanently and structurally altered, not only by the laser ablation (depending on the attempted correction), but also by the creation of the flap itself [41]. Thus, the possibility of chronic stromal remodeling, unstable corneal biomechanics, and late regression remains [42]. One study has reported that refractive and topographic stability are achieved by 6 months after LASIK [43]. In the current study, no cases of keratoectasia were reported. This may reflect the meticulous preoperative patient selection that was performed at our six participating centers to reduce the risk of this complication. Moreover, the 3-year follow-up period was sufficient to observe the incidence of post-LASIK keratectasia, as it is reported to show immediately or many months after LASIK but generally within 2 years of surgery [44,45].



It was of interest that a higher preoperative IOP and lower preoperative CCT were found to be predictive of postoperative corneal opacity. There were previous articles that reported stromal haze after LASIK, which is associated with wound-healing reactions from significant keratocyte activation in the central flap stroma and interface [46,47]. Depending on its onset, severity, and duration, there are several differential diagnoses of corneal opacity, including diffuse lamellar keratopathy (DLK) [48,49,50,51], central toxic keratopathy (CTK) [52,53,54], and subepithelial opacity due to a thin LASIK flap [55]. However, the causes of the corneal opacity in the 29 cases in our study could not be determined due to a lack of information in the medical records. However, a previous report on another LASIK case series from Korea observed a DLK incidence of 0.2% (1 eye) [56]. Moreover, when Sander et al. performed a retrospective multi-center chart review of LASIK for myopia of between –4.00 and –7.88 D, with a 6-month follow-up, they found a DLK incidence of 4.8% (81 eyes) [57]. Corneal thinning after LASIK has also been associated with a severe form of DLK [58] that has been suspected in other reports to correspond to a different disease entity, namely CTK [52,53,59].



Our present study had several limitations. First, it may have had various issues associated with its retrospective design, including a substantial amount of missing data from the follow-up examinations, inter-observer bias, and selection bias. Second, because it was a multicenter study, there was no control over the number or uniformity of surgeons or technicians performing the preoperative examinations. For example, the excimer laser system used for laser ablation, specific skills, preferred operative methodology or nomograms might have differed among surgeons. Third, the corneal opacity cases could not be diagnosed in detail because of a lack of information in the medical records.




5. Conclusions


LASIK is an effective and safe intervention for a Korean population with myopia. Furthermore, our present findings can also serve as preliminary data in the development of guidelines for myopic LASIK surgery in the Asian population.







Author Contributions


Conceptualization, J.-Y.K., H.L., C.-K.J., J.-Y.H., T.-I.K., J.-H.K., J.-K.K., E.-Y.C., J.-E.C., N.-R.L. and H.-W.T.; methodology, J.-Y.K., H.L., C.-K.J., J.-Y.H., T.-I.K., J.-H.K., J.-K.K., E.-Y.C., J.-E.C., N.-R.L. and H.-W.T.; formal analysis, J.-Y.K., H.L., J.-E.C., N.-R.L. and H.-W.T.; investigation, J.-Y.K., H.L., C.-K.J., J.-Y.H., T.-I.K., J.-H.K., J.-K.K., E.-Y.C. and H.-W.T.; data curation, J.-Y.K., H.L., J.-E.C., N.-R.L. and H.-W.T.; writing—original draft preparation, J.-Y.K., H.L., C.-K.J., J.-Y.H., T.-I.K., J.-H.K., J.-K.K., E.-Y.C., J.-E.C., N.-R.L. and H.-W.T.; writing—review and editing, J.-Y.K., H.L., C.-K.J., J.-Y.H., T.-I.K., J.-H.K., J.-K.K., E.-Y.C., J.-E.C., N.-R.L. and H.-W.T.; supervision, J.-Y.K., and H.-W.T.; project administration, J.-Y.K., C.-K.J., J.-Y.H., T.-I.K., J.-H.K., J.-K.K., E.-Y.C. and H.-W.T.; funding acquisition, J.-Y.K. and H.-W.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the Basic Science Research Program through the National Research Foundation of Korea (NRF), funded by the Ministry of Education, Science and Technology (2020R1F1A1073627), by a grant (NRF-2018R1D1A1B0704) from the National Research Foundation of Korea, and by a grant (2019IP0464) from the Asan Institute for Life Sciences, Seoul, Republic of Korea.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board of the Asan Medical Center and University of Ulsan College of Medicine, Seoul, Korea (2009-0567).




