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Abstract

Purpose: To present our initial experience with Small Incision
Lenticule Extraction (SMILE) and compare it to a matched sample
of patients that underwent wavefront-guided femtosecond LASIK.
Methods: In this study, we evaluated 121 eyes (61 patients) that underwent SMILE for
myopia/myopic astigmatism. The mean pre-operative sphere ranged between −0.75 and
−7.50 D (mean −3.21 D) and the pre-operative cylinder ranged between 0.0 and −4.75 D
(mean: −0.75 D). Visual and refractive outcomes and patient satisfaction was assessed
in this study, and compared to a cohort of LASIK patients (390 eyes of 200 patients).
Results: Three months post-operatively, the mean post-operative spherical equivalent reduced
to −0.03 ± 0.37 D. Of all SMILE eyes, 93.4% were within 0.50 D of emmetropia and 96.7% were
within 1.00 D. The percentage of eyes achieving 20/20 or better uncorrected distance visual
acuity 3 months post-operatively was 76.2% for SMILE patients and 94.3% for LASIK patients
(p<0.01). There was no statistically significant difference in post-operative satisfaction, severity
of starburst, glare, halos, ghosting/double vision or dry eye symptoms between the two groups.
Conclusion: SMILE is a promising refractive surgery for the future; however, in our sample
of patients, LASIK had better uncorrected visual acuity at early post-operative visits.
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Introduction

Laser In Situ Keratomileusis (LASIK) has
been the most popular corneal procedure
for correcting refractive errors for almost
two decades.1
Although this is a painless procedure
with rapid visual recovery, it still involves
creation of a corneal flap, and some
complications associated with it.
Small Incision Lenticule Extraction
(SMILE) is a relatively new refractive
procedure that is supposed to minimise
the disruption of corneal surface and
therefore minimise some problems
inherent to LASIK, such as dry eyes or
ectasia, while preserving the integrity of
the corneal surface. 2,3
SMILE uses femtosecond laser to create
a lenticule from stromal tissue (size
depends on the amount of attempted
correction), which is then extracted
through a small incision. Refractive
correction is achieved without the need
for excimer ablation.
SMILE procedure is currently approved
only for correction of myopia/myopic
astigmatism up to −10.0 D of spherical
equivalent, with no more than 6.0 D of
cylinder. We report our initial experience
with SMILE lenticular procedures in a
cohort of 121 eyes.

Methods

In this retrospective study, we evaluated
61 consecutive patients (121 eyes) that
underwent SMILE for myopia or myopic
astigmatism. For comparison, we
selected a matched group of patients
that underwent wavefront-guided LASIK
for similar amount of myopia. Inclusion
criteria for both SMILE and LASIK were:
 minimum residual stromal bed 250 μm
 normal topography
 visual acuity correctable to a minimum
of 20/30
 no ocular pathology other than myopia.
The pre-operative examination included
autorefraction and tonometry (Tonoref
II, Nidek Co. Ltd.), corneal topography
(Pentacam, Oculus, Inc.), wavefront
aberrometry (iDesign), endothelial cell
count (SP 2000P specular microscope,
Topcon Europe BV), dilated fundoscopy,
slit lamp examination, manifest and
cycloplegic refractions, uncorrected
(UDVA) and corrected (CDVA) distance
visual acuity.
Post-operatively, UDVA, CDVA, manifest
refraction and slit lamp examination was
performed. Patients were also required
to complete a purpose-developed
questionnaire where they rated their
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satisfaction with vision on the scale: very
satisfied, satisfied, neither, dissatisfied
and very dissatisfied.
Post-operative visual phenomena
and dry eye symptoms were rated on a
scale from 1 (no difficulty) to 7 (severe
difficulty).
Three months’ outcomes are presented
in this study. Uncorrected visual acuity
outcomes were retrieved for up to 12
months post-op.

Santa Ana, CA), using a wavefront-guided
ablation profile (Advanced CustomVue,
Abbott Medical Optics, Inc) derived from
a Hartmann-shack aberrometer (iDesign).
All surgical procedures were performed
under topical anaesthesia. Standard
topical post-operative treatment was
administered to all patients, consisting of
a topical antibiotic, steroids, and artificial
tear drops.

