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Abstract

Objectives To report the refractive and visual outcomes of small incision lenticule extraction (SMILE) with the thinnest
corneal thickness (CCT) of less than 500 um and evaluate it in terms of safety and efficacy.

Setting Refractive Surgery Clinic of University of Health Sciences Beyoglu Eye Training and Research Hospital, Istanbul,
Turkey.

Design Retrospective case series.

Methods The pre-and-postoperative examinations of all patients with thin corneas (preoperative CCT <500 um) who
underwent the SMILE procedure and had a minimum of 24 months of follow-up records were reviewed from medical files.
The main outcome measures of the refractive and visual outcomes and the effect on corneal high order aberrations (HOAs)
were evaluated.

Results The study included 55 eyes of 39 patients. The mean preoperative uncorrected visual acuity (UDVA) was 1.3+ 1.5
logMAR, and the mean postoperative UDV A was significantly improved to 0.05 + 0.80 logMAR at the last visit (p <0.001).
At the last follow-up, 84% of the eyes were within + 0.50D, and 96% of the eyes were within +1.00D of attempted SE
refraction. The HOAs of coma (p <0.001), secondary astigmatism (p = 0.015), spherical aberration (p <0.001), and RMS
(p <0.001) aberrations increased significantly from the baseline to the postoperative last visit. The increase in trefoil was not
significant (p = 0.32). No sight threatening complications or ectasia were observed during the follow-up time.

Conclusion SMILE is a safe and effective technique with long-term stability for treatment of myopia in eyes with a thin
cornea, and satisfactory results can be obtained if candidates for surgery are selected carefully with particular emphasis on
normal preoperative corneal topography.

Introduction
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new surgical technique which includes a minimally invasive
flap-free procedure for correction of myopia and myopic
astigmatism. Since it was first introduced by Sekundo et al.
in 2011 [1, 2], promising clinical results have been reported
[3-9], and long-term results continue to be evaluated [10-13].
However, SMILE results on specific patient groups like
patients with thin corneas need to be evaluated in order to
thoroughly assess the safety and efficacy of the procedure.
There are several studies in the literature that investigate
the results of other refractive surgery procedures such as
photorefractive keratectomy (PRK) or laser in situ kerato-
mileusis (LASIK) on patients with thinnest corneal thick-
ness (CCT) less than 500 um [14—19]. There are also studies
about the clinical results and morphologic results of small
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incision lenticule extraction (SMILE) when combined with
accelerated crosslinking [20, 21]. However, to the best of
our knowledge, there is a lack of data in the literature
focusing SMILE results on thin cornea eyes alone.

The aim of this study was to report the refractive and
visual outcomes of SMILE with CCT less than 500 ym and
evaluate it in terms of safety and efficacy.

Material and methods

The medical records of all patients with thin corneas
(preoperative CCT < 500 um) who underwent the SMILE
procedure at the Refractive Surgery Department of Uni-
versity of Health Sciences Beyoglu Eye Training and
Research Hospital were evaluated retrospectively. This
study was conducted in accordance with the principles of
the Declaration of Helsinki and approved by the institu-
tional ethical committee board of University of Health
Sciences Okmeydani Training and Research Hospital,
Istanbul. Written informed consent was obtained from each
patient before the procedure. All patients were over the age
of 18 and had a normal corneal topographic pattern and
stable refraction for at least 1 year preoperatively. None of
the eyes had a calculated postoperative residual stromal bed
thickness (RSBT) below 250 um. Patients who had any
ocular pathology other than refractive error or history of
ocular surgery and patients with a follow-up of less than
24 months were excluded from the study.

Preoperative and postoperative examinations

All patients had a complete preoperative ophthalmic
examination including UDVA and CDVA, manifest
refraction and cycloplegic refraction measurements (KR-1
Auto Kerato- Refractometer, Topcon, Japan), Goldmann
applanation tonometry, and thorough slit-lamp evaluation
and dilated fundus examination. In addition, corneal topo-
graphy, ocular wavefront analysis, corneal wavefront ana-
lysis, dynamic infrared pupillography with a Scheimpflug
camera combined with placido-disk corneal topography and
aberrometry system (6-mm pupil diameter, Sirius, Costru-
zioni Strumenti Oftalmici, Florence, Italy) were performed.
Patients wearing contact lenses were instructed to stop their
use at least 2 weeks prior to the examination.

