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Abstract

Purpose

The goal of this study was to compare small incision lenticule extraction (SMILE) with femto-
second laser-assisted in situ keratomileusis (FS-LASIK) for treating myopia.

Methods

The CENTRAL, EMBASE, PubMed databases and a Chinese database (SinoMed) were
searched in May of 2016. Twelve studies with 1,076 eyes, which included three randomized
controlled trials (RCTs) and nine cohorts, met our inclusion criteria. The overall quality of
evidence was evaluated using the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) working group framework. Data were extracted and ana-
lysed at three to six months postoperatively. Primary outcome measures included a loss of
one or more lines of best spectacle corrected visual acuity (BSCVA), uncorrected visual
acuity (UCVA) of 20/20 or better, mean logMAR UCVA, postoperative mean spherical
equivalent (SE) and postoperative refraction within +1.0 D of the target refraction. Second-
ary outcome measures included ocular surface disease index (OSDI), tear breakup time
(TBUT) and Schirmer’s 1 test (S1T) as dry eye parameters, along with corneal sensitivity.

Results

The overall quality of evidence was considered to be low to very low. Pooled results
revealed no significant differences between the two groups with regard to a loss of one or
more lines in the BSCVA (OR 1.71; 95% CI: 0.81, 3.63; P = 0.16), UCVA of 20/20 or better
(OR0.71; 95% CI: 0.44, 1.15; P=0.16), logMAR UCVA (MD 0.00; 95% CI: -0.03, 0.04; P =
0.87), postoperative refractive SE (MD -0.00; 95% CI: -0.05, 0.05; P = 0.97) or postoperative
refraction within £1.0 D of the target refraction (OR 0.78; 95% CI: 0.22, 2.77; P = 0.70) within
six months postoperatively. The pooled analysis also indicated that the FS-LASIK group
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suffered more severely from dry eye symptoms (OSDI; MD -6.68; 95% CI: -11.76, -2.00;
P =0.006) and lower corneal sensitivity (MD 12.40; 95% CI: 10.23, 14.56; P < 0.00001) at
six months postoperatively.

Conclusions

In conclusion, both FS-LASIK and SMILE are safe, effective and predictable surgical
options for treating myopia. However, dry eye symptoms and loss of corneal sensitivity may
occur less frequently after SMILE than after FS-LASIK.

Introduction

Laser-assisted in situ keratomileusis (LASIK) has been the standard refractive surgery used for
treating myopia since the 1990s[1]. One of the critical steps in this procedure is the creation of
a corneal flap[2], which is followed by corneal ablation using a separate excimer laser. This cor-
neal flap is traditionally created by mechanical microkeratomes (MK)[3], and the application
of femtosecond laser increases predictability of flap depth, allowing LASIK surgery to be safer
and more precise.

With the introduction of the femtosecond laser (VisuMax, Carl Zeiss Meditec AG) in 2006,
a new method of intrastromal keratomileusis, small incision lenticule extraction (SMILE),
emerged[4]. SMILE is a novel form of ‘flapless’ surgery, where the lenticule is extracted through
a much smaller corneal incision[5].

SMILE seems to be an option when refractive surgery is planned[6], and recent studies have
reported the benefits of SMILE over FS-LASIK([7,8]. There were also conflicting reports about
the postoperative visual recovery and corneal stability of these two procedures[9-11]. Thus,
the aim of present study was to review in greater depth the available studies for understanding
the differences of safety, efficacy and predictability between SMILE and FS-LASIK. A meta-
analysis of the existing randomized controlled trials (RCTs) and cohorts using SMILE and
FS-LASIK to correct myopia was performed.

Materials and Methods

A systematic review and meta-analysis were performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and Meta-analysis of
Observational Studies in Epidemiology (MOOSE) guidelines[12, 13].

Search strategy

Two reviewers independently searched the PubMed, EMBASE, Cochrane Central Register of
Controlled Trials (CENTRAL) and a Chinese database (SinoMed) for records that compare
SMILE and LASIK for treating myopia. The search terms were composed of myopia (e.g. myo-
pia, shortsight and nearsighted), LASIK (e.g. LASIK and Keratomileusis, Laser In Situ) and
SMILE (e.g. SMILE, lenticule extraction). The search process of PubMed was showed in S1
Appendix. No date or language restrictions in the electronic search for the trials were used, and
the last search was run on May 4, 2016. The titles and abstracts were independently screened
by two reviewers; then, the potentially relevant reports were assessed as complete manuscripts.
Discrepancies between the reviewers were resolved by discussion.
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Inclusion and exclusion criteria

The following selection criteria were used to identify the studies for inclusion in this meta-anal-
ysis: 1) original papers which reported independent data, 2) adults with stable myopia or myo-
pic astigmatism, and the absence of systemic or localized ocular disease, and 3) the use of
standard surgical techniques (SMILE and FS-LASIK). Abstracts, case-reports, reviews, letters,
comments non-comparative studies and non-human investigations were excluded. When mul-
tiple investigations were reported by the same team from the same institution, only the latest
or the studies with the largest data set was included. Articles without outcomes of interest were
excluded from this review.

Outcome measures

Data were extracted and analysed at three to six months postoperatively. The primary outcome
measures were postoperative safety, efficacy and predictability at the end of the follow-up,
while the safety measure was a loss of one or more lines of best spectacle corrected visual acuity
(BSCVA). The efficacy measures included the percentage of eyes with an uncorrected visual
acuity (UCVA) of 20/20 or better and the mean logMAR UCVA. The postoperative mean
spherical equivalent (SE) and the percentage of eyes within +1.0 D of the target refraction were
the predictability measures. The dry eye parameters, including ocular surface disease index
(OSDI), tear breakup time (TBUT) and Schirmer’s 1 test (S1T), along with corneal sensitivity
were also reviewed as secondary outcome measures. Overall, at least one of the primary out-
come measures was required in the included studies.

Data extraction and quality assessment

The data extraction and quality assessment were independently completed by two reviewers,
and the following information was extracted from each study: first author, year of publication,
study design, location, language, number of eyes enrolled, age of patients, degree of myopia,
laser platform, duration of follow-up and outcome data. Those studies without all of the data
points could be included, and the authors were contacted to provide more information when
necessary. Five authors were contacted and one responded|[14].

The risk of bias for the RCT's was evaluated using the Cochrane Risk of Bias Tool[15], while
the Newcastle-Ottawa Scale (NOS) was adopted to assess each cohort[16]. The overall quality
of evidence was evaluated using the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) working group framework.

Statistical analysis

Meta-analysis was performed for the comparisons of outcomes. Additionally, an odds ratios
(OR) and the corresponding 95% confidence interval (CI) were calculated for the dichotomous
outcomes. For the continuous measures, the mean difference (MD) and the corresponding
95% CI were used, and a P < 0.05 was considered to be statistically significant difference.
When the P-value for heterogeneity is < 0.10 or I? is > 50%, substantial heterogeneity was
detected. The fixed effect model (FEM) was used when no heterogeneity was observed through-
out included studies. Otherwise, the random effect model (REM) was used[17,18].

Subgroup analyses were performed on the primary outcomes with regard to the study
design (RCT's versus cohorts) and region (Asia versus Europe). In addition, a sensitivity analy-
sis was performed to evaluate the robustness of the results, and each study in the meta-analysis
was excluded in turn to investigate the influence of the individual studies on the pooled esti-
mates, which was called a ‘leave-one-out’ analysis. Publication bias was estimated using Begg’s
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and Egger’s tests[19,20], and the statistical analyses were performed using RevMan software
(version 5.3; Cochrane Collaboration, Oxford, United Kingdom) and STATA (version 12.0;
Stata Corporation, College Station, Texas, USA).