Informed Consent Statement


Patient consent was waived due to the retrospective nature.




Data Availability Statement


Data are available upon request from the authors.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Pallikaris, I.G.; Papatzanaki, M.E.; Stathi, E.Z.; Frenschock, O.; Georgiadis, A. Laser in situ keratomileusis. Lasers Surg. Med. 1990, 10, 463–468. [Google Scholar] [CrossRef]

	



Shortt, A.J.; Bunce, C.; Allan, B.D. Evidence for superior efficacy and safety of lasik over photorefractive keratectomy for correction of myopia. Ophthalmology 2006, 113, 1897–1908. [Google Scholar] [CrossRef]

	



Kahuam-Lopez, N.; Navas, A.; Castillo-Salgado, C.; Graue-Hernandez, E.O.; Jimenez-Corona, A.; Ibarra, A. Laser-assisted in-situ keratomileusis (lasik) with a mechanical microkeratome compared to lasik with a femtosecond laser for lasik in adults with myopia or myopic astigmatism. Cochrane Database Syst. Rev. 2020, 4, CD012946. [Google Scholar] [PubMed]

	



Kim, T.I.; Alio Del Barrio, J.L.; Wilkins, M.; Cochener, B.; Ang, M. Refractive surgery. Lancet 2019, 393, 2085–2098. [Google Scholar] [CrossRef]

	



Alio, J.L.; Muftuoglu, O.; Ortiz, D.; Perez-Santonja, J.J.; Artola, A.; Ayala, M.J.; Garcia, M.J.; de Luna, G.C. Ten-year follow-up of laser in situ keratomileusis for myopia of up to -10 diopters. Am. J. Ophthalmol. 2008, 145, 46–54. [Google Scholar] [CrossRef]

	



Alio, J.L.; Muftuoglu, O.; Ortiz, D.; Perez-Santonja, J.J.; Artola, A.; Ayala, M.J.; Garcia, M.J.; de Luna, G.C. Ten-year follow-up of laser in situ keratomileusis for high myopia. Am. J. Ophthalmol. 2008, 145, 55–64. [Google Scholar] [CrossRef]

	



Schallhorn, S.C.; Amesbury, E.C.; Tanzer, D.J. Avoidance, recognition, and management of lasik complications. Am. J. Ophthalmol. 2006, 141, 733–739. [Google Scholar] [CrossRef] [PubMed]

	



Sridhar, M.S.; Rao, S.K.; Vajpayee, R.B.; Aasuri, M.K.; Hannush, S.; Sinha, R. Complications of laser-in-situ-keratomileusis. Indian J. Ophthalmol. 2002, 50, 265–282. [Google Scholar]

	



Knorz, M.C. Flap and interface complications in lasik. Curr. Opin. Ophthalmol. 2002, 13, 242–245. [Google Scholar] [CrossRef]

	



Seitz, B.; Rozsival, P.; Feuermannova, A.; Langenbucher, A.; Naumann, G.O. Penetrating keratoplasty for iatrogenic keratoconus after repeat myopic laser in situ keratomileusis: Histologic findings and literature review. J. Cataract. Refract. Surg. 2003, 29, 2217–2224. [Google Scholar] [CrossRef]

	



Friehmann, A.; Mimouni, M.; Assad, N.; Rabina, G.; Spierer, O.; Nemet, A.; Kaiserman, I. Risk factors for early flap misalignment following microkeratome-assisted laser in situ keratomileusis: A retrospective large database analysis. Eur. J. Ophthalmol. 2019, 1120672119892431. [Google Scholar] [CrossRef] [PubMed]

	



Llovet, F.; de Rojas, V.; Interlandi, E.; Martin, C.; Cobo-Soriano, R.; Ortega-Usobiaga, J.; Baviera, J. Infectious keratitis in 204 586 lasik procedures. Ophthalmology 2010, 117, e231–e234. [Google Scholar] [CrossRef] [PubMed]