The patients were followed-up postoperatively at routine
1-day, 1-week, 1-month, 6-month and 12-month visits.
Annual routine visits were scheduled for the patients
thereafter. Postoperative examinations included UDVA,
CDVA, manifest refraction, slit-lamp evaluation, corneal
topography, and recordings for any adverse effects or
complications. The root mean square (RMS) values of the
total high order aberration (HOA), spherical aberration,

secondary astigmatism as well as coma and trefoil aberra-
tions at 6-mm diameter central corneal zone were obtained
from the topography data. The cases were divided into
two groups according to both preoperative refractive status
(<—4 Dioptres, > —4 Dioptres) and central CCT
(470-485 pm; 485-500 pm). Despite the analysis for all the
eyes; further comparisons were performed for subgroups in
terms of postoperative refractive features and CCT.

Surgical technique

All surgical procedures within the scope of this study were
performed using the VisuMax (Carl Zeiss Meditec, Ger-
many) femtosecond laser platform using the same laser
settings as described in detail in the literature. The follow-
ing settings were used for all procedures: a spot size of 3 pm
was used for lamellar incisions and 2 um for side-cuts, a
spot energy of 140 nanojoules (nJ) was used along with a
minimum lenticule side-cut thickness of 15 um, lenticule
side-cut angle of 120°, and optical zone of 6.5 mm. The cap
diameter was planned to have a 7.5 mm diameter with a 50°
side-cut angle in the superior region. The cap thickness
(CT) was planned as 120 um for all eyes. A small-sized
interface was used for all patients. All patients were
informed for the surgical limits, and the maximum intended
refraction was —1.0 D for eyes that would seem to have
postoperative RSBT very close to 250 pm. After the lenti-
cule cut and side-cut were completed, any remaining tissue
bridges were removed with a thin blunt spatula, and the
lenticule was extracted mechanically with a pair of forceps.
The postoperative regimen included moxifloxacin 0.5%
ophthalmic solution for 5 days and dexamethasone 0.1%
ophthalmic solution for two weeks, each four times a day.
Preservative-free artificial tear drops were continued for at
least one month subsequently.

Statistical analysis

All statistical analyses were performed using SPSS software
(version 21.0; IBM, Armonk, NY). The distribution of the
variables was analyzed using the Kolmogorov-Smirnov
test. Mean, standard deviation, minimum-maximum and
frequency values were used in descriptive statistical ana-
lyses. The paired sample t-tests and correlations were used
to evaluate the results, where applicable. The safety index
(postoperative CDV A/preoperative CDVA ratio) and effi-
cacy index (postoperative UCV A/preoperative CDV A ratio)
were calculated.

All visual acuity data were converted to logarithmic scale
(logarithm of the minimum angle of resolution-logMAR)
prior to statistical analysis. A p value < 0.05 was considered
to denote the results as statistically significant. The included
graphics were constructed using Microsoft Excel templates
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Table 1 Summary of

preoperative and Parameters Mean + SD (Range) p value

postoperative data. Preoperative Postoperative
UDVA (logMAR) 1.3£1.5 (0.7 to 2.0) 0.05+0.80 (—0.10 to 0.40) p<0.001
CDVA (logMAR) 0.05+1.00 (0 to 0.2) 0.0+ 1.00 (—0.10 to 0.15) p=0.001
Sphere (D) —4.51+£1.25 (—2.25 to —6.50) —0.1+0.30 (—1.75 to 0.00) p<0.001
Cylinder (D) —0.53+£0.56 (0 to —2.00) —0.17+£0.33 (—1.50 to 0.00) p<0.001
SE (D) —4.81+1.22 (—2.50 to —7.50) —0.19£0.39 (—2.00 to 0.00) p<0.001
CCT (um) 491.4 £7.40 (471 to 499) 393.6 +19.3 (355 to 432) p<0.001
Kapex (D) 45.47+£1.74 (41.58 to 48.64) 40.23 +3.45 (43.81 to 48.00) p<0.001
Kiean (D) 44.15 +1.68 (40.67 to 47.41) 40.13 +1.50 (36.36 to 42.62) p<0.001
Kvb 10.14 +£2.50 (5 to 15) 12.85+3.05 (6 to 22) p<0.001
Corneal cylinder (D) —0.93+£0.35 (—0.10 to —1.86) —0.82+0.38 (—0.20 to —1.87)  p=0.119

(2013, Microsoft Corporation, Seattle, WA, USA) designed
by London Vision Clinic (London, W1G 7LA, UK).