Results
Search results

The electronic database searches identified 186 citations, 134 of which were excluded after the
initial search and screening of the titles and abstracts. After further consideration of the
remaining 52 articles, 40 studies were excluded for following reasons: three studies reported
the duplicate data, 22 studies did not provide the primary data identified in this study, 13 stud-
ies were pertinent to the FLEx procedure instead of the SMILE procedure, and 2 studies com-
pared SMILE and FS-LASIK for treating hyperopia rather than treating myopia. Finally, three
RCTs[7,21,22] and nine cohorts[9,10,14,23-28] were included in this meta-analysis. A flow
diagram showing the search and selection process is provided in Fig 1.

Study characteristics

A total of 1076 eyes (567 assigned to the SMILE group and 509 assigned to the FS-LASIK
group) in twelve included studies were enrolled in this research. Of the twelve selected studies,
nine were conducted in China[10,14,21-24,26-28], including two published in Chinese[23,24],
one was conducted in France[9], one was conducted in India[7] and one was conducted in Ger-
many[25]. The main characteristics of the included studies are described in Table 1.

Quality assessment

The risk-of-bias assessment of the included RCTs[7,21,22] is presented in Figures A and B in
S1 File. Ganesh and Gupta’s study|[7] generated an adequately randomized sequence; however,
the patients were randomly allocated into one of two treatment groups per their own choice in
Lin et al.’s study[21]; In addition, the randomization method was unknown in Liu et al.’s study
[22]. Moreover, allocation concealment was not mentioned in any study. Whether they were
conducted in a blinded fashion is unknown, but presumably this was not done because the two
procedures are inherently different and the participants would know which procedure they
were undergoing. There was no loss of follow-up in any of the studies, and all of them were free
of reporting bias or any other bias. The NOS system was used to assess the quality of the
included cohorts[9,10,14,23-28]. For selection, no selection bias was found in each study. For
comparability, all studies have controlled for the most important factors. For outcome, six
studies had only three-months follow-up[14,23,24-26,28]. All of the cohorts rated total scores
of more than five, indicating a low risk of bias (S1 Table).

Primary outcome criteria

Loss of one or more lines of BSCVA. Seven studies reported data for the percentage of
eyes that lost one or more lines[7,14,21-23,27,28]. No patient lost one or more lines in two
studies[7,28], and an examination of the forest plot demonstrated no significant difference
between the two groups in the remaining five studies (OR 1.71; 95% CI: 0.81, 3.63; P = 0.16; Fig
2)[14,21-23,27]. Given the wide CI, absolute effect was applied, and no significant difference
between groups was detected (RD 0.02; 95% CI: -0.01, 0.05; P = 0.15).

UCVA of 20/20 or better. At the end of the follow-up, the results of six studies presented
no significant difference between the two groups in achieving a UCVA of 20/20 or better (OR
0.71;95% CI: 0.44, 1.15; P = 0.16; Fig 3)[7,14,21,22,27,28]. After excluding the study by Ganesh
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PRISMA 2009 Flow Diagram in this meta-analysis

Records identified through
database searching

Additional records identified
through other sources
(n=14)

Eligibility Screening Identification

Included

Records after duplicates removed
(n=135)

A 4

Records screened

(n=135)

A 4

Full-text articles assessed
for eligibility

A 4

Records excluded
(n=83)
-Studies without control group: 31
-Studies not pertinent to LASIK: 19
-Studies not pertinent to SMILE: 30
-Studies not pertinent to Myopia: 3

(h=52)

A 4

Studies included in
qualitative synthesis
(n=12)

A 4

Studies included in
guantitative synthesis
(meta-analysis)
(n=12)

RCTs (n =3)
Cohorts (n=9)

A 4

Full-text articles excluded, with
reasons
(n=40)
-Duplicate studies: 3
-No primary outcomes: 22
-Studies pertinent to FLEx: 13
-Studies pertinent to hyperopia: 2

Fig 1. Flow chart showing selection of articles. 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 ltems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): 1000097. doi:10.1371/journal.pmed1000097
For more information, visit www.prisma-statement.org.

doi:10.1371/journal.pone.0158176.g001

PLOS ONE | DOI:10.1371/journal.pone.0158176 July 1,2016

5/16


http://dx.doi.org/10.1371/journal.pmed1000097
http://www.prisma-statement.org

100¥9. 18510 duod jewinolf /g1 '0}:10p

‘papinoid ejep ajesedas ou ‘sdnolb MISY -S4 pue J7|IAS Jo abe uesw ay] 4

SMILE versus FS-LASIK for Myopia: A Systematic Review and Meta-Analysis

PLOS | one

S Je1s noqqy [scle 1o
€ pue S4 Xe\nsIA eve¥ 1S | 0GF¥0ve | <2 Sd XeANSIA e L¥/9'G- |0GF¥0¢c| <ot ysibuz eulyo Hoyoo 9102 Bueyz
O-9A3 onaibba)y
wbienem [22]
9 pue 54 Xe\nsIA 9E'LFEL'G- | 6EFLEC | 69 Sd XeANSIA 2eCFY0S- |vvF2Ge| 69 ysibug Bulyo Hoyoo 9102 [el1eeix
08-I9IN 98)pa [o2]
€ pue S4 XepnsIA c0c* L8 | ¥LF¥G6C | L} Sd XeANsSIA ccL¥8Y9- |89F ' Le| LI usibuz eulyo uoyoo 102 | lele usys
08-I8IN o81P8N [s2]
€ pue S Xe\nsIA CLEFG9€- | L'9F29E | 92 Sd XeANsIA G60FI18€ [LLF99E| €F ysibuz | Auewwen Huoyoo SL0Z | lelelejes
D-9A3 onaibbo|y
IEREI [ee]
9 pue S4 XepnsIA €6'L¥8L'G- [ 0GF¥0Ve | ¥8 Sd XeANsIA 0L} ¥22'S- |0S+0Ge| €t} usibug BUIYD | paziwopuey | 9102 [ele N
08-I19IN 99HPaN [12]
€ pue S4 Xe\nsIA LWW2F89'G- | 29F8VC LS Sd XeNSIA SLLFELS [¥9F6'Ge| 09 ysibuz BUIYD | pdziwopuey | 102 [eleur
D-9A3 onaibba|y
wblenem
€ pue S4 XepnsIA 16'LF¥09- | 69F 1'82 | €F Sd XeANsIA 060F 16V [GE€EFG€EC| cC asaulyd eulyo uoyoo v10z | [velelen
08-I8IN 981pPsN
9 pue S4 Xe\NsIA L9CF96'L- | 99F€Le | €€ Sd XeANsIA YEL¥899- [0LF282| 8E usiibu3 Bulyo Huoyoo eLoz | [otlelen
O-9A3 onalbba)y
IEREI [e2]
€ pue sS4 XensIA €ECFOC9- | €GFE€EC | V6 Sd Xe\NSIA 6CLF L6V [L9F6'GC| €8 asauIyo Beulyo Hoyoo €Loe [elenH
[
SUBWY PUIMyds ejdny pue
€ pue S eseTenu| 9CeFVSE- [«99F¥Le| 0S Sd XeANsIA 60Cc*¥G6'Y- [9GF¥Le| O0S usibug elpu|] | paziwopuey | {102 ysouen
D-9A3 opaibbay
IOTEREI) [6lle 1o
9 pue S eseTenu| 8LV ¥ev'y- | GLF2Ccee | 0F Sd XeANsIA 8ECFG9Y- [LYFL'IE| OF usibug aouel Hoyoo Gloz | 4akous(
D-9A3 onalbba)y
wbieAem [74]
€ pue S4 eseTenu| 09Cc*¢286G- | L'8F€LE | LS Sd XeNSIA 96'L ¥€2'S- |¥6F9CE| VS ysibuz Bulyo Hoyoo G102 | el ueyd
woajeld ase|
(ow) dn | Jowix3 pue waopeld (@)3s (u) wuoje|d sase| (@)3s (u)
-MOJ|04 | Jase| puodasojwa | uea| doaid | (sih)aby | sahk3 | puoodasojwaq | uesy doaid | (sih) aby | sak3 | abenbue | uoneson ubisag IeaA Apnis
MISVI-S4 ITINS