	



Lee, D.H.; Choi, T.H.; Lee, H.B. Short term follow-up results of lasik(laser in-situ keratomileusis) for correction of high myopia. J. Korean Ophthalmol. Soc. 1997, 38, 1527–1536. [Google Scholar]

	



Cha, D.W.; Ahn, B.C. Laser in situ keratomileusis to treat low to moderate myopia. J. Korean Ophthalmol. Soc. 1997, 38, 715–720. [Google Scholar]

	



Na, K.S.; Chung, S.H.; Kim, J.K.; Jang, E.J.; Lee, N.R.; Joo, C.K. Comparison of lasik and surface ablation by using propensity score analysis: A multicenter study in korea. Investig. Ophthalmol. Vis. Sci. 2012, 53, 7116–7121. [Google Scholar] [CrossRef] [PubMed]

	



Randleman, J.B.; Russell, B.; Ward, M.A.; Thompson, K.P.; Stulting, R.D. Risk factors and prognosis for corneal ectasia after lasik. Ophthalmology 2003, 110, 267–275. [Google Scholar] [CrossRef]

	



Zhao, J.; Pan, X.; Sui, R.; Munoz, S.R.; Sperduto, R.D.; Ellwein, L.B. Refractive error study in children: Results from shunyi district, china. Am. J. Ophthalmol. 2000, 129, 427–435. [Google Scholar] [CrossRef]

	



Wu, H.M.; Seet, B.; Yap, E.P.; Saw, S.M.; Lim, T.H.; Chia, K.S. Does education explain ethnic differences in myopia prevalence? A population-based study of young adult males in Singapore. Optom. Vis. Sci. 2001, 78, 234–239. [Google Scholar] [CrossRef]

	



Hosaka, A. Population studies—Myopia experience in Japan. Acta. Ophthalmol. Suppl. 1988, 185, 37–40. [Google Scholar] [CrossRef]

	



Wang, S.K.; Guo, Y.; Liao, C.; Chen, Y.; Su, G.; Zhang, G.; Zhang, L.; He, M. Incidence of and factors associated with myopia and high myopia in chinese children, based on refraction without cycloplegia. JAMA Ophthalmol. 2018, 136, 1017–1024. [Google Scholar] [CrossRef]

	



Chua, D.; Htoon, H.M.; Lim, L.; Chan, C.M.; Mehta, J.S.; Tan, D.T.H.; Rosman, M. Eighteen-year prospective audit of lasik outcomes for myopia in 53 731 eyes. Br. J. Ophthalmol. 2019, 103, 1228–1234. [Google Scholar] [CrossRef] [PubMed]

	



Li, H.; Sun, T.; Wang, M.; Zhao, J. Safety and effectiveness of thin-flap lasik using a femtosecond laser and microkeratome in the correction of high myopia in Chinese patients. J. Refract. Surg. 2010, 26, 99–106. [Google Scholar] [CrossRef] [PubMed]

	



Asano-Kato, N.; Toda, I.; Hori-Komai, Y.; Takano, Y.; Tsubota, K. Risk factors for insufficient fixation of microkeratome during laser in situ keratomileusis. J. Refract. Surg. 2002, 18, 47–50. [Google Scholar] [CrossRef] [PubMed]

	



Albietz, J.M.; Lenton, L.M.; McLennan, S.G. Dry eye after lasik: Comparison of outcomes for Asian and Caucasian eyes. Clin. Exp. Optom. 2005, 88, 89–96. [Google Scholar] [CrossRef]

	



Bailey, M.D.; Zadnik, K. Outcomes of lasik for myopia with fda-approved lasers. Cornea 2007, 26, 246–254. [Google Scholar] [CrossRef] [PubMed]

	



Fernandez, A.P.; Jaramillo, J.; Jaramillo, M. Comparison of photorefractive keratectomy and laser in situ keratomileusis for myopia of -6 d or less using the nidek ec-5000 laser. J. Refract. Surg. 2000, 16, 711–715. [Google Scholar] [CrossRef]