Results

A total of 55 eyes of 39 patients (39 women, 16 men)
with CCT of less than 500 um who underwent the
SMILE procedure for myopia were included in the study.
The mean age was 26.9 +3.7 years (range 20-37 years),
and the mean follow-up time was 33.3 + 11.4 months (range
24-78 months). The preoperative and postoperative find-
ings of the patients are summarized in Table 1.

Visual acuity

The mean preoperative UDVA was 1.3 +1.5 logMAR,
and the mean postoperative UDVA was significantly
improved to 0.05+0.80 logMAR at the last visit (p<
0.001). At the last visit examination of the 55 eyes, 51
eyes (92.7%) had UDVA of 20/25 or better, and 41 eyes
(74.5%) had UDVA of 20/20 or better (Fig. 1a). The mean
preoperative CDVA was 0.05+1.00 logMAR. At the
baseline examination of the 55 eyes; 53 eyes (96.4%) had
CDVA of 20/25 or better, and 36 eyes (65.5%) had
CDVA of 20/20 or better (Fig. la).The comparison of
the results according to preoperative refractive status was
summarized in Table 2.

Efficacy

The mean preoperative UDVA and CDVA were 1.3+ 1.5
(ranging from 0.7 to 2.0) logMAR and 0.05 + 1.0 (ranging
from O to 0.2) logMAR, respectively. At the last follow-up
visit, the mean UDVA improved to 0.05+0.80 (ranging
from —0.10 to 0.40) logMAR, and efficacy index (post-
operative UDVA/pre-operative CDVA) was 0.97 +0.15.
Figure la shows the cumulative Snellen visual acuities.
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Safety

At the last follow-up visit, the mean CDVA was 0.0+ 1.00
(ranging from —0.10 to 0.15) logMAR, and the safety index
(post-operative CDV A/pre-operative CDVA) was 1.07
0.15. Figure 1b shows the changes in the CDVA lines.
At the last follow-up examination, no patient showed a loss
of two or more lines of CDVA. Seven eyes (12.7%) with
one line CDVA loss was intentionally undercorrected in
order to respect the RSBT of 250 pm. No vision-threatening
complications or ectasia were observed during surgery or
the postoperative follow-up period.

Predictability

Figure 1c presents a scatter plot of the attempted versus
achieved correction of 55 eyes in terms of spherical
equivalent refraction. At the last follow-up examination,
84% of the eyes were within + 0.50 D, and 96% of the eyes
were within +1.00 D of attempted SE refraction. Figure 1d
demonstrates the postoperative SE refraction of the eyes at
the last visit. At the last follow-up examination, 87% of the
eyes had an astigmatism <0.50 D, and 98% of the eyes had
an astigmatism <1.00 D. Figure le demonstrates pre and
postoperative astigmatism refraction of the 55 eyes.

Stability

Figure 1f shows the stability of spherical equivalent
refraction in terms of the difference in SE between the
intended and achieved correction over the post-operative
period of time.

Corneal high-order aberrations
Data of the corneal high order aberrations (HOAs) are

summarized in Table 3. The HOAs of coma (p <0.001),
secondary astigmatism (p = 0.015), spherical aberration
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Fig. 1 Analysis of the pre-and-
postoperative data of the eyes
that underwent SMILE
procedure. a The cumulative
Snellen visual acuity for SMILE
on thin corneas. CDVA:
corrected distance visual acuity,
UDVA: uncorrected distance
visual acuity. b Change in lines
of corrected distance visual
acuity after SMILE on thin
corneas. CDVA: corrected
distance visual acuity.

¢ Attempted versus achieved
spherical equivalent refraction
after SMILE on thin corneas.

d Spherical equivalent refraction
after SMILE on thin corneas.

e Refractive astigmatism after
SMILE on thin corneas. f Time
course of spherical equivalent
refraction after SMILE on thin
corneas.