@

“Jusjeainba |eoueyds = 3G YISV paisISse-iase|
PUOOBSOIWa)} = YISV -S4 ‘UOIIORIIXS S[NdNUS| UoISIoul [lews = IINS "MISYT-Sd Pue ITIINS ayi Buliedwo) sisAjeue-ela|y ay} ul papnjou| SAIPNIS JO SONSLIBJORIEYD | qeL

6/16

PLOS ONE | DOI:10.1371/journal.pone.0158176 July 1,2016




@’PLOS ‘ ONE

SMILE versus FS-LASIK for Myopia: A Systematic Review and Meta-Analysis

Study or Subgroup

SMILE

FS-LASIK
Events Total Events Total

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

2.1.1 RCTs

Lin 2014
Liu 2016
Subtotal (95% CI)

Total events

2 60 0

7 113 4
173

9 4

Weight

51 4.8%
84 39.6%
135 44.4%

Heterogeneity: Chi? = 0.51, df = 1 (P = 0.47); I> = 0%
Test for overall effect: Z = 0.86 (P = 0.39)

2.1.2 Cohorts
Chan 2015
Hu 2013

Xia 2016
Subtotal (95% CI)

Total events

4 54 3

0 83 1

7 69 2
206

11 6

57 24.9%
94 12.9%
59 17.8%
210 55.6%

Heterogeneity: Chi? = 1.50, df = 2 (P = 0.47); I> = 0%
Test for overall effect: Z = 1.12 (P = 0.26)

Total (95% ClI)
Total events

379
20 10

345 100.0%

Heterogeneity: Chi? = 2.03, df = 4 (P = 0.73); I = 0%
Test for overall effect: Z = 1.40 (P = 0.16)
Test for subgroup differences: Chi? = 0.01, df = 1 (P = 0.93), I> = 0%

Fig 2. Forest plot showing the odds ratio (OR) of proportion of eyes that lost of one or more lines of best spectacle corrected visual acuity

4.40[0.21, 93.82]

1.32[0.37, 4.67]
1.65 [0.53, 5.19]

1.44 [0.31, 6.75]

—_— .

-l

0.37 [0.02, 9.29]
3.22 [0.64, 16.13]
1.76 [0.65, 4.77]

1.71 [0.81, 3.63]

e

0.01

0.1 ] 10
Favours [SMILE] Favours [FS-LASIK]

(BSCVA) comparing small incision lenticule extraction (SMILE) with femtosecond laser-assisted LASIK (FS-LASIK) within six months
postoperatively. The diamonds represent the summary estimates of all five studies or the subgroup analysis of two RCTs and three cohorts.

doi:10.1371/journal.pone.0158176.9002

Study or Subgroup

SMILE

FS-LASIK
Events Total Events Total

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

100

1.5.1 RCTs
Ganesh 2014
Lin 2014

Liu 2016
Subtotal (95% CI)

Total events

48 50 44

51 60 43

108 113 83
223

207 170

Weight

50 4.5%
51 17.9%
84 10.8%
185 33.2%

Heterogeneity: Chi® = 3.38,df = 2 (P = 0.18); I> = 41%
Test for overall effect: Z = 0.24 (P = 0.81)

1.5.2 Cohorts
Chan 2015

Xia 2016

Zhang 2016
Subtotal (95% CI)

Total events

26 54 37

64 69 59

38 42 19
165

128 115

57 47.8%
59  12.9%
22 6.1%
138 66.8%

Heterogeneity: Chi? = 2.97, df = 2 (P = 0.23); I = 33%
Test for overall effect: Z = 2.00 (P = 0.05)

Total (95% ClI)
Total events

388

335 285

323 100.0%

Heterogeneity: Chi® = 8.08, df = 5 (P = 0.15); 1> = 38%
Test for overall effect: Z = 1.39 (P = 0.16)
Test for subgroup differences: Chi? = 2.22, df = 1 (P = 0.14), I> = 55.1%

Fig 3. Forest plot showing the odds ratio (OR) of proportion of eyes with uncorrected visual acuity (UCVA) 20/20 or better comparing small

incision lenticule extraction (SMILE) with femtosecond laser-assisted LASIK (FS-LASIK) within six months postoperatively. The diamonds
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-~

0.10 [0.01, 1.82]
1.50[0.30, 7.39]
0.51 [0.27, 0.99]

0.71 [0.44, 1.15]

D

0.01

0.1 ] 10
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represent the summary estimates of all six studies or the subgroup analysis of three RCTs and three cohorts.

doi:10.1371/journal.pone.0158176.9003
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and Gupta[7] in the sensitivity analysis, the combined result revealed that more eyes achieved a
UCVA of 20/20 or better in the FS-LASIK group (OR 0.59; 95% CI: 0.35, 0.99; P = 0.05; S2
Table).

UCVA (logMAR). Four studies compared the UCVA outcomes between the SMILE and
FS-LASIK groups[9,10,14,22]. An examination of the forest plot showed no significant differ-
ence between the two groups in the UCVA (MD 0.00; 95% CI: -0.03, 0.04; P = 0.87; Fig 4). An
evident heterogeneity was detected among the study results (I* = 68%). Sensitivity analysis
revealed that the Chan et al.’s study is the source of the statistical heterogeneity[14]. When this
outlier study is removed, there was no evidence of heterogeneity in the remaining studies (I* =
14%; S2 Table). However, the results remained unchanged (MD -0.01; 95% CI: -0.03, 0.01;

P =0.46; S2 Table).

Postoperative refractive SE. Nine publications reported the postoperative refractive SE
(MD -0.00; 95% CI: -0.05, 0.05; P = 0.97; Fig 5) with no significant difference[7,9,14,21-26].
The exclusion of Ganesh and Gupta’s study reduced the heterogeneity (I* from 50% to 9%) [7],
but the results remained unchanged (MD -0.02; 95% CI: -0.06, 0.01; P = 0.18; S2 Table).

Postoperative refraction within +1.0 D of the target refraction. Data were collected
from four studies[14,21-23], and the forest plot for this outcome showed no significant differ-
ence between the two surgical procedures (OR 0.78; 95% CI: 0.22, 2.77; P = 0.70; Fig 6). All
eyes achieved the postoperative refraction within +1.0 D of the target refraction in Liu et al.’s
study[22].