	



Tole, D.M.; McCarty, D.J.; Couper, T.; Taylor, H.R. Comparison of laser in situ keratomileusis and photorefractive keratectomy for the correction of myopia of -6.00 diopters or less. Melbourne excimer laser group. J. Refract. Surg. 2001, 17, 46–54. [Google Scholar] [CrossRef]

	



Yuen, L.H.; Chan, W.K.; Koh, J.; Mehta, J.S.; Tan, D.T. A 10-year prospective audit of lasik outcomes for myopia in 37,932 eyes at a single institution in Asia. Ophthalmology 2010, 117, 1236–1244.e1. [Google Scholar] [CrossRef]

	



Basic and Clinical Science Course Section 13: Refractive Surgery; Weiss, J.S. (Ed.) American Academy of Ophthalmology: San Francisco, CA, USA, 2007; pp. 116–117. [Google Scholar]

	



Taneri, S.; Feit, R.; Azar, D.T. Safety, efficacy, and stability indices of lasek correction in moderate myopia and astigmatism. J. Cataract. Refract. Surg. 2004, 30, 2130–2137. [Google Scholar] [CrossRef]

	



Hersh, P.S.; Brint, S.F.; Maloney, R.K.; Durrie, D.S.; Gordon, M.; Michelson, M.A.; Thompson, V.M.; Berkeley, R.B.; Schein, O.D.; Steinert, R.F. Photorefractive keratectomy versus laser in situ keratomileusis for moderate to high myopia. A randomized prospective study. Ophthalmology 1998, 105, 1512–1522. [Google Scholar] [CrossRef]

	



Ikeda, T.; Shimizu, K.; Igarashi, A.; Kasahara, S.; Kamiya, K. Twelve-year follow-up of laser in situ keratomileusis for moderate to high myopia. BioMed Res. Int. 2017, 2017, 9391436. [Google Scholar] [CrossRef]

	



Wallerstein, A.; Kam, J.W.K.; Gauvin, M.; Adiguzel, E.; Bashour, M.; Kalevar, A.; Cohen, M. Refractive, visual, and subjective quality of vision outcomes for very high myopia lasik from-10.00 to-13.50 diopters. BMC Ophthalmol. 2020, 20, 234. [Google Scholar]

	



O’Doherty, M.; O’Keeffe, M.; Kelleher, C. Five year follow up of laser in situ keratomileusis for all levels of myopia. Br. J. Ophthalmol. 2006, 90, 20–23. [Google Scholar] [CrossRef] [PubMed]

	



Kato, N.; Toda, I.; Hori-Komai, Y.; Sakai, C.; Tsubota, K. Five-year outcome of lasik for myopia. Ophthalmology 2008, 115, 839–844. [Google Scholar] [CrossRef] [PubMed]

	



Magallanes, R.; Shah, S.; Zadok, D.; Chayet, A.S.; Assil, K.K.; Montes, M.; Robledo, N. Stability after laser in situ keratomileusis in moderately and extremely myopic eyes. J. Cataract. Refract. Surg. 2001, 27, 1007–1012. [Google Scholar] [CrossRef]

	



Rosman, M.; Alio, J.L.; Ortiz, D.; Perez-Santonja, J.J. Refractive stability of lasik with the visx 20/20 excimer laser vs zb5m phakic iol implantation in patients with high myopia (>-10.00 d): A 10-year retrospective study. J. Refract. Surg. 2011, 27, 279–286. [Google Scholar] [CrossRef] [PubMed]

	



Melki, S.A.; Azar, D.T. Lasik complications: Etiology, management, and prevention. Surv. Ophthalmol. 2001, 46, 95–116. [Google Scholar] [CrossRef]

	



Comaish, I.F.; Lawless, M.A. Progressive post-lasik keratectasia: Biomechanical instability or chronic disease process? J. Cataract. Refract. Surg. 2002, 28, 2206–2213. [Google Scholar] [CrossRef]

	