Surgical technique
SMILE

Normality of data samples was evaluated
by the Kolmogorov–Smirnov test. When
normality conditions could be assumed,
the unpaired Student’s t test was used
to compare the two independent groups
(SMILE and LASIK). When parametric
analysis was not possible, the MannWhitney U test was applied.
The chi-square test was used to
compare percentages. All data were
analysed with Microsoft Office Excel
2007 program (Microsoft Corp.) on a
personal computer. A P-value of 0.05 was
considered statistically significant.

For all SMILE procedures, a VisuMax
500 kHz femtosecond laser (Carl Zeiss
Meditec AG, Jena, Germany) was used.
At first, the patient was positioned
under the curved contact glass of a
femtosecond laser and was asked to fixate
on a target. Once appropriate centration
was achieved, suction was applied to the
contact glass.
First, the back of the intrastromal
lenticule was created by photodisruption
from the periphery to the centre, followed
by creation of the lenticule front from
the centre to the periphery and an
incision tunnel located at 11 o’clock.
The lenticule diameter was 6.5 mm and
the cap diameter was 7.5 mm. The incision
length was 2.0 to 2.5 mm. The intended
cap thickness was 100 to 120 μm. After
laser treatment, a thin blunt spatula
was inserted through the incision site to
break the remaining tissue bridges and
loosen the stromal lenticule, which was
removed using McPherson forceps. After
the removal of the lenticule, the stromal
pocket was flushed with saline. Postoperative course of medications consisted
of topical antibiotics for 5 days and a
topical steroid for 2 weeks.

LASIK

All corneal flaps were created by a
femtosecond laser (iFS, Abbott Medical
Optics Inc., Santa Ana, CA) and ablation
was performed using a VISX STAR S4 IR
excimer laser (Abbott Medical Optics,

Statistical analysis

Results

One hundred and twenty-one eyes
(61 patients) that underwent the SMILE
procedure for myopia and myopic
astigmatism were evaluated and compared
to a matched group of patients that
underwent wavefront-guided femtoLASIK. Both groups were matched on
pre-operative age and the amount of preoperative sphere and cylinder (Table I).
Three months post-operatively, 93.4%
of eyes were within 0.50 D of emmetropia
in the SMILE group and 96.7% were within
1.00 D. The mean post-operative spherical
equivalent was −0.03 ± 0.37 D. In the LASIK
group, the mean post-operative spherical
equivalent was −0.02 ± 0.28 D; 94.0% of
eyes were within 0.50 D and 99.5% within
1.0 D of emmetropia.
Of all eyes, 76.2% of SMILE eyes and
94.3% of LASIK eyes had post-operative
UDVA 20/20 or better (p<0.01). The
percentage of eyes achieving UDVA 20/16

Table I: Pre-operative characteristics of the two study groups
Parameter

SMILE

Wavefront-guided
intralase LASIK

p-value

Eyes (patients)

121 (61)

390 (200)

--

Gender: (male/female)

38% / 62%

48% / 52%

0.19

31.0 (19 to 52)

30.6 (19 to 52)

0.75

Pre-operative sphere (D)

−3.21
(−7.50 to −0.75)

−3.04
(−7.50 to −0.75)

0.28

Pre-operative cylinder (D)

−0.75
(0 to −4.75)

−0.77
(0 to −3.75)

0.82

Age (years)

14

Vol 11 | No 2 • Autumn 2016
SA Ophthalmology Journal

CPD: SMILE to t reat myopic ref r ac t ive er ror

or better was 38.1% for SMILE and 79.3%
for LASIK (p<0.01, Figure 1).
Figure 2 shows visual recovery over
12 months. There was a statistically
significant difference in percentage of
patients achieving 20/20 or better UDVA
at 1 month and 3 months post-operative
visits, in favour of LASIK. At 6 months, 9
months and 12 months visit, both LASIK
and SMILE had similar outcomes.

