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Abstract

Purpose

To compare dry eye after small incision lenticule extraction (SMILE) and femtosecond laser-
assisted LASIK (FS-LASIK) for correcting myopia.

Methods

CENTRAL, Embase and PubMed were searched in November 2016. All randomized con-
trolled trials (RCTs) and prospective cohorts that compared dry eye after SMILE with FS-
LASIK were selected.

Results

Five cohorts and one RCT were identified for comparing dry eye after SMILE (291 eyes)
and FS-LASIK (277 eyes). The pooled results revealed that the SMILE and FS-LASIK
groups did not differ significantly in terms of Schirmer’s | test (SIT) and tear film osmolarity
(TFO) at any postoperative visits. By contrast, tear break up time (TBUT; p=0.04 for one
month, p < 0.001 for three months, and p = 0.02 for six months) and ocular surface disease
index (OSDI; p < 0.001 for one month and three months, and p = 0.006 for six months) were
significantly worse in the FS-LASIK group than in the SMILE group at follow-up. At six
months postoperatively, TBUT and TFO values in both the SMILE and FS-LASIK groups
and OSDI scores in the SMILE group returned to preoperative levels, but SIT values in both
groups (p = 0.02 for the SMILE group and p < 0.001 for the FS-LASIK group) and OSDI in
the FS-LASIK group (p < 0.001) were still statistically impaired.

Conclusion

Dry eye after both SMILE and FS-LASIK usually occurs transiently. SMILE does not show
obvious superiority over FS-LASIK by exhibiting similar and acceptable objective parame-
ters, and SMILE may have milder subjective symptoms.
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Introduction

Refractive surgery, such as laser-assisted in situ keratomileusis (LASIK), allows people to
reduce their dependence on glasses. Although high satisfaction is reported, dry eye remains
the most common complication after LASIK; the incidence varies among patients [1-5]. Some
patients experienced transient dry eye, while others reported severe symptoms over the long
term, with incidence ranging from 20% to 40% [2]. It is thus clear that a significant number of
patients are at risk for developing chronic dry eye disease, further affecting the health status of
this robust population [6].

Total amputation of the corneal nerves due to flap creation and photoablation is a likely
cause of post-LASIK dry eye [2,7]. Traditionally, the flap is created using mechanical micro-
keratomes, but femtosecond laser technology has become increasingly common [8]. Femto-
second laser-assisted LASIK (FS-LASIK) generates more consistent and predictable flap
diameters, thicknesses, and hinge widths than microkeratomes [9]. The control and optimiza-
tion of corneal features may reduce flap-related complications such as reduced corneal nerve
injury and encourage faster recovery from dry eye [9-11].

With the introduction of the femtosecond laser platform (VisuMax, Carl Zeiss Meditec
AG, Jena, Germany), small incision lenticule extraction (SMILE) emerged as a novel, all-in-
one refractive surgery for myopia. It is a flapless procedure in which an intrastromal lenti-
cule is created between two photodisruption planes and removed mechanically from an
arcuate side cut of 3 to 4 mm [12], which is much shorter than the length of a standard
LASIK flap. This minimally invasive approach was intended to preserve corneal nerves more
successfully and result in lower incidence of dry eye than found with FS-LASIK and tradi-
tional LASIK [13].

Recent studies have compared dry eye after SMILE and FS-LASIK [6,12,14-17]. Some stud-
ies supported the position that SMILE reduced the incidence of dry eye disease when com-
pared with FS-LASIK [6,14,15,17], but others reported no differences in dry eye parameters
between these two groups [12,16]. One meta-analysis cited dry eye as a primary outcome
when comparing SMILE and FS-LASIK [5]. Only two to four studies were included in each
comparison of this meta-analysis [6,12,14,15], and the comparisons and follow-up durations
were neither adequate nor complete. Uncertainty remains because the results are controversial
and the sample sizes remain very small. Thus, a meta-analysis was performed to compare dry
eye after SMILE versus FS-LASIK at different follow-up periods.