Binder, P.S.; Lindstrom, R.L.; Stulting, R.D.; Donnenfeld, E.; Wu, H.; McDonnell, P.; Rabinowitz, Y. Keratoconus and corneal ectasia after lasik. J. Cataract. Refract. Surg. 2005, 31, 2035–2038. [Google Scholar] [CrossRef]

	



Khamar, P.; Shetty, R.; Vaishnav, R.; Francis, M.; Nuijts, R.; Sinha Roy, A. Biomechanics of lasik flap and smile cap: A prospective, clinical study. J. Refract. Surg. 2019, 35, 324–332. [Google Scholar] [CrossRef]

	



Guo, H.; Hosseini-Moghaddam, S.M.; Hodge, W. Corneal biomechanical properties after smile versus flex, lasik, lasek, or prk: A systematic review and meta-analysis. BMC Ophthalmol. 2019, 19, 167. [Google Scholar] [CrossRef] [PubMed]

	



Kymionis, G.D.; Tsiklis, N.S.; Astyrakakis, N.; Pallikaris, A.I.; Panagopoulou, S.I.; Pallikaris, I.G. Eleven-year follow-up of laser in situ keratomileusis. J. Cataract. Refract. Surg. 2007, 33, 191–196. [Google Scholar] [CrossRef] [PubMed]

	



Geggel, H.S.; Talley, A.R. Delayed onset keratectasia following laser in situ keratomileusis. J. Cataract. Refract. Surg. 1999, 25, 582–586. [Google Scholar] [CrossRef]

	



Rao, S.N.; Epstein, R.J. Early onset ectasia following laser in situ keratomileusus: Case report and literature review. J. Refract. Surg. 2002, 18, 177–184. [Google Scholar] [CrossRef]

	



Buhren, J.; Kohnen, T. Stromal haze after laser in situ keratomileusis: Clinical and confocal microscopy findings. J. Cataract. Refract. Surg. 2003, 29, 1718–1726. [Google Scholar] [CrossRef]

	



Nakamura, K.; Kurosaka, D.; Bissen-Miyajima, H.; Tsubota, K. Intact corneal epithelium is essential for the prevention of stromal haze after laser assisted in situ keratomileusis. Br. J. Ophthalmol. 2001, 85, 209–213. [Google Scholar] [CrossRef]

	



Hoffman, R.S.; Fine, I.H.; Packer, M. Incidence and outcomes of lasik with diffuse lamellar keratitis treated with topical and oral corticosteroids. J. Cataract. Refract. Surg. 2003, 29, 451–456. [Google Scholar] [CrossRef]

	



Wilson, S.E.; Ambrosio, R., Jr. Sporadic diffuse lamellar keratitis (dlk) after lasik. Cornea 2002, 21, 560–563. [Google Scholar] [CrossRef] [PubMed]

	



Sachdev, N.; McGhee, C.N.; Craig, J.P.; Weed, K.H.; McGhee, J.J. Epithelial defect, diffuse lamellar keratitis, and epithelial ingrowth following post-lasik epithelial toxicity. J. Cataract. Refract. Surg. 2002, 28, 1463–1466. [Google Scholar] [CrossRef]

	



Yavitz, E.Q. Diffuse lamellar keratitis caused by mechanical disruption of epithelium 60 days after lasik. J. Refract. Surg. 2001, 17, 621. [Google Scholar] [CrossRef]

	



Hazin, R.; Daoud, Y.J.; Khalifa, Y.M. What is central toxic keratopathy syndrome if it is not diffuse lamellar keratitis grade iv? Middle East Afr. J. Ophthalmol. 2010, 17, 60–62. [Google Scholar]

	



Sonmez, B.; Maloney, R.K. Central toxic keratopathy: Description of a syndrome in laser refractive surgery. Am. J. Ophthalmol. 2007, 143, 420–427. [Google Scholar] [CrossRef]

	



Moshirfar, M.; Hazin, R.; Khalifa, Y.M. Central toxic keratopathy. Curr. Opin. Ophthalmol. 2010, 21, 274–279. [Google Scholar] [CrossRef]

	



Hafezi, F.; Seiler, T. Persistent subepithelial haze in thin-flap lasik. J. Refract. Surg. 2010, 26, 222–225. [Google Scholar] [CrossRef]