Secondary outcome criteria

Dry eye symptoms. Of the twelve included studies, four mentioned dry eye postopera-
tively[7,9,10,27]. In Ganesh and Gupta’s study[7], reductions in Schirmer’s I and II tests and
the TBUT were seen in both groups at three months. These postoperative values were signifi-
cantly lower in the FS-LASIK group than in the SMILE group[7]. In the other three studies
[9,10,27], data from the OSDI, TBUT and S1T at six months were available; thus, a meta-
analysis was conducted for these comparisons (S1 Fig). The results showed that as compared

SMILE FS-LASIK Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.1.1 RCT
Liu 2016 -0.14 0.07 113 -0.14 0.06 84 34.4%  0.00[-0.02, 0.02] %
Subtotal (95% CI) 113 84 34.4% 0.00[-0.02, 0.02]

Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

1.1.2 Cohorts

Chan 2015 0.087 0.145 54 0.029 0.079 57 23.4% 0.06 [0.01, 0.10] —
Denoyer 2015 0.07 0.1 30 0.08 0.1 30 20.7% -0.01[-0.06, 0.04] I

Li 2013 -0.08 0.1 36 -0.04 0.1 30 21.5% -0.04[-0.09, 0.01] — T
Subtotal (95% CI) 120 117 65.6% 0.00 [-0.06, 0.06] -

Heterogeneity: Tau? = 0.00; Chi? = 9.26, df = 2 (P = 0.010); I> = 78%
Test for overall effect: Z = 0.12 (P = 0.91)

Total (95% CI) 233 201 100.0% 0.00 [-0.03, 0.04] ’
Heterogeneity: Tau? = 0.00; Chi? = 9.44, df = 3 (P = 0.02); I> = 68%
Test for overall effect: Z = 0.17 (P = 0.87)

Test for subgroup differences: Chi? = 0.01, df = 1 (P = 0.91), I> = 0%

-02 -0.1 0 0.1 0.2
Favours [experimental] Favours [control]

Fig 4. Forest plot showing the mean difference (MD) of uncorrected visual acuity (UCVA; logMAR) comparing small incision lenticule
extraction (SMILE) with femtosecond laser-assisted LASIK (FS-LASIK) within six months postoperatively. The diamonds represent the summary
estimates of all four studies or the subgroup analysis of one RCT and three cohorts.

doi:10.1371/journal.pone.0158176.9004
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SMILE FS-LASIK Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
3.4.1 RCTs
Ganesh 2014 -0.14 0.28 50 -0.27 0.24 50 13.1% 0.13[0.03, 0.23] —_—
Lin 2014 -0.09 0.38 60 -0.02 0.35 51 9.4% -0.07 [-0.21, 0.07]
Liu 2016 -0.04 0.15 113 0 0.11 84 23.7% -0.04[-0.08, -0.00] —a
Subtotal (95% CI) 223 185 46.2% 0.01[-0.11,0.12] —_—
Heterogeneity: Tau? = 0.01; Chi? = 9.91, df = 2 (P = 0.007); I*> = 80%
Test for overall effect: Z = 0.11 (P = 0.91)
3.4.2 Cohorts
Chan 2015 -0.073 0.503 54 -0.036 0.298 57 7.8% -0.04[-0.19, 0.12]
Denoyer 2015 -0.03 0.41 30 0.13 0.4 30 5.1% -0.16 [-0.36, 0.04] ¢
Hu 2013 0.11 0.23 83 0.08 0.25 94 17.9%  0.03 [-0.04, 0.10] e —
Li 2014 0.32 0.22 22 0.34 0.27 43  10.7% -0.02[-0.14, 0.10]
Sefat 2015 -0.04 0.26 43 -0.03 0.33 26 8.3% -0.01[-0.16, 0.14]
Shen 2014 -0.19 0.33 17 -0.36 0.38 17 4.0% 0.17[-0.07, 0.41] »
Subtotal (95% Cl) 249 267 53.8% 0.00[-0.05, 0.06]

Heterogeneity: Tau? = 0.00; Chi® = 5.28,df =5 (P = 0.38); I> = 5%

Test for overall effect: Z = 0.11 (P = 0.92)

Total (95% CI) 472

452 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 16.04, df = 8 (P = 0.04); I = 50%

Test for overall effect: Z = 0.04 (P = 0.97)

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.96), 1> = 0%

-0.00 [-0.05, 0.05]

e
. -

-02  -0.1 0 0.1 0.2
Favours [SMILE] Favours [FS-LASIK]

Fig 5. Forest plot showing the mean difference (MD) of postoperative refractive spherical equivalent (SE) comparing small incision lenticule
extraction (SMILE) with femtosecond laser-assisted LASIK (FS-LASIK) within six months postoperatively. The diamonds represent the summary
estimates of all nine studies or the subgroup analysis of three RCTs and six cohorts.

doi:10.1371/journal.pone.0158176.9005

with the SMILE group, the OSDI was significantly impaired in the FS-LASIK group (MD -6.68;
95% CI: -11.76, -2.00; P = 0.006; S1 Fig), leading to the severer dry eye symptoms.

Loss of corneal sensitivity. Three studies reported the corneal sensitivity of the SMILE
and FS-LASIK groups[9,10,27]. The data from Li et al.[10] and Xia et al.[27] were available for

SMILE FS-LASIK Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
4.1.1 RCTs
Lin 2014 59 60 51 51 25.2% 0.39 [0.02, 9.66] =
Subtotal (95% CI) 60 51 25.2%  0.39[0.02, 9.66] —
Total events 59 51
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)
4.1.2 Cohorts
Chan 2015 51 54 56 57 55.8% 0.30[0.03, 3.01] i
Hu 2013 82 83 91 94 19.0% 2.70[0.28, 26.50] =
Subtotal (95% CI) 137 151 74.8%  0.91[0.22, 3.73] —l
Total events 133 147
Heterogeneity: Chi* = 1.75,df = 1 (P = 0.19); I* = 43%
Test for overall effect: Z = 0.13 (P = 0.90)
Total (95% ClI) 197 202 100.0% 0.78 [0.22, 2.77] -l
Total events 192 198
FP 2 — — 212 — No Il Il Il Il
Heterogeneity: Chi* = 1.97, df = 2 (P = 0.37); I° = 0% 0.01 o1 i 0 100

Test for overall effect: Z = 0.39 (P = 0.70)

Test for subgroup differences: Chi? = 0.23, df = 1 (P = 0.63), I> = 0%

Fig 6. Forest plot showing the odds ratio (OR) of proportion of eyes within 1.0 D of target refraction comparing small incision lenticule
extraction (SMILE) with femtosecond laser-assisted LASIK (FS-LASIK) within six months postoperatively. The diamonds represent the summary
estimates of all three studies or the subgroup analysis of one RCT and two cohorts.

doi:10.1371/journal.pone.0158176.9006

Favours [SMILE] Favours [FS-LASIK]
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Table 2. Summary of Findings.

Outcome

Loss of one or more
lines of BSCVA follow up:
within six months

UCVA of 20/20 or better
follow up: within six
months

UCVA (logMAR) follow
up: within six months

Postoperative refractive
SE follow up: within six
months

Postoperative refraction
within 1.0 D of target
refraction follow up:
within six months

OSDI follow up: at six
months

Corneal sensitivity follow
up: at six months

meta-analysis. An examination of the forest plot showed that the corneal sensitivity in the
SMILE group was higher than that in the FS-LASIK group (MD 12.40; 95% CI: 10.23, 14.56;
P < 0.00001; S2 Fig).

Quality evaluation

The overall quality of the meta-analysis is shown in Table 2. The assessment was considered to
be of low to very low quality. Study design was the main reason to downgrade the overall qual-
ity of evidence, as the GRADE group suggested. Moreover, high heterogeneity, a limited num-

ber of participants and wide CIs downgraded the quality of outcomes respectively.