Post-operative questionnaire

Figure 1. Cumulative uncorrected distance visual acuity three months post-operatively.
SMILE n=121 eyes, LASIK n=390 eyes

Figure 2. Visual recovery – percentage of patients achieving 20/20 or better uncorrected
distance visual acuity at each visit. SMILE n=121 eyes, LASIK n=390 eyes

Figure 3 shows post-operative satisfaction
with vision. Overall there was no
statistically significant difference in the
satisfaction score between SMILE and
LASIK, despite the lower visual acuity
in SMILE patients. When comparing
the percentage of dissatisfied/very
dissatisfied patients, the proportion for
LASIK was 1% and for SMILE 5%; however,
this difference was also not statistically
significant (p=0.16). Of all patients, 96%
in the LASIK group and 92% in the SMILE
group would recommend treatment to
their family or friends (p=0.33).
Visual phenomena were measured
on the scale between 1 and 7 and the
mean score for each visual symptom was
calculated. The mean starburst score was
1.82 ± 1.01 for SMILE and 1.82 ± 1.31 for
LASIK (p=0.87). For glare, the mean scores
were as follows: 1.82 ± 1.11 for SMILE and
1.85 ± 1.25 for LASIK (p=0.87). The ghosting/
double vision score was 1.13 ± 1.02 for
SMILE and 1.40 ± 1.29 for LASIK (p=0.14).
Finally, the score for post-operative halo
symptoms was 1.85 ± 1.08 for SMILE and
1.76 ± 1.21 for LASIK (p=0.60).
Figure 4 shows the severity of dry eye
symptoms in the SMILE and LASIK groups.
Most of the patients experienced only
mild dry eye symptoms and there was no
statistically significant difference between
the two groups.

Discussion

Figure 3. Post-operative satisfaction with vision. SMILE n=61 patients, LASIK n=200 patients

The SMILE procedure was developed as
a less invasive alternative to LASIK, with
a growing number of procedures being
performed around the world. 2,3 The SMILE
procedure uses a femtosecond laser to
create a lenticule of tissue within the
cornea, which is then separated from
the overlying and underlying cornea and
extracted through a small corneal incision.
A reasonable number of studies have
already confirmed the efficacy of SMILE,
with the number of patients achieving
20/20 or better UDVA ranging between 62%
and 96% in studies that report a minimum
of 6 months’ follow-up.4-9 The percentage
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of patients with spherical equivalent
within 0.50 D ranges between 80% to
100%.4-9 Blum and colleagues recently
published 5-year follow-up of the very first
cases treated in 2008/2009 and found that
there was no significant change compared
to 6 months’ post-operative data. No eyes
lost two or more lines of CDVA and the
mean regression in the long term was
0.48 D.10 One of the disadvantages of SMILE
over LASIK is slower visual recovery,11 as
seen in our study. However, significant
improvements have been made in this
area by using different energy and spotspacing settings.12
Few studies evaluated the effect of
SMILE on higher order aberrations (HOA).
Sekundo et al.7 followed 27 patients (54
eyes) for 1 year and found an increase in
the total higher order aberrations from
0.17 to 0.27 RMS. However, neither mesopic
nor photopic contrast sensitivity showed
any significant changes compared to the
pre-operative level. Lin and colleagues9
compared 31 patients that underwent
SMILE with 27 patients that underwent
femtosecond LASIK, and found that HOA
and spherical aberration were significantly
lower in the SMILE group than the FS-LASIK
group at 1 and 3 months’ follow-up. In the
much larger study of Gyldenkerne et al.13
(736 eyes), measurement of HOAs over a
5 mm zone on the total cornea showed
that femtosecond LASIK induced 0.11 µm
more coma and 0.13 µm higher spherical
aberration.
A similar comparison was done between
SMILE and LASIK by Yu et al.14 The authors
found that 3 months post-operatively,
SMILE had significantly lower HOAs and
spherical aberration than LASIK, while
coma and trefoil were about the same
between the two groups. Patient-reported
glare and halos were significantly lower
for SMILE. Although we did not measure
post-operative higher order aberration in
our small cohort of patients, we did not
find any difference in patient-reported
post-operative starburst, glare, halo or
ghosting/double vision between SMILE and
wavefront-guided femto-LASIK.
Most patients experience some
decrease in corneal sensation for a period
of time after LASIK.15,16 Because intact
corneal sensation drives tear production,
denervation associated with the LASIK
procedure is the most significant
cause of post-LASIK dry eye.16 With the
SMILE procedure, the anterior cornea is
untouched, therefore one would anticipate
there should be fewer post-operative dry
eye symptoms compared to LASIK.
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Figure 4. Patient-reported severity of post-operative dry eye symptoms, measured on scale
between 1 (no difficulty) to 7 (severe difficulty). SMILE n=61 patients, LASIK n=200 patients
Li et al.17 compared dry eyes between
SMILE and femto-LASIK patients. Ocular
surface, tear break-up time, Schirmer
test, corneal fluorescein staining, and
central corneal sensation were evaluated
pre-operatively and up to 6 months
post-operatively. The authors found that
SMILE surgeries resulted in a short-term
increase in dry eye symptoms, tear film
instability, and loss of corneal sensitivity.
Furthermore, SMILE surgeries had
superiority over femto-LASIK in lower risk
of post-operative corneal staining and less
reduction of corneal sensation.
The same authors later published
a study comparing corneal sensation
between SMILE and femto-LASIK with
Cochet-Bonnet aesthesiometry in five
corneal areas pre-operatively and at
1 week and 1, 3, and 6 months postoperatively.18 The authors again confirmed
that the impairment of corneal sensation
was less significant in the SMILE group
than in the femto-LASIK group and was
independent of pre-operative spherical
equivalent or ablation depth.
Demirok et al.19 also confirmed that
corneal sensation was lower after femtoLASIK compared to SMILE up to 3 months
post-operatively, but interestingly,
the authors did not find a significant
difference between the two procedures
in dry eye parameters such as tear
breakup time, Schirmer test, and tear film
osmolarity.
In our study, we did not find any
difference in patient-reported dry eye
symptoms; however, we did not compare
clinical signs of dry eyes.
Currently, the biggest disadvantage of
SMILE over LASIK is its inability to correct
a wider range of refractions. A recently
published report has shown promising