Materials and Methods
Search strategy

The systematic review and meta-analysis was performed in accordance with PRISMA guide-
lines. The PubMed, Embase, and Cochrane Central Register of Controlled Trials (CEN-
TRAL) were searched independently by two reviewers for records that compared dry eye
after SMILE and LASIK. The search terms were related to LASIK (e.g., ‘Keratomileusis, Laser
In Situ’ and ‘LASIK’) and SMILE (e.g., ‘lenticule extraction’ and ‘SMILE’). S1 Appendix
shows the PubMed search process in detail. No date restrictions were applied in the elec-
tronic search for trials; the last search was run on November 14, 2016. The search was limited
to English-language papers. Titles and abstracts were independently screened by two review-
ers, after which potentially relevant reports were retrieved as complete manuscripts and
assessed for compliance with inclusion criteria. Discrepancies between the reviewers were
resolved by discussion.
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Inclusion criteria and exclusion criteria

The following selection criteria were used to identify studies for inclusion in this meta-analysis:
1) study design: randomized controlled trials (RCTs) and cohort studies; 2) population: partic-
ipants with stable myopia or myopic astigmatism and without ocular diseases, especially dry
eye disease; 3) intervention: SMILE versus FS-LASIK, the use of standard surgical techniques.
SMILE was performed using a femtosecond laser (VisuMax) with a 100-120 um thick cap and
a 6.0-6.6 mm diameter lenticule. For the FS-LASIK group, the corneal flap was made by a fem-
tosecond laser with a 90-110 pm thick and 7.9-9.0 mm diameter flap, and a 50° superior
hinge. Excimer photoablation was performed in a 6.0-6.5 mm optical zone; 4) outcome: dry
eye parameters. Letters, review articles, animal or laboratory studies, and conference abstracts
were all excluded.

Outcome measures

The outcome measures for inclusion were ocular surface disease index (OSDI), tear breakup
time (TBUT), Schirmer’s I test (SIT), and tear film osmolarity (TFO) at one week, one month,
three months, and six months postoperatively; at least one of the outcome measures was
required for inclusion.

Data collection and quality assessment

Two reviewers independently collected the data and assessed the quality of studies. Any dis-
agreements between the reviewers’ results were resolved by discussion that involved a third
reviewer when necessary. The following information was extracted from each study: first
author, year of publication, study design, location, age of patients, number of eyes enrolled,
preoperative spherical equivalent, preoperative dry eye parameters (OSDI, TBUT, SIT, and
TFO), surgical procedures, follow-up duration, and outcome data. Studies with incomplete
data were also included; authors were contacted to provide sufficient information when neces-
sary. We contacted four authors, and one responded [6].

The quality of RCTs was assessed using the Jadad Scale [18], while the Newcastle-Ottawa
Scale (NOS) was adopted to evaluate each cohort [19]. The Jadad scale features three principal
assessment domains: randomization, blinding, and participant dropout. Appropriate random-
ization and blinding scored two points each, and total scores ranged from zero to five. Studies
scoring fewer than three points were considered to be of low quality. The maximum NOS
score is nine, based on assessing three areas: selection quality (maximum four points), compa-
rability (maximum two points), and outcome measures (maximum three points). Studies scor-
ing five or fewer points were considered to be of low quality [3].

Statistical analysis

RevMan software (version 5.3; Cochrane Collaboration, Oxford, United Kingdom) was used
to analyze the data. The mean difference (MD) and corresponding 95% confidence interval
(CI) were calculated for continuous outcomes; p < 0.05 was considered statistically significant.

Statistical heterogeneity was tested using the chi-square-based Q-test and the I” statistic.
P> 50% and p < 0.1 for the Q-test indicated significant heterogeneity, so the random effects
model was used in those cases. Otherwise, the fixed effects model was used [20].

A sensitivity analysis was performed to evaluate the robustness of the results. In a leave-
one-out cross-validation, each study in the meta-analysis was excluded in turn to investigate
the influence of individual studies on the pooled estimates [21]. Publication bias was measured
using a Begg funnel plot [22].
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Results
Search results

The search found 72 citations, 34 of which were excluded by the initial search and screening of
titles and abstracts. After further consideration of the remaining 38, we excluded 32 studies for
following reasons: 29 did not provide the primary outcomes required for this meta-analysis,
and three were not pertinent to SMILE or LASIK procedures. Five prospective cohort studies
and one RCT were included in the final meta-analysis [6,12,14-17]. Fig 1 is a flow diagram
detailing the search and selection process.