Publication bias

The Begg’s test (P = 0.296 to 1.000) and Egger’s test (P = 0.479 to 0.965) were applied to all of
the primary outcomes, and did not reveal any publication bias.

Anticipated absolute effects (95% Cl) Relative | Ne of participants Quality of the Comments
Risk with Risk with SMILE * effect (95% (studies) evidence
FS-LASIK ch (GRADE)
29 per 1,000 49 per 1,000 (24 to 98) OR1.71 724 (2RCTsand 3 | @ OOO VERY |30 events. Cl: 0.81 to
(0.81to cohorts) Low 2 3.63.
3.63)
882 per 1,000 842 per 1,000 (767 to 896) | OR0.71 711 (3RCTsand 3 | OO LOW' Observational
(0.44 to cohorts) studies were
1.15) considered to be of a
low grade.
The mean UCVA | The mean UCVA - 434 (1RCTand3 | ®OOQOVERY |[I?=68%
(logMAR)was 0 | (logMAR) in the cohorts) Low's3
intervention group was 0
(0.03 fewer to 0.04 more)
The mean The mean postoperative | - 924 (3RCTsand6 | «OOO VERY | 1P=50%
postoperative refractive SE in the cohorts) Low'?3
refractive SE was | intervention group was 0
0 (0.05 fewer to 0.05 more)
980 per 1,000 975 per 1,000 (916 t0 993) [ OR0.78 399 (1RCTand2 | @OOQO VERY 399 participants. Cl:
(0.22to cohorts) Low 2 0.22t02.77.
2.77)
The mean OSDI | The mean OSDI in the - 254 (3cohorts) ' | @ OO VERY | 254 participants. Cl:
was 0 intervention group was Low 23 -11.76 t0 -2.00. I =
6.88 fewer (11.76 fewer to 70%
2 fewer)
The mean corneal | The mean corneal - 194 (2cohorts) ' | @ OOO VERY | 194 participants. Cl:
sensitivity was 0 | sensitivity in the Low 2 10.23 to 14.56.

intervention group was
12.4 more (10.23 more to
14.56 more)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI). Cl: Confidence interval; OR: Odds ratio; MD: Mean difference; RCTs: randomized controlled trials; SMILE: small incision
lenticule extraction; FS-LASIK: femtosecond laser-assisted LASIK; BSCVA: best spectacle corrected visual acuity; UCVA: uncorrected visual acuity; SE:
spherical equivalent; OSDI: ocular surface disease index.
' Observational studies were considered to be of a low grade.
2 Few participants or events, wide Cls.

3 High heterogeneity.

doi:10.1371/journal.pone.0158176.1002
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Table 3. Subgroup Analyses on Study Design. BSCVA = best spectacle corrected visual acuity, UCVA = uncorrected visual acuity, SE = spherical equiv-
alent, RCT = randomized controlled trials, OR = odds ratio, MD = mean difference, Cl = confidence interval, I? = extent of inconsistency.

Study design (RCTs versus cohorts) Studies Eyes (n) Effect measure Test for subgroup differences
OR or MD (95% Cl) 12 12 Chi? P value
Loss of one or more lines of BSCVA OR 1.71[0.81, 3.63] 0% 0% 0.93
RCTs 2 308 OR 1.65[0.53, 5.19] 0%
Cohorts 3 416 OR 1.76 [0.65, 4.77] 0%
UCVA of 20/20 or better OR0.71[0.44, 1.15] 38% 55.1% 0.14
RCTs 3 408 OR1.10[0.52,2.33] 41%
Cohorts 3 303 OR 0.51[0.27, 0.99] 33%
UCVA (log MAR) MD 0.00 [-0.03, 0.04] 68% 0% 0.91
RCT 1 197 MD 0.00 [-0.02, 0.02] -
Cohorts 3 237 MD 0.00 [-0.06, 0.06] 78%
Postoperative refractive SE MD -0.00 [-0.05, 0.05] 50% 0% 0.96
RCTs 3 408 MD 0.01 [-0.11, 0.12] 80%
Cohorts 6 516 MD 0.00 [-0.05, 0.06] 5%
Postoperative refraction within £1.0 D of the target refraction OR0.78[0.22,2.77] 0% 0% 0.63
RCT 1 111 OR 0.39[0.02, 9.66] -
Cohorts 2 288 OR0.91[0.22, 3.73] 43%

doi:10.1371/journal.pone.0158176.t003

Sensitivity analysis

The results of the leave-one-out analysis on the majority of the outcomes showed that all exclu-
sions did not alter the results of the previous analyses (S2 Table). In the UCVA outcome, the
pooled result showed that more eyes achieved a UCVA of 20/20 or better in the FS-LASIK
group after excluding the study by Ganesh and Gupta[7]. In the logMAR UCVA outcome,
there was no significant heterogeneity (I* = 14%) among the remaining studies after excluding
the study by Chan et al.[14]. And in the postoperative refractive SE outcome, the heterogeneity
was reduced (I” from 50% to 9%) after excluding Ganesh and Gupta’s study.

Subgroup Analysis

Subgroup analyses were performed on the primary outcomes with regard to the study design
(RCTs versus cohorts) and region (Asia versus Europe) (Tables 3 and 4). More eyes in the
FS-LASIK group than the SMILE group achieved a UCVA of 20/20 or better in cohorts, but
there was no significant difference between the two groups in RCTs, which was consistent with

Table 4. Subgroup Analyses on Region. BSCVA = best spectacle corrected visual acuity,
UCVA = uncorrected visual acuity, SE = spherical equivalent, OR = odds ratio, MD = mean difference,
Cl = confidence interval, I? = extent of inconsistency.

Region (Asia versus Europe) | Studies | Eyes (n) Effect measure Test for subgroup
differences
OR or MD (95% CI) 2 | 2 | Chi?Pvalue
UCVA (log MAR) MD 0.00[-0.03,0.04] | 68% | 0% 0.64
Asia 3 374 MD 0.01 [-0.04, 0.05] | 78%
Europe 1 60 MD -0.01 [-0.06, 0.04] -
Postoperative refractive SE MD -0.00 [-0.05, 0.05] | 50% | 0% 0.32
Asia 7 795 MD 0.01 [-0.05, 0.07] | 57%
Europe 2 129 MD -0.07 [-0.21, 0.08] | 26%

doi:10.1371/journal.pone.0158176.t004
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the combined result (Fig 3, Table 3). There was no heterogeneity between the subgroups
regarding study design or region in the remaining outcomes (I* = 0).

Discussion

The present systematic review and meta-analysis identified three RCTs and nine cohorts inves-
tigating the effects of SMILE and FS-LASIK for the correction of myopia. In our analysis of six
months follow-up, it was found that SMILE achieved similar safety, efficacy and predictability
to FS-LASIK. Additionally, the incidences of postoperative dry eye symptoms and loss of cor-
neal sensitivity in the SMILE group were lower than those in the FS-LASIK group.

Although some cohorts have recently reported comparisons of SMILE and FS-LASIK, RCTs
have rarely been published. The differences in the baseline, such as age or gender, are unlikely
to be significant factors contributing to the study results in refractive surgery directed at the
cornea. In addition, subgroup analyses focusing on study design showed no differences
between the results of RCT's and cohorts except in the UCV A outcome. Moreover, the results
of the RCTs are always consistent with the combined results. Thus, it is feasible and important
to summarize all of the published information, because doing so may help clinicians make the
optimal decision for patients[29].