	



Yoon, J.T.; Lee, G.J.; Tchah, H. Flap complications of lasik. J. Korean Ophthalmol. Soc. 2000, 41, 1146–1150. [Google Scholar]

	



Sanders, D.; Vukich, J.A. Comparison of implantable collamer lens (icl) and laser-assisted in situ keratomileusis (lasik) for low myopia. Cornea 2006, 25, 1139–1146. [Google Scholar] [CrossRef]

	



Linebarger, E.J.; Hardten, D.R.; Lindstrom, R.L. Diffuse lamellar keratitis: Diagnosis and management. J. Cataract. Refract. Surg. 2000, 26, 1072–1077. [Google Scholar] [CrossRef]

	



Lyle, W.A.; Jin, G.J. Central lamellar keratitis. J. Cataract. Refract. Surg. 2001, 27, 487–490. [Google Scholar] [CrossRef]








[image: Jpm 11 00419 g001 550] 





Figure 1. Overall incidence of postoperative uncorrected visual acuity ≥20/40, ≥20/30, and ≥20/20. ***, ** and *; †† and †; ‡‡ and ‡ indicate significant differences between these time points (all p < 0.005). 
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Figure 2. Distribution of postoperative spherical equivalents at 3 months and 3 years postoperatively (A) and percentage of eyes within ± 0.50 and ± 1.00 D emmetropia (in terms of spherical equivalent) at the indicated postoperative periods (B). ***, ** and *; †††, †† and † indicate significant differences between these time points (all p < 0.005). SE = spherical equivalent. 
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Figure 3. Comparison of pre- and postoperative uncorrected visual acuity according to the degree of myopia. *: significant difference among the three myopia groups (p < 0.050); ‡: significant difference between the low and moderate myopia groups, and between the low and high myopia groups (p < 0.050). UCVA = uncorrected visual acuity. 
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Figure 4. Incidence of uncorrected visual acuity of ≥20/40 (A), ≥20/30 (B), and ≥20/20 (C) according to the degree of myopia. *: significant difference among the three myopia groups (p < 0.010). UCVA = uncorrected visual acuity. 
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Figure 5. Comparison of best corrected visual acuity and efficacy index according to the degree of myopia. (A) BCVA. (B) efficacy index. *: significant difference among the three myopia groups (p < 0.050). †: significant difference between the low and moderate myopia groups (p < 0.050). ‡: significant difference between the low and moderate myopia groups, and between the low and high myopia groups (p < 0.050). BCVA = best corrected visual acuity. 






Figure 5. Comparison of best corrected visual acuity and efficacy index according to the degree of myopia. (A) BCVA. (B) efficacy index. *: significant difference among the three myopia groups (p < 0.050). †: significant difference between the low and moderate myopia groups (p < 0.050). ‡: significant difference between the low and moderate myopia groups, and between the low and high myopia groups (p < 0.050). BCVA = best corrected visual acuity.
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Figure 6. Refractive predictability assessed as a percentage of eyes within ±0.50 and ±1.00 diopters (D) of the postoperative spherical equivalent. These are separately shown as the percentage of eyes within ±0.50 D in the low, moderate, and high myopia groups (A) and as the percentage of eyes within ±1.00 D in these same three groups (B). *: significant difference among the three myopia groups (p < 0.010). †: significant difference between the low and moderate myopia groups (p < 0.050). 
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Table 1. Intraoperative parameters (n = 3401).
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Parameter

	
Mean ± SD

	
Range






	
Flap size (mm)

	
8.70 ± 0.53

	
8.50 to 9.75




	
Flap thickness (µm)

	
125.70 ± 23.43

	
59 to 200




	
Actual correction (D)

	
−4.98 ± 1.95

	
−11.75 to −0.13




	
Optical zone diameter (mm)

	
6.00 ± 6.39

	
4.7 to 7.5




	
Abrasion depth (µm)

	
71.45 ± 23.05

	
6 to 154




	
Position of flap

	




	
Superior, n (%)

	
2654 (78.0)




	
Nasal, n (%)