Table 2 Visual acuity and
refractive status changes due to
preoperative values.
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<—4 D (n:13) >—4 D (n:42) P* value
Preoperative UCVA 0.08 £0.02 (0.05-0.1) 0.03£0.02 (0.01-0.2) <0.001
Preoperative BCVA 0.96 £0.07 (0.8-1.0) 0.92+0.11 (0.6-1.0) 0.155
Preoperative SE —3.25+0.6 (—4.0-(-)2.5) —52+0.92 (=7.5-(—)4.1) <0.001
Postoperative UCVA 0.92+0.07 (0.8-1.0) 0.89+£0.18 (0.4-1.2) 0.623
Postoperative BCVA 0.96 +£0.05 (0.9-1.0) 1.00+0.11 (0.7-1.2) 0.210
Postoperative SE 0.00+0 (0-0) —0.24+0.42 (—2-0) 0.046

UCVA Uncorrected Visual Acuity, BCVA Best Corrected Visual Acuity, SE Spherical Equivalent.

*Student ¢ test.

significantly from the baseline to the postoperative last

visit examination. The increase in trefoil was not significant

(p =0.32).

Thinnest corneal thickness (TCT)

The mean preoperative and postoperative TCT were

491.4+7.40 (range from 471 to 499) and 393.6+19.3

SPRINGER NATURE
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Table 3 Preoperative and

postoperative corneal high order Parameters Mean £ SD (Range) p value
aberrations. Preoperative Postoperative
RMS 0.41+0.12 (0.22 to 0.74) 0.61 £0.20 (0.34 to 1.16) p<0.001
Trefoil 0.14 +0.09 (0.02 to 0.37) 0.17 +0.08 (0.05 to 0.42) p=0.32
Coma 0.24 +0.14 (0.02 to 0.59) 0.43+0.23 (0.03 to 0.99) p<0.001
Secondary astigmatism 0.05+£0.04 (0.01 to 0.19) 0.08 £0.05 (0.01 to 0.23) p=0.015
Spherical aberration 0.23+£0.07 (0.03 to 0.35) 0.31+0.12 (0.07 to 0.65) p<0.001
I;gifngsscaigrgi)sct‘é?gftlevaﬁon 470-485 pm(n:10) 485-500 pm (n:45) P* value
izf‘l?ie“ due to preoperative Preoperative CCT (um) 477 +4.69 (471-485) 494.4 +3.32 (486-499) <0.001
Preoperative Kvb (um) 11.0+£1.63 (9-13) 9.94£2.6 (5-15) 0.230
Postoperative CCT (um) 393.3+£21.3 (361-424) 393.6+ 19 (355-432) 0.957
Postoperative Kvb(um) 13.3+4.9 (6-22) 12.75+£2.52 (6-17) 0.614
RSBT(um) 277.1 £17.5 (261-306) 274.2 +17.05 (250-312) 0.630

CCT Central corneal thickness, Kvb Posterior elevation, RSBT residual stromal bed thickness.

*Student 7 test.

(range from 355 to 432) um, respectively. The mean lenti-
cule thickness (LT) was 96.7 +19.1 pm (range from 56 to
131). The mean RSBT value was found to be 264.7 +
11.7 ym, which was calculated using the CT and maximum
LT subtracted from the preoperative TCT. The comparison
of the results due to preoperative central CCT was sum-
marized in Table 4.

Targeted undercorrection

Seven (12.7%) of the eyes were left uncorrected intention-
ally in order to respect the RSBT of 250 um. For these 7
eyes, the mean preoperative SE refraction value
was changed from —6.35+0.26 (ranging from —6.62 to
—6.00) to —1.03+£0.46 (ranging from —2.00 to —0.75),
postoperatively. The mean preoperative and postoperative
CDVA were 0.1 +0.9 (ranging from 0.2 to 0) and 0+0.8
(ranging from 0.1 to —0.1) logMAR, respectively. The
mean postoperative UDVA was 0.2+0.8 (ranging from
0.4 to 0.1) logMAR. The mean RSBT was 253+2.9
(251-259) pm. The efficacy index for this subgroup
was 0.77+0.16 (0.44-0.87); despite this relatively lower
efficacy, the safety index was higher than the total group:
1.26+£0.20 (0.89-1.50). The efficacy index for the
remaining eyes when this undercorrected group is excluded
is 0.99 +0.13 (0.80-1.50).