A major difficulty found in conducting the analysis was the diversity of follow-up interval
variations. There is no generally accepted method for reporting the results of trials involving
refractive procedures[30]. Based on previous studies[22,31,32] and our clinical experience, the
parameters of efficacy, safety and predictability remain stable at three months postoperatively
and beyond. Thus, the data reported at the end of the follow-up were pooled for comparison.

The results of this meta-analysis showed that both SMILE and FS-LASIK are safe, effective
and predictable. In terms of safety, the examination of the forest plot revealed that the percent-
age of eyes losing one or more lines in the SMILE group (5.3% in average) was small and simi-
lar to that in the FS-LASIK group (2.9% in average). Moreover, two studies reported no patient
losing one or more lines post-operation[7,28].

In terms of predictability, both groups achieved excellent postoperative residual error in the
included studies[7,9,14,21-26]. We found no significant differences between the two groups
with regard to the postoperative refractive SE and the proportion of postoperative refraction
within +1.0 D of the target refraction. In particular, Ganesh and Gupta’s study suggested that
SMILE is more predictable than FS-LASIK because the creation of a flap in FS-LASIK exposes
the stroma to hydration changes, leading to the inaccurate removal of the stromal tissue. How-
ever, the remaining studies showed no differences in predictability between the two groups|[7],
which is consistent with the combined result. The explanation for this difference may lie in the
different laser platforms used. The IntraLase femtosecond laser and Schwind Amaris excimer
laser were used in the FS-LASIK procedure in Ganesh and Gupta’s study. There are trials
reporting that VisuMax achieved fewer complications than IntraLase[33,34]. Moreover, one
meta-analysis revealed that the Abbott Star S4 and Mel-80 excimer platforms are more effective
than the Schwind Amaris platform[35]. However, others reported no significant differences
between VisuMax and IntraLase[36,37,38]. A prospective case series reported no differences in
the efficacy between the Schwind Amaris and Wavelight Alleggretto Eye-Q excimer platforms
[39]. The influence of laser platform could not be further explored due to the limited number
of studies available.

In terms of efficacy, no significant differences were detected between the two groups in the
UCVA outcomes. Nevertheless, the I” value in the UCVA in logMAR outcome indicates signif-
icant between-study heterogeneity. Sensitivity analysis revealed that the Chan et al.’s study[14]
is the source of statistical heterogeneity in the meta-analysis for the logMAR UCVA. There was
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no evidence of heterogeneity in the three remaining studies after excluding Chan et al.’s study,
but the exclusion did not alter the result of the previous analysis. Chan et al.’s study includes
only patients with myopic astigmatism, and it supports FS-LASIK as an optimization in treat-
ing patients with myopic astigmatism. However, Zhang et al.’s study, which also includes only
myopic astigmatic patients, reports no difference in efficacy between FS-LASIK and SMILE.
Thus, the heterogeneity may arise from the limited number of studies and external factors. For
this reason, the results in this analysis were pooled using a random effects model. Moreover,
sensitivity analysis did not alter most of the results of the primary analyses, which indicates
that the combined results were robust and reliable.

In consideration of visual quality, further attention should be paid to the influence of sur-
gery on complications rather than on visual acuity alone. Awareness has been growing regard-
ing the occurrence of dry eye symptoms and the loss of corneal sensitivity after refractive
surgery, and three of the included studies compared the measurements between the two groups
with regard to these complications[9,10,27]. The data showed fewer dry eye symptoms and
greater corneal sensitivity in the SMILE group than in the FS-LASIK group six months after
surgery. One hypothesis is that the most important factor in the pathophysiology of refractive
surgery-induced dry eye symptoms and decreased corneal sensitivity is the transection of the
corneal nerves that occurs during these surgeries[40]. Since flap creation severs most corneal
nerves around the ring, a lower corneal nerve density and a smaller number of long fibres and
secondary branching were observed in the FS-LASIK as compared to the SMILE eyes[9]. These
findings provide us with a reasonable explanation. As an all-in-one femtosecond laser flapless
procedure, SMILE likely minimizes the change in the shape of the cornea, maintaining bio-
mechanical stability to the largest extent possible[21].

Our findings are similar to reviews comparing SMILE and FS-LASIK conducted by Lee
et al. and Zhang et al[6,41]. However, Miao et al.’s meta-analysis reported a dissimilar finding
that corneal sensitivity in the SMILE group is better than the FS-LASIK group during the first
three postoperative months, but similar at six months after surgery[42]. There are only five
studies included in this meta-analysis and the heterogeneity is significant among all the results.

The results of this meta-analysis should be interpreted in the context of several important
limitations. First, the preoperative mean SE was statistically different between the SMILE and
FS-LASIK groups in some studies[7,10,23-26], which indicates a probable imbalance between
the study groups and may influence results. Because of the insufficient number of included
studies, the impact of this imbalance could not be formally explored for subgroup analysis.

Second, most of the studies were from Asia. Although the subgroup analysis focusing on
region revealed no significant differences between the results of Asia and Europe, the results
may not be generalizable to other parts of the world.

Third, one study[25] was sponsored by Zeiss and the authors of another study[9] were con-
sultants or board members of Alcon or Abbott Medical Optics. However, the data extracted
from these two studies did not reveal any preference for any corporate connections.

Finally, there was significant statistical heterogeneity in the secondary outcomes. Those
studies reporting only secondary outcomes without primary outcomes were not included in
our review. Data such as high-order aberrations and satisfaction score were insufficient for the
meta-analysis; thus, further meta-analyses including all of the available studies for the second-
ary outcomes should be performed.

In conclusion, both SMILE and FS-LASIK are safe, effective and predictable surgical options
for the correction of myopia. In addition, dry eye symptoms and loss of corneal sensitivity may
occur less frequently after SMILE than after FS-LASIK. However, our findings, which relied
largely on data from cohorts, were considered to be of low to very low quality. This conclusion

PLOS ONE | DOI:10.1371/journal.pone.0158176 July 1,2016 13/16



@’PLOS ‘ ONE

SMILE versus FS-LASIK for Myopia: A Systematic Review and Meta-Analysis

should therefore be interpreted cautiously; high-quality, adequately powered RCT's with a suffi-
cient length of follow-up are warranted.

Supporting Information

S1 Appendix. Search strategy of PubMed.
(DOCX)

S2 Appendix. PRISMA-checklist in this meta-analysis.
(DOCX)

S1 Fig. Forest plot showing the mean difference (MD) of dry eye symptom parameters com-
paring small incision lenticule extraction (SMILE) with femtosecond laser-assisted LASIK
(FS-LASIK) at six months postoperatively. (A) Ocular surface disease index (OSDI; 1-100).
(B) Tear breakup time (TBUT; s). (C) Schirmer’s 1 test (S1T) scores (mm).

(DOCX)

S2 Fig. Forest plot showing the mean difference (MD) of corneal sensitivity comparing
small incision lenticule extraction (SMILE) with femtosecond laser-assisted LASIK (FS-LA-
SIK) at six months postoperatively.

(EPS)

S1 Table. Risk-of-bias assessment of the observational studies (cohorts).
(DOCX)

S2 Table. Results of leave-one-out analysis.
(DOCX)

S1 File. Risk-of-bias assessment of the randomized controlled trials (RCTs).
(DOCX)

Acknowledgments
We thank Dr. Jiliang He for providing guidance and support.

Author Contributions

Conceived and designed the experiments: ZRS KY. Performed the experiments: YHY YCL.
Analyzed the data: KDS. Contributed reagents/materials/analysis tools: XNY. Wrote the paper:
ZRS. Revised the manuscript: KY.