	
274 (8.1)




	
Temporal, n (%)

	
3 (0.1)




	
Unchecked, n (%)

	
470 (13.8)




	
Keratome

	




	
Moria M2, n (%)

	
1015 (29.8)




	
IntraLase, n (%)

	
990 (29.1)




	
Hansatome, n (%)

	
760 (22.3)




	
Automated Corneal Shaper, n (%)

	
109 (3.2)




	
Others, n (%)

	
527 (15.6)




	
Laser platform

	




	
VISX, n (%)

	
1077 (31.7)




	
Zyoptix, n (%)

	
823 (24.2)




	
MEL80, n (%)

	
465 (13.7)




	
Allegretto, n (%)

	
149 (4.3)




	
Unchecked, n (%)

	
887 (26.1)




	
Wavefront-guided LASIK, n (%)

	
989 (29.1)








D, diopters; LASIK, Laser in situ keratomileusis.
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Table 2. Preoperative characteristics of eyes (n = 3401).
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Parameter

	
Mean ± SD

	
Range






	
LogMAR UCVA

	
1.02 ± 0.35

	
0.1 to 2.3




	
LogMAR BCVA

	
0.00 ± 0.05

	
−0.3 to 1




	
IOP (mmHg)

	
15.38 ± 2.95

	
6 to 30




	
Spherical equivalents (D)

	
−4.96 ± 2.02

	
−12.75 to 0




	
Corneal thickness (µm)

	
546.62 ± 33.29

	
386 to 664




	
Mean keratometry (D)

	
43.42 ± 1.36

	
39.1 to 49.5




	
ACD (mm)

	
3.17 ± 0.78

	
2.4 to 4.7




	
White to white diameter (mm)

	
11.48 ± 0.37

	
10.1 to 13.4




	
Pupil size (mm)

	

	




	
Scotopic

	
6.51 ± 0.76

	
3.7 to 8.7




	
Photopic

	
4.10 ± 0.76

	
0.7 to 7.9




	
Dry eye syndrome

	

	




	
Yes, n (%)

	
1753 (77.5)




	
No, n (%)

	
509 (22.5)




	
Retinal abnormality

	

	




	
Normal, n (%)

	
2993 (88.0)




	
Peripheral tear, n (%)

	
5 (0.1)




	
Peripheral degeneration, n (%)

	
132 (3.9)




	
Others, n (%)

	
73 (2.1)








UCVA, uncorrected visual acuity; BCVA, best corrected visual acuity; IOP, intraocular pressure; D, diopters; ACD, anterior chamber depth.
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Table 3. Incidence of laser in situ keratomileusis complications (n = 3401).






Table 3. Incidence of laser in situ keratomileusis complications (n = 3401).









	
	n (%)





	Intraoperative complications
	



	Incomplete flap
	4 (0.1)



	Buttonhole flap
	1 (0.0)



	Postoperative
	



	Epithelial ingrowth
	5 (0.1)



	Re-treatment
	23 (0.7)



	Corneal ectasia
	0 (0.0)



	Miscellaneous
	



	Dry eye syndrome
	38 (1.1)



	Infectious keratitis
	2 (0.1)



	Postoperative corneal opacity
	29 (0.9)
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Table 4. Univariate logistic regression analysis to assess the predictor variables of low postoperative efficacy.
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	Parameter
	OR
	95% Confidence Interval
	p





	Age, y
	
	
	



	≤29
	1.00
	
	



	30–39
	0.82
	0.46 to 1.46
	0.490



	≥40
	2.45
	1.21 to 4.94
	0.010



	Preoperative IOP (mmHg)
	
	
	



	<15
	1.00
	
	



	≥15
	1.89
	1.09 to 3.27
	0.020



	Preoperative SE (D)
	
	
	



	<−6.0
	1.00
	
	



	between −10.0 and −6.0
	2.92
	1.76 to 4.86
	<.001



	>−10.0
	9.90
	4.10 to 23.91
	<0.001



	Preoperative logMAR BCVA
	
	
	



	≤0.0
	1.00
	
	