Discussion

Since Seiler et al. first reported iatrogenic ectasia after
LASIK in 1998 [22, 23]; corneal ectasia has been one of the

SPRINGER NATURE

most important and serious postoperative complications
after refractive surgery, causing visual loss and refractive
aberrations. Its prevention has been a major concern for
refractive surgeons, thus comprehension of its causes and
risk factors has gained importance in terms of surgical
predictability. Operating on eyes with low preoperative
CCT and postoperative low RSBT are suggested as sig-
nificant risk factors for postoperative ectasia [24].

As an alternative to LASIK, the SMILE technique for
treatment of myopia has demonstrated reduced biomecha-
nical impact on corneal strength, resulting in lower risk of
iatrogenic ectasia when compared to LASIK. There are only
four cases of post-SMILE ectasia reported in the literature,
three of which showed preoperative abnormal topography
findings [25]. The mean preoperative TCT value for these
cases was 520 =29 um (ranging from 513 to 559 um), and
all were above 500 um [25], suggesting preoperative topo-
graphic abnormality but not low preoperative TCT as the
responsible risk factor for progression to postoperative
ectasia, at least in three of the cases.

In our study, the mean preoperative TCT and the mean
RSBT were 491.4+7.40 um and 264.7 + 11.7 ym, respec-
tively. All of the preoperative topography examinations
showed no abnormality. At the last follow-up, no cases of
ectasia were observed in any of our patients. We preferred
to perform the SMILE procedure in all of the cases since
collagen networks of anterior stroma and biomechanical
integrity of the cornea are preserved better in SMILE with
respect to LASIK [25].

There are several studies in the literature that focus on
outcomes of refractive surgical procedures, PRK and
LASIK, on patients with thin corneas. Hashemi et al.
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demonstrated the results of PRK in patients with CCT
<500 um and found that PRK is a safe, effective, and pre-
dictable procedure on thin corneas but precipitates an
increase in HOAs [15]. Their results of improvement of
vision and refraction were similar to our study; they found
the efficacy and safety of the procedure to be 1.00 +0.05
and 1.01 £0.05, whereas we found 0.97 £0.15 and 1.07 =
0.15, respectively. Our study is also similar to this study in
terms of the statistically significant increase in HOAs. In
another study reporting the long-term results (1-3 years) of
PRK on 68 eyes with thin corneas, PRK was suggested as a
safe and predictable technique for myopic refractive cor-
rections [14]. In another report from our country analyzing
the long-term safety and efficacy of PRK in eyes with
thin residual thickness (<400 um), there was no sight-
threatening haze or ectasia at the end of follow-up period
(24 to 66 months) [26].

Although operating on eyes with thin corneas is con-
sidered as a risk factor for post-LASIK ectasia, Caster
et al. encountered no postoperative ectasia in their study
on 109 eyes with thin corneas (CCT 450-500 um) but
without any known risk factors for keratectasia [27].
In another study comparing thin corneas that underwent
LASIK with thicker corneas, CDVA of 20/20 or better at
the last follow-up was found in 99.1% of eyes, whereas
we found it in 74.5% of eyes in our study [18]. We believe
that the difference is due to their high mean preoperative
CDVA value of —0.22+0.07 logMAR, whereas it was
0.05+1.00 logMAR in our study. Furthermore, they
concluded that there were no significant differences in
terms of safety, efficacy, and long-term stability of LASIK
between the thin cornea group and control group [18].
Song et al. investigated the long term safety of LASIK on
eyes with thin corneas; they found efficacy and safety
index values of the procedure to be 0.99 and 1.09,
respectively, which is similar to our results [19]. In their
study, 71% and 88% of eyes were within +0.50 D and
+1.00 D of attempted SE refraction, respectively. In the
present study, our outcomes were similar yet slightly
better as we found 84% and 96% of eyes within +0.50 D
and +1.00 D of attempted SE refraction, respectively. The
difference probably stems from their high preoperative SE
value of —6.17 +2.56 D (ranging from —1.50 to —15.00)
when compared to ours; they included 79 eyes (45.1%)
with SE>—6.00 D, whereas we only had 10 eyes
(18.2%). Djodeyre et al. reported results of LASIK with
microkeratome on eyes with CCT <470 um and found it
to be safe, effective, and predictable with a significantly
better safety index (1.07 £0.12) when compared to the
group treated with laser surface ablation methods [28].
The important issue is that all eyes in all these studies had
normal topographical pattern and RSBT over 250 um; so
the most remarkable point is that the topographical pattern

precedes CCT in terms of safety for LASIK and the other
keratorefractive techniques [29].