References

1. Sandoval HP, de Castro LE, Vroman DT, Solomon KD. Refractive surgery survey 2004. J Cataract
Refract Surg. 2005; 31:221-33. PMID: 15721716

2. Chen S, FengY, Stojanovic A, Jankov MR Il, Wang Q. Intralase femtosecond laser vs mechanical
microkeratomes in LASIK for myopia: a systematic review and meta-analysis. J Refract Surg. 2011;
28:15-24.

3. Sugar A. Ultrafast (femtosecond) laser refractive surgery. Curr Opin Ophthalmol. 2002; 13:246-9.
PMID: 12165709

4. Vestergaard AH, Grauslund J, lvarsen AR, Hjortdal Jd@. Efficacy, safety, predictability, contrast sensitiv-
ity, and aberrations after femtosecond laser lenticule extraction. J Cataract Refract Surg. 2014;
40:403-11. doi: 10.1016/j.jcrs.2013.07.053 PMID: 24480564

5. Sekundo W, Kunert KS, Blum M. Small incision corneal refractive surgery using the small incision lenti-
cule extraction (SMILE) procedure for the correction of myopia and myopic astigmatism: results of a 6
month prospective study. Br J Ophthalmol. 2011; 95:335-9. doi: 10.1136/bjo.2009.174284 PMID:
20601657

PLOS ONE | DOI:10.1371/journal.pone.0158176 July 1,2016 14/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158176.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158176.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158176.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158176.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158176.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158176.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158176.s007
http://www.ncbi.nlm.nih.gov/pubmed/15721716
http://www.ncbi.nlm.nih.gov/pubmed/12165709
http://dx.doi.org/10.1016/j.jcrs.2013.07.053
http://www.ncbi.nlm.nih.gov/pubmed/24480564
http://dx.doi.org/10.1136/bjo.2009.174284
http://www.ncbi.nlm.nih.gov/pubmed/20601657

@’PLOS ‘ ONE

SMILE versus FS-LASIK for Myopia: A Systematic Review and Meta-Analysis

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Zhang Y, Shen Q, Jia Y, Zhou D, Zhou J. Clinical outcomes of SMILE and FS-LASIK used to treat myo-
pia: a meta-analysis. J Refract Surg. 2016; 32:256—65. doi: 10.3928/1081597X-20151111-06 PMID:
27070233

Ganesh S, Gupta R. Comparison of visual and refractive outcomes following femtosecond laser-assis-
ted LASIK with SMILE in patients with myopia or myopic astigmatism. J Refract Surg. 2014; 30:590-6.
PMID: 25250415

Yao P, Zhao J, Li M, Shen Y, Dong Z, Zhou X. Microdistortions in Bowman's layer following femtosec-
ond laser small incision lenticule extraction observed by fourier-domain OCT. J Refract Surg. 2013;
29:668—-74. PMID: 23938095

Denoyer A, Landman E, Trinh L, Faure JF, Auclin F, Baudouin C. Dry eye disease after refractive sur-
gery: comparative outcomes of small incision lenticule extraction versus LASIK. Ophthalmology. 2015;
122:669-76. doi: 10.1016/j.ophtha.2014.10.004 PMID: 25458707

Li M, Zhao J, Shen Y, Li T, He L, Xu H, et al. Comparison of dry eye and corneal sensitivity between
small incision lenticule extraction and femtosecond LASIK for myopia. PloS one. 2013; 8:e77797. doi:
10.1371/journal.pone.0077797 PMID: 24204971

Gyldenkerne A, lvarsen A, Hjortdal J&. Comparison of corneal shape changes and aberrations induced
by FS-LASIK and SMILE for myopia. J Refract Surg. 2015; 31:223-9. doi: 10.3928/1081597X-
20150303-01 PMID: 25751842

Moher D, Liberati A, Tetzlaff J, Group DGAP. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PloS Med. 2009;e100097.

Stroup DF, Berlin JA, Morton SC. Meta-analysis of observa-tional studies in epidemiology: a proposal
for reporting. JAMA. 2000; 283:2008—12. PMID: 10789670

Chan TC, Ng AL, Cheng GP, Wang Z, Ye C, Woo VC, et al. Vector analysis of astigmatic correction
after small-incision lenticule extraction and femtosecond-assisted LASIK for low to moderate myopic
astigmatism. Br J Ophthalmol. 2015. doi: 10.1136/bjophthalmol-2015-307238

Higgins JP, Altman DG, Getzsche PC. The Cochrane Collaboration's tool for assessing risk of bias in
randomised trials. BMJ. 2011; 343:d5928. doi: 10.1136/bmj.d5928 PMID: 22008217

Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomized studies in meta-analysis. 2014 June 9. Available:
http://www.ohrica/programs/clinical_epidemiology/oxfordasp.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
2003; 327:557-60. PMID: 12958120

DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical trials: an update. Con-
temp Clin Trials. 2007; 28:105-14. PMID: 16807131

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publication bias. Bio-
metrics. 1994; 50:1088-101. PMID: 7786990

Egger M, Davey SG, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical
test. BMJ. 1997; 315:629-34. PMID: 9310563

Lin F, Xu 'Y, Yang Y. Comparison of the visual results after SMILE and femtosecond laser-assisted
LASIK for myopia. J Refract Surg. 2014; 30:248-54. doi: 10.3928/1081597X-20140320-03 PMID:
24702576

LiuM, ChenY, Wang D, Zhou Y, Zhang X, He J, et al. Clinical outcomes after SMILE and femtosecond
laser-assisted LASIK for myopia and myopic astigmatism: a prospective randomized comparative
study. Cornea. 2016; 35:210-6. doi: 10.1097/ICO.0000000000000707 PMID: 26684046

Hu YK, Li WJ, Gao XW, Guo YL, Dong J. Comparison of small incision lenticule extraction and femto-
second laser assisted LASIK for myopia. [Chinese]. International Eye Science. 2013; 13:2074-7.

Li WJ, Hu YK, Gao XW, Cao LP, Dong J, Guo YL, et al. Evaluation of double-pass optical quality analy-
sis system between SMILE and femtosecond LASIK for myopia. [Chinese]. International Eye Science.
2014; 14:1971-4.

Sefat SM, Wiltfang R, Bechmann M, Mayer WJ, Kampik A, Kook D. Evaluation of changes in human
corneas after femtosecond laser-assisted LASIK and small-incision lenticule extraction (SMILE) using
non-contact tonometry and ultra-high-speed camera (Corvis ST). Curr Eye Res. 2015:1-6.

Shen Y, Chen Z, Knorz MC, Li M, Zhao J, Zhou X. Comparison of corneal deformation parameters after
SMILE, LASEK, and femtosecond laser-assisted LASIK. J Refract Surg. 2014; 30:310-8. PMID:
24904933

Xia L, Zhang J, Wu J, Yu K. Comparison of corneal biological healing after femtosecond LASIK and
small incision lenticule extraction procedure. Curr Eye Res. 2016; 1:1-7.