Study characteristics and quality

Six studies that reported on 291 eyes in the SMILE group and 277 eyes in the FS-LASIK group
provided data for our meta-analysis. Four studies were conducted in China [14-17], one in
Turkey [12], and one in France [6]. The six studies’ main characteristics are described in
Table 1, and their quality is assessed in Tables 2 and 3. The RCT scored only two because
masking of surgeons is impossible and masking of patients was not reported [12]. The quality
of the included cohorts was assessed by the NOS [6,14-17]. No selection bias was found in any
of the studies. For comparability, most important factors were controlled in all studies. For
outcome, one study had a twelve-month follow-up [16]. Total scores in all of the cohorts were
above five, indicating a low risk of bias.

Outcome criteria

TBUT. All studies reported TBUT at one month and six months postoperatively [6,12,14-
17]. An examination of the forest plot showed no statistically significant change in either the
SMILE and FS-LASIK groups at six months (MD -0.62, 95% CI: -2.10 to 0.87, p = 0.42; MD
-1.58, 95% CI: -3.29 to 0.14, p = 0.07) (Fig 2F and 2G, Table 4) postoperatively compared with
preoperatively. Significantly higher TBUT scores were found in the SMILE group than in the
LASIK group at all follow-up visits (MD 1.23, 95% CI: 0.05 to 2.41, p = 0.04 for one month;
MD 0.66, 95% CI: 0.36 to 0.96, p < 0.001 for three months; and MD 0.89, 95% CI: 0.12 to 1.66,
p = 0.02 for six months), except for one week after surgery (MD 0.52, 95% CI: -1.04 to 2.08,
p=0.51) (Fig 2B-2E, Table 4).

SIT. Five studies reported data for SIT scores at one month and six months postopera-
tively [6,12,14,15,17]. An examination of the forest plot demonstrated that statistically signifi-
cant decreases in the SIT in both SMILE and FS-LASIK groups were found at six months
postoperatively, compared with preoperative values (MD -1.38, 95% CI: -2.51 to -0.24,
p=0.02; MD -2.17,95% CI: -3.11 to -1.23, p < 0.001) (Fig 3F and 3G, Table 4). No significant
difference was found between the two groups in postoperative visits at one week (MD 2.02,
95% CI: -1.05 to 5.09, p = 0.20), one month (MD -0.71, 95% CI: -3.17 to 1.75, p = 0.57), three
months (MD 0.83, 95% CI: -0.40 to 2.07, p = 0.19), and six months (MD 0.23, 95% CI: -0.66 to
1.11, p = 0.62) (Fig 3B-3E, Table 4).

OSDI. Three publications reported OSDI at one month and six months postoperatively
[6,14,17]. An examination of the forest plot revealed significant increases in postoperative
OSDI scores in the FS-LASIK group at six months (MD 5.57, 95% CI: 4.55 to 6.59, p < 0.001),
but scores in the SMILE group returned to preoperative levels at six months (MD -0.67, 95%
CI: -5.62t0 4.27, p = 0.79) (Fig 4E and 4F, Table 4). In addition, there was a significantly lower
OSDI score in the SMILE group than in the FS-LASIK group at all time points (MD -5.49, 95%
CL: -6.72 to -4.26, p < 0.001 for one month; MD -5.67, 95% CI: -6.77 to -4.57, p < 0.001 for

PLOS ONE | DOI:10.1371/journal.pone.0168081 December 16, 2016 4/14



@° PLOS | ONE

Dry Eye after SMILE versus FS-LASIK: A Meta-Analysis

PRISMA 2009 Flow Diagram in this meta-analysis
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Fig 1. Flow chart showing literature search strategy. LASIK = laser in situ keratomileusis; SMILE = small incision lenticule extraction;
FLEx = femtosecond lenticule extraction; RCTs = randomized controlled trials. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The
PRISMA Group (2009). Preferred Reporting ftems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PloS Med 6(7):

€1000097. doi: 10.1371/journal.pmed1000097.
doi:10.1371/journal.pone.0168081.9001
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Table 2. Jadad Scale for Randomized Controlled Trials (RCTs).