	>0.0
	3.55
	2.06 to 6.14
	<0.001



	Preoperative CCT (µm)
	
	
	



	≥500
	1.00
	
	



	<500
	4.67
	1.73 to 12.63
	0.002



	Preoperative mean keratometry (D)
	
	
	



	>43
	1.00
	
	



	Between 41 and 43
	0.99
	0.61 to 1.63
	0.980



	<41
	0.60
	0.14 to 2.49
	0.480







OR, odds ratio; IOP, intraocular pressure; SE, spherical equivalent; D, diopters; BCVA, best corrected visual acuity; CCT, central corneal thickness.
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Table 5. Multivariate logistic regression analysis to assess the predictor variables of low postoperative efficacy.
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	Parameter
	OR
	95% Confidence Interval
	p





	Age, y
	
	
	



	≤29
	1.00
	
	



	30–39
	0.80
	0.44 to 1.45
	0.460



	≥40
	2.01
	0.97 to 4.16
	0.060



	Preoperative IOP (mmHg)
	
	
	



	<15
	1.00
	
	



	≥15
	1.70
	0.94 to 3.06
	0.080



	Preoperative SE (D)
	
	
	



	<−6.0
	1.00
	
	



	between -10.0 and−6.0
	2.58
	1.53 to 4.33
	<0.001



	>−10.0
	7.23
	2.74 to 19.11
	<0.001



	Preoperative logMAR BCVA
	
	
	



	≤0.0
	1.00
	
	



	>0.0
	2.44
	1.37 to 4.37
	0.003



	Preoperative CCT (µm)
	
	
	



	≥500
	1.00
	
	



	<500
	1.85
	0.60 to 5.68
	0.280



	Preoperative mean keratometry (D)
	
	
	



	>43
	1.00
	
	



	Between 41 and 43
	1.10
	0.66 to 1.83
	0.720



	<41
	0.68
	0.17 to 2.79
	0.590







OR, odds ratio; IOP, intraocular pressure; SE, spherical equivalent; D, diopters; BCVA, best corrected visual acuity; CCT, central corneal thickness.
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Table 6. Univariate logistic regression analysis to assess the predictor variables of postoperative corneal opacity.
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	Parameter
	OR
	95% Confidence Interval
	p





	Age, y
	
	
	



	≤29
	1.00
	
	



	30–39
	1.64
	0.73 to 3.69
	0.230



	≥40
	0.55
	0.07 to 4.07
	0.560



	Preoperative IOP (mmHg)
	
	
	



	<15
	1.00
	
	



	≥15
	6.75
	1.59 to 28.57
	0.010



	Preoperative SE (D)
	
	
	



	<−6.0
	1.00
	
	



	between −10.0 and −6.0
	1.86
	0.85 to 4.09
	0.120



	>−10.0
	3.30
	0.44 to 24.89
	0.250



	Preoperative CCT (µm)
	
	
	



	≥500
	1.00
	
	



	<500
	4.67
	1.73 to 12.63
	0.002







OR, odds ratio; IOP, intraocular pressure; SE, spherical equivalent; D, diopters; CCT, central corneal thickness.
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Table 7. Multivariate logistic regression analysis to assess the predictor variables of postoperative corneal opacity.
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	Parameter
	OR
	95% Confidence Interval
	p





	Age, y
	
	
	



	≤29
	1.00
	
	



	30–39
	1.65
	0.73 to 3.69
	0.230



	≥40
	0.75
	0.10 to 5.66
	0.780



	Preoperative IOP (mmHg)
	
	
	



	<15
	1.00
	
	



	≥15
	8.49
	1.86 to 38.74
	0.006



	Preoperative SE (D)
	
	
	



	<−6.0
	1.00
	
	



	between −10.0 and −6.0
	2.08
	0.95 to 4.56
	0.070



	>−10.0
	4.11
	0.51 to 32.99
	0.180



	Preoperative CCT (µm)
	
	
	



	≥500
	1.00
	
	



	<500
	7.36
	2.65 to 20.45
	<0.001







OR, odds ratio; IOP, intraocular pressure; SE, spherical equivalent; D, diopters; CCT, central corneal thickness.
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