To the best of our knowledge, our study is the first to
report the clinical and refractive outcomes of SMILE on
thin corneas. We were comfortable choosing the SMILE
technique for treating myopia in our patients with thin
corneas, since it results in less injury to subbasal nerve
plexus and less impact on the corneal biomechanical
integrity with the advantage of being a minimally invasive
and flap-less procedure. As a consequence, it has the benefit
of less dry eye symptoms and lack of flap-related compli-
cations as it is demonstrated in several previous studies
in the literature [1, 4, 11, 25]. On the other hand, increase
in corneal (HOAs) is an expected result of the SMILE
procedure as well as other corneal refractive surgery tech-
niques. In the prospective study by Shah et al. that inves-
tigated the results of the SMILE technique, the increase
detected in the HOAs was the same as found in our study,
including significant increases in coma, spherical aberra-
tion, and secondary astigmatism but not in the trefoil [1].

In the current study, 84% and 96% of eyes were within
+0.50 D and +1.00 D of attempted SE refraction,
respectively. In another study from our clinic, Agca and
his colleagues reported that 98% of eyes with mild to
moderate myopia were within +0.50 D of attempted SE
refraction postoperatively [13]. This is because of our
tendency for undercorrection when preoperative TCT is
below 500 um and it is a priority to not exceed the limits
for residual stromal thickness. When the patients with
targeted undercorrection are left out, the efficacy index
(0.99 £0.13) is comparable with other studies [30-32],
which report results of SMILE for corneas with central
CCT of 550+30 in low to moderate myopia. So this
residual SE refraction does not deteriorate the uncorrected
distance visual acuities of the participants and does not
reduce the efficacy of this procedure for thin corneas if
only it is less than 0.75 D.

Limitations of our study include its retrospective nature
of design and small sample of eyes studied. Also, the
postoperative follow-up time interval may not be sufficient
in order to evaluate iatrogenic ectasia development. Thus,
our inclusion criteria required a minimum of 24 months; we
have participants with 78 months of follow-up time and the
mean follow- up time was 33 months. More substantial
interpretations can be made in the presence of a comparison
group of eyes either with normal CCT or with thin corneas
undergoing different refractive surgery methods other than
SMILE. Furthermore, we did not obtain any proof about
corneal biomechanical stability because we did not evaluate
corneal hysteresis or corneal resistance factor by an ocular
response analyser or another novel technology dynamic
Scheimpflug Analyzer (Corvis ST) [33]. Further reports
with these examinations are necessary to assess the
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biomechanical stability with more remarkable proofs rather
than the lack of ectasia.

In conclusion, our results demonstrate that SMILE is a
safe and effective technique with a minimum 2-years sta-
bility for treatment of myopia in eyes with a thin cornea.
Although 500 um has generally been regarded as a “cut-off
value” for safe refractive surgery by many surgeons, we
claim that satisfactory results can be obtained from treat-
ment of myopia in eyes with thin cornea using the SMILE
technique if candidates for surgery are selected carefully
with particular emphasis on normal preoperative corneal
topography [14]. Further prospective randomized com-
parative studies with a large number of eyes and longer
follow-up periods are needed in order to confirm the out-
comes of this present study.

Summary
What was known before

e Small incision lenticule extraction (SMILE) is a safe and
effective procedure with long-term stability for treat-
ment of myopia, however its outcomes in patients with
thin corneas has not been studied.

What this study adds

e Although 500 um has generally been regarded as a cut-
off value for safe refractive surgery by many surgeons
so far, SMILE technique can be performed in eyes with
preoperative CCT <500 um with satisfactory outcomes
and a minimum 1-year stability for treatment of myopia
if special attention is paid for the presence of normal
preoperative corneal topography.
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