Study Randomization Blinding Withdraws Sum of Score
Demirok et al[12] 2013 1 0 1 2

doi:10.1371/journal.pone.0168081.t002

three months; MD -6.88, 95% CI: -11.76 to -2.00, p = 0.006 for six months) (Fig 4B-4D,
Table 4).

TFO. Two publications reported data for TFO [6,12]. There was no statistically significant
change in either group at any time point postoperatively compared with preoperatively [12].
An examination of the forest plot revealed no significant differences between the two groups at
one month (MD -5.00, 95% CI: -16.95 to 6.96, p = 0.41) and six months (MD -6.23, 95% CI:
-22.60 to 10.13, p = 0.46) after surgery (Fig 5A and 5B, Table 4).

Sensitivity analysis and publication bias

The results of the leave-one-out analysis on the majority of outcomes showed that most exclu-
sions did not alter the results of the previous analyses. After excluding Xia et al.’s study [17],
heterogeneity was reduced in TBUT outcome (I” from 74% to 0% for one week post-surgery
and I” from 88% to 49% for one month post-surgery) and OSDI outcome (I from 70% to 37%
for six months post-surgery), but the pooled results remained unchanged. In the SIT outcome,
heterogeneity was reduced (I* from 80% to 0% for one week post-surgery) after excluding the
study by Demirok et al. [12], and the pooled result showed that SIT scores were significantly
higher in the SMILE group than in the FS-LASIK group in the remaining studies. No signifi-
cant publication bias was demonstrated in the funnel plot.

Discussion

Given the popularity of refractive surgery and the prevalence of ocular dryness complaints
after such procedures, we performed a meta-analysis to compare dry eye after SMILE versus
FS-LASIK at one week, one month, three months, and six months postoperatively. According
to the Dry Eye Workshop definition, dry eye disease is a multifactorial pathology that includes
tear film changes with or without corneal damage, ocular symptoms, visual degradation, and
decreased tear osmolarity, which together degrade quality of life [6]. Thus, a full and appropri-
ate evaluation composed of tear film quality (as measured by TBUT and TFO), patient-
reported, vision-related quality of life (as measured by OSDI), and the quantity of tear fluid
(as measured by SIT) was adopted.

Table 3. Newcastle—Ottawa Scale for Observational Studies (cohorts).

Study Selection Comparability Outcome Total score
Denoyer et al[6] 2015 *xXX *% %% 8
Lietal[14] 2013 ®ER® * *% 7
Wang et al[16] 2015 % *% *xx% 9
Xia et al[17] 2016 *HER *x * 8
Xu et al[15] 2014 % * %% 7

A higher overall score corresponds to a lower risk of bias; a score of five or less (out of nine) indicates a high
risk of bias. Each * equals 1 point.

doi:10.1371/journal.pone.0168081.t003
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A SMILE FS-LASIK Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

Demirok 2013 9 12 28 9.1 1 28 38.1% -0.10[-0.68, 0.48] -

Li 2013 8.58 4.42 38 7.88 5.57 33 2.3% 0.70 [-1.66, 3.06]

Wang 2015 9.87 1.57 47 9.56 1.35 43 35.0% 0.31[-0.29,0.91]

Xia 2016 68 3 69 7.8 33 59 10.5% -1.00([-2.10,0.10]

Xu 2014 10.35 3.28 81 11.09 3.15 97 14.1% -0.74[-1.69, 0.21] —

Total (95% CI) 263 260 100.0% -0.12 [-0.48, 0.23] 4

Heterogeneity: Chi’ = 6.51, df = 4 (P = 0.16); I = 39% 710 =5 5

Test for overall effect: Z = 0.68 (P = 0.50) Favours [SMILE] Favours [FS-LASIK]
B SMILE FS-LASIK Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, d 95% CI 1V, Rand 95% CI