PLOS ONE | DOI:10.1371/journal.pone.0158176 July 1,2016 15/16


http://dx.doi.org/10.3928/1081597X-20151111-06
http://www.ncbi.nlm.nih.gov/pubmed/27070233
http://www.ncbi.nlm.nih.gov/pubmed/25250415
http://www.ncbi.nlm.nih.gov/pubmed/23938095
http://dx.doi.org/10.1016/j.ophtha.2014.10.004
http://www.ncbi.nlm.nih.gov/pubmed/25458707
http://dx.doi.org/10.1371/journal.pone.0077797
http://www.ncbi.nlm.nih.gov/pubmed/24204971
http://dx.doi.org/10.3928/1081597X-20150303-01
http://dx.doi.org/10.3928/1081597X-20150303-01
http://www.ncbi.nlm.nih.gov/pubmed/25751842
http://www.ncbi.nlm.nih.gov/pubmed/10789670
http://dx.doi.org/10.1136/bjophthalmol-2015-307238
http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
http://www.ohrica/programs/clinical_epidemiology/oxfordasp
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://www.ncbi.nlm.nih.gov/pubmed/16807131
http://www.ncbi.nlm.nih.gov/pubmed/7786990
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://dx.doi.org/10.3928/1081597X-20140320-03
http://www.ncbi.nlm.nih.gov/pubmed/24702576
http://dx.doi.org/10.1097/ICO.0000000000000707
http://www.ncbi.nlm.nih.gov/pubmed/26684046
http://www.ncbi.nlm.nih.gov/pubmed/24904933

@’PLOS ‘ ONE

SMILE versus FS-LASIK for Myopia: A Systematic Review and Meta-Analysis

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

Zhang J, Wang Y, Chen X. Comparison of moderate- to high-astigmatism corrections using wavefront-
guided laser in situ keratomileusis and small-incision lenticule extraction. Cornea. 2016. doi: 10.1097/
ico.0000000000000782

Liang JW, Zheng ZC, Yu T, Wang X, Zhang JJ. Is postoperative adjuvant chemoradiotherapy effica-
cious and safe for gastric cancer patients with D2 lymphadenectomy? A meta-analysis of the literature.
EJSO. 2014; 40:1614-21. doi: 10.1016/j.ejs0.2014.04.009 PMID: 24813809

Zhao LQ, Wei RL, Cheng JW, Li Y, Cai JP, Ma XY. Meta-analysis: clinical outcomes of laser-assisted
subepithelial keratectomy and photorefractive keratectomy in myopia. Ophthalmology. 2010;
117:1912-22. doi: 10.1016/j.ophtha.2010.02.004 PMID: 20709406

Shah R, Shah S, Sengupta S. Results of small incision lenticule extraction: All-in-one femtosecond
laser refractive surgery. J Cataract Refract Surg. 2011; 37:127-37. doi: 10.1016/j.jcrs.2010.07.033
PMID: 21183108

Yu CQ, Manche EE. Comparison of 2 wavefront-guided excimer lasers for myopic laser in situ kerato-
mileusis: One-year results. J Cataract Refract Surg. 2014; 40:412—-22. doi: 10.1016/j.jcrs.2013.08.050
PMID: 24581773

Hall RC, Rosman M, Chan C, Tan DT, Mehta JS. Patient and surgeon experience during laser in situ
keratomileusis using 2 femtosecond laser systems. J Cataract Refract Surg. 2014; 40:423-9. doi: 10.
1016/j.jcrs.2013.08.056 PMID: 24461333

Petznick A, Chew A, Hall RC, Chan CM, Rosman M, Tan D, et al. Comparison of corneal sensitivity,
tear function and corneal staining following laser in situ keratomileusis with two femtosecond laser plat-
forms. Clinical ophthalmology (Auckland, NZ). 2013; 7:591-8.

Blanton CL. Meta-analysis of six excimer laser platforms for safety and efficacy in myopic laser-assis-
ted in situ keratomileusis. US Ophthalmic Review. 2015; 8:23-9.

Ang M, Mehta JS, Rosman M, Li L, Koh JC, Htoon HM, et al. Visual outcomes comparison of 2 femto-
second laser platforms for laser in situ keratomileusis. J Cataract Refract Surg. 2013; 39:1647-52. doi:
10.1016/j.jcrs.2013.04.044 PMID: 24054977

Rosman M, Hall RC, Chan C, Ang A, Koh J, Htoon HM, et al. Comparison of efficacy and safety of laser
in situ keratomileusis using 2 femtosecond laser platforms in contralateral eyes. J Cataract Refract
Surg. 2013; 39:1066-73. doi: 10.1016/j.jcrs.2013.02.038 PMID: 23680627

Luengo GF, Chan CM, LiL, Tan DT, Mehta JS. Comparison of eye-tracking success in laser in situ ker-
atomileusis after flap creation with 2 femtosecond laser models. J Cataract Refract Surg. 2011;
37:538—-43. doi: 10.1016/}.jcrs.2010.10.039 PMID: 21333876

Bohac M, Biscevic A, Koncarevic M, Anticic M, Gabric N, Patel S. Comparison of Wavelight Allegretto
Eye-Q and Schwind Amaris 750S excimer laser in treatment of high astigmatism. Graefes Arch Clin
Exp Ophthalmol. 2014; 252:1679-86. doi: 10.1007/s00417-014-2776-2 PMID: 25150049

Wilson SE, Ambrosio R. Laser in situ keratomileusis-induced neurotrophic epitheliopathy. Am J
Ophthalmol. 2001; 132:405-6. PMID: 11530056

Lee JK, Chuck RS, Park CY. Femtosecond laser refractive surgery: small-incision lenticule extraction
vs. femtosecond laser-assisted LASIK. Curr Opin Ophthalmol. 2015; 26:260—4. doi: 10.1097/ICU.
0000000000000158 PMID: 26058022

He M, Huang W, Zhong X. Central corneal sensitivity after small incision lenticule extraction versus
femtosecond laserassisted LASIK for myopia: a meta-analysis of comparative studies. BMC Ophthal-
mol. 2015; 15. doi: 10.1186/512886-015-0129-5

PLOS ONE | DOI:10.1371/journal.pone.0158176 July 1,2016 16/16


http://dx.doi.org/10.1097/ico.0000000000000782
http://dx.doi.org/10.1097/ico.0000000000000782
http://dx.doi.org/10.1016/j.ejso.2014.04.009
http://www.ncbi.nlm.nih.gov/pubmed/24813809
http://dx.doi.org/10.1016/j.ophtha.2010.02.004
http://www.ncbi.nlm.nih.gov/pubmed/20709406
http://dx.doi.org/10.1016/j.jcrs.2010.07.033
http://www.ncbi.nlm.nih.gov/pubmed/21183108
http://dx.doi.org/10.1016/j.jcrs.2013.08.050
http://www.ncbi.nlm.nih.gov/pubmed/24581773
http://dx.doi.org/10.1016/j.jcrs.2013.08.056
http://dx.doi.org/10.1016/j.jcrs.2013.08.056
http://www.ncbi.nlm.nih.gov/pubmed/24461333
http://dx.doi.org/10.1016/j.jcrs.2013.04.044
http://www.ncbi.nlm.nih.gov/pubmed/24054977
http://dx.doi.org/10.1016/j.jcrs.2013.02.038
http://www.ncbi.nlm.nih.gov/pubmed/23680627
http://dx.doi.org/10.1016/j.jcrs.2010.10.039
http://www.ncbi.nlm.nih.gov/pubmed/21333876
http://dx.doi.org/10.1007/s00417-014-2776-2
http://www.ncbi.nlm.nih.gov/pubmed/25150049
http://www.ncbi.nlm.nih.gov/pubmed/11530056
http://dx.doi.org/10.1097/ICU.0000000000000158
http://dx.doi.org/10.1097/ICU.0000000000000158
http://www.ncbi.nlm.nih.gov/pubmed/26058022
http://dx.doi.org/10.1186/s12886-015-0129-5