Demirok 2013 9.9 28 28 10.1 23 28 33.8% -0.20([-1.54,1.14]

Li 2013 4.32 3.57 37 4.7 3.65 32 29.3% -0.38[-2.09, 1.33]

Xia 2016 6.4 3.1 69 45 3.2 59  36.9% 1.90 [0.80, 3.00]

Total (95% CI) 134 119 100.0% 0.52 [-1.04, 2.08]

Heterogeneity: Tau? = 1.40; Chi® = 7.83, df = 2 (P = 0.02); I> = 74% B jS ) é T

Test for overall effect: Z = 0.66 (P = 0.51) Favours [SMILE] Favours [FS-LASIK]
C SMILE FS-LASIK Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, 95% CI v, 95% CI

Demirok 2013 109 2.8 28 10.7 2.4 28 16.0% 0.20[-1.17,1.57] =g

Denoyer 2015 29 1.7 30 S 19 30 18.2% 0.80[-0.11, 1.71] I

Li 2013 5.68 4.84 37 3.77 291 31 13.5% 1.91[0.04, 3.78] T

Wang 2015 6.28 1.35 47 6.53 1.24 43 19.6% -0.25[-0.79, 0.29] -

Xia 2016 9.7 6.5 69 4.2 3.4 59  14.0% 5.50[3.74, 7.26] —_———

Xu 2014 6.79 2.25 81 6.41 2.96 97 18.8% 0.38[-0.39, 1.15] ™

Total (95% CI) 292 288 100.0% 1.23 [0.05, 2.41] s 2

Heterogeneity: Tau? = 1.78; Chi? = 41.18, df = 5 (P < 0.00001); I = 88% BT = ) ¥ 5

Test for overall effect: Z = 2.04 (P = 0.04) Favours [SMILE] Favours [FS-LASIK]
D SMILE FS-LASIK Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

Demirok 2013 116 2.8 28 109 2.8 28 4.2% 0.70 [-0.77, 2.17] T

Li 2013 5.03 3.83 36 4.43 4.22 30 2.4% 0.60 [-1.36, 2.56] P

Wang 2015 8.21 0.95 47 7.42 0.96 43 57.9% 0.79[0.39, 1.19] |

Xia 2016 6 2.2 69 5.1 22 59 15.5% 0.90[0.14, 1.66] ==

Xu 2014 5.79 2.38 81 5.67 2.14 97 20.1% 0.12 [-0.55, 0.79] -

Total (95% CI) 261 257 100.0% 0.66 [0.36, 0.96] [}

Heterogeneity: Chi? = 3.29, df = 4 (P = 0.51); I> = 0% ™o % ) t 1=

Test for overall effect: Z = 4.33 (P < 0.0001) Favours [SMILE] Favours [FS-LASIK]
E SMILE FS-LASIK Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, d 95% CI v, d 95% CI

Demirok 2013 111 2.7 28 104 25 28 13.3%  0.70[-0.66, 2.06] i

Denoyer 2015 7 18 30 52 1.8 30 17.3% 1.80 [0.89, 2.71] o

Li 2013 7.06 3.85 36 4.97 3.57 30 10.2% 2.09 [0.30, 3.88] o

Wang 2015 9.57 0.93 47 8.19 1.45 43 20.7% 1.38[0.87, 1.89] -

Xia 2016 6.3 2.1 69 6.6 1.6 59 19.6% -0.30[-0.94,0.34] —=r

Xu 2014 7.39 2.36 81 7.13 2.56 97 18.9%  0.26 [-0.46, 0.98] T

Total (95% CI) 291 287 100.0%  0.89[0.12, 1.66] L d

Heterogeneity: Tau? = 0.68; Chi? = 25.05, df = 5 (P = 0.0001); I* = 80% _'10 _'5 é ‘0

Test for overall effect: Z = 2.27 (P = 0.02) Favours [SMILE] Favours [FS-LASIK]
F Six months Baseline Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI 1V, 95% CI

Demirok 2013 11.1 2.7 28 9 1.2 28  20.0% 2.10[1.01, 3.19] —

Li 2013 7.06 3.85 36 8.58 4.42 38 16.5% -1.52[-3.41,0.37] i~

Wang 2015 9.57 0.93 47 9.87 1.57 47  21.8% -0.30[-0.82,0.22]

Xia 2016 6.3 2.1 69 6.8 3 69 20.9% -0.50[-1.36, 0.36] T

Xu 2014 7.39 2.36 81 10.35 3.28 81 20.8% -2.96 [-3.84, -2.08] -

Total (95% CI) 261 263 100.0% -0.62[-2.10,0.87] *

Heterogeneity: Tau® = 2.55; Chi® = 53.23, df = 4 (P < 0.00001); I> = 92% t t

Test f Il effect: Z = 0.81 (P = 0.42 -10 == 0 > 10

est for overall effect: Z = 0.81 (P = 0.42) Favours [Six months] Favours [Baseline]

G Six months Baseline Mean Difference Mean Difference
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Fig 2. Forest plot showing the mean difference (MD) of tear breakup time (TBUT) comparing small
incision lenticule extraction (SMILE) with femtosecond laser-assisted laser in situ keratomileusis
(FS-LASIK) (A) preoperatively and in postoperative visits at (B) one week, (C) one month, (D) three
months and (E) six months. Forest plot showing the MD of TBUT in the (F) SMILE and (G) FS-LASIK
groups at six months postoperatively compared with preoperatively. Cl = confidence interval;

SD = standard deviation.

doi:10.1371/journal.pone.0168081.9002
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Table 4. Results of the examination of the forest plots (p value).

Six months versus Baseline (p

value)
The SMILE The FS-LASIK | Baseline| One week post-
group group surgery
TBUT 0.42 0.07 0.50 0.51
SIT 0.02 < 0.00001 0.42 0.20
OSDI 0.79 1< 0.00001 0.53 —

TFO - - - -

SMILE versus FS-LASIK (p value)

One month post- Three months post- Six months post-
surgery surgery surgery
10.04 1< 0.0001 10.02

0.57 0.19 0.62
1< 0.00001 1< 0.00001 10.006
0.41 - 0.46

TBUT, tear breakup time; SIT, Schirmer’s | test; OSDI, ocular surface disease index; TFO, tear film osmolarity.

Tp<0.05.

doi:10.1371/journal.pone.0168081.t004

Previous meta-analyses suggested that SMILE shows obvious superiority over FS-LASIK by

exhibiting a lower risk of postoperative dry eye [3-5]. However, a different conclusion has

been drawn in our study.

In terms of tear film quality, although the SMILE group had a longer TBUT at one month,
three months, and six months postoperatively than the FS-LASIK group, there were no statisti-
cally significant changes in TBUT and TFO values at six months postoperatively compared
with preoperatively in either group. In terms of fluid quantity, SIT values were significantly

decreased at the six-month postoperative visit in both SMILE and FS-LASIK groups. There
was no significant difference between these two groups at any time point. Denoyer et al.’s pro-
vided the postoperative values at six months but could not provide preoperative values [6], so
the number of studies included in the comparison for FS-LASIK versus SMILE at six months
postoperatively and the comparisons for postoperative six months versus preoperative values
in both FS-LASIK and SMILE groups are different, which explains the different results in these
comparisons. In general, both SMILE and FS-LASIK achieved acceptable tear film quality and
similarly decreased tear fluid quantity at six months postoperatively. The SMILE group does
not have obvious competitive superiority in objective parameters over the FS-LASIK group.

Subjective symptoms are also important in the diagnosis of dry eye. The various studies
used different questionnaires to compare subjective symptoms. There was no significant dif-
ference between the SMILE and FS-LASIK groups in either the McMonnies score [15] or the
Salisbury eye evaluation questionnaire [16] at the end of follow-up. The OSDI questions were
drawn from three subscales: ocular symptoms, vision-related functions, and environmental
triggers [14]. In our analysis, significant differences in OSDI scores between the SMILE and
FS-LASIK groups existed at all time points. Moreover, OSDI scores in the SMILE group
returned to preoperative levels at six months, but significant increases in the postoperative
scores were still found in the FS-LASIK group at that same point in time. It thus appears that
people in the SMILE groups enjoyed significantly better vision-targeted, health-related quality
of life. Considering the two studies [14,17] that reported OSDI scores employed cohorts with-
out blinding methods, psychological factors may have influenced the accuracy of and confi-
dence in the results, meaning that some people could have preferred SMILE because it was a
new and ostensibly better approach.

Like dry eye, corneal sensation reduction is fairly common after refractive surgery. The

included RCT suggested that there was no association between corneal sensation and dry eye
parameters [12], but other studies have suggested that decreased corneal sensation does play a
role in postoperative dry eye [2,6,23-25]; one possible explanation is that corneal nerves can
be cut during flap creation in LASIK, and subsequent excimer ablation further severs stromal
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Fig 3. Forest plot showing the mean difference (MD) on the Schirmer’s | test (SIT) comparing small
incision lenticule extraction (SMILE) with femtosecond laser-assisted laser in situ keratomileusis
(FS-LASIK) (A) preoperatively and in postoperative visits at (B) one week, (C) one month, (D) three
months and (E) six months. Forest plot showing the MD of SIT in the (F) SMILE and (G) FS-LASIK
groups at six months postoperatively compared with preoperatively. Cl = confidence interval;

SD = standard deviation.

doi:10.1371/journal.pone.0168081.9003
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Fig 4. Forest plot showing the mean difference (MD) in ocular surface disease index (OSDI) comparing small incision lenticule
extraction (SMILE) with femtosecond laser-assisted laser in situ keratomileusis (FS-LASIK) (A) preoperatively and in
postoperative visits at (B) one month, (C) three months and (D) six months. Forest plot showing the MD of OSDI in the (E) SMILE
and (F) FS-LASIK groups at six months postoperatively compared with preoperatively. Cl = confidence interval; SD = standard

deviation.

doi:10.1371/journal.pone.0168081.g004
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Fig 5. Forest plot showing the mean difference (MD) in tear film osmolarity (TFO) comparing small incision lenticule extraction
(SMILE) with femtosecond laser-assisted laser in situ keratomileusis (FS-LASIK) at (A) one month and (B) six months
postoperatively. Cl = confidence interval; SD = standard deviation.

doi:10.1371/journal.pone.0168081.9005

nerve fiber bundles, leading to decreased corneal sensation and increased dry eye symptoms
[26]. The SMILE procedure, by contrast, uses a small side cut instead of creating a flap and
achieves refractive change by lenticule creation with a femtosecond laser instead of by photoa-
blation with an excimer laser. One meta-analysis reported that corneal sensitivity in the
SMILE group recovered faster than in the FS-LASIK group during the first three months post-
operatively, but that recovery was similar six months after surgery [13].

Our results should be interpreted with caution, because the study has a relatively small sam-
ple size, given the low number of published articles. Furthermore, we conducted a sensitivity
analysis by excluding each study in turn to investigate the influence of the individual studies
on the pooled estimates. While that analysis did not alter most primary analysis results, it did
reveal that Xia et al.’s [17] and Demirok et al.’s [12] studies were the major source of statistical
heterogeneity for TBUT and SIT respectively. This heterogeneity may have been due to the use
of artificial tears in the SMILE group in Xia et al.’s study and design differences between
Demirok et al.’s study and the others. Heterogeneity may also arise due to regional origin,
changes in technology, and other factors, but that could not be explored formally because of
the low number of included studies. A random effects model was used in outcomes with statis-
tical heterogeneity to obtain a relatively conservative result.

Quality assessment showed that all included cohorts had good quality, although the RCT
scored relatively poorly. Trials have found that three to six months are needed for corneal
nerves to return to preoperative status after refractive surgery [27-30]. The follow-up visits in
each included study went on for at least six months, which makes our conclusion practical and
could help patients make more informed decisions.

In conclusion, the present meta-analysis suggests that dry eye after both SMILE and FS-LA-
SIK usually occurs transiently. SMILE does not show obvious superiority over FS-LASIK by
exhibiting similar and acceptable objective parameters, and SMILE may have milder subjective
symptoms.
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