initial results with hyperopic SMILE; 20
however, further investigation is needed
before hyperopic treatment becomes
adopted in clinical practice.
Although LASIK can currently correct a
broader range of refractive errors, there
is a potential for the SMILE procedure
to correct higher refractions than those
currently correctable with excimer laser
procedures.
Reinstein et al. 21 developed a
mathematical model to estimate the
relative differences in post-operative total
stromal tensile strength (TTS) following
PRK, LASIK and SMILE. They found the
post-operative TTS was considerably
higher after SMILE than PRK or LASIK,
suggesting that SMILE might be able to
correct higher levels of myopia.
Another disadvantage of SMILE is
that surgical enhancements are not as
straightforward as after LASIK. Options
include surface ablation, thin-flap LASIK
or the recently described circle patterns
method. 22 With the circle pattern, the
original SMILE cap is converted into a
complete flap, which is then lifted and
the cornea underneath is ablated with the
excimer laser.

Conclusion

The SMILE procedure is becoming a
promising alternative to LASIK for the
future. The potential benefits include
faster recovery of dry eyes, quicker
re-innervation of corneal nerves and lower
induction of higher order aberrations
compared to LASIK.
Although we did not see significant
advantages over LASIK in our small study,
we believe this is the refractive procedure
of the future because of its less invasive
nature.
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CPD Article – Multiple choice questions

SURNAME

INITIALS

YOUR HPCSA REGISTRATION NO. MP
Address:
Telephone:

Fax:

E-mail:

YES! I would like to receive SA Ophthalmology Journal for FREE monthly.
1

The most popular corneal procedure for
correcting refractive errors is:
a. Radial keratotomy
b. PRK
c. LASIK
d. Penetrating keratoplasty

2

SMILE uses the excimer laser to create a
lenticule from:
a. stromal tissue
b. epithelial tissue
c. endothelial tissue
d. stromal, epithelial and endothelial
tissue

3

A
B
C
D

b. −6.0 D of spherical equivalent
c. −10.0 D of spherical equivalent
d. −12.0 D of spherical equivalent
SMILE is currently approved only for
correction of no more than:
a. 3 dioptres of cylinder
b. 6 dioptres of cylinder
c. 10 dioptres of cylinder
d. 7.5 dioptres of cylinder

b. +2.5 D
c. +2.0 D
d. None of the above

A
B
C
D

The inclusion criteria for SMILE include visual
acuity correctable to a minimum of:
a. 20/50
b. 20/30
c. 20/40
d. 20/70

7

A
B
C
D

A
B
C
D

A
B
C
D

9

A

b. photodisruption from the nasal to the
temporal side

B
C
D

The most significant cause of post-LASIK dry eyes is:
a. denervation associated with the LASIK
procedure
b. the dry climate in certain areas in SA
c. allergy to fluorescein
d. allergy to iodine

a. indicated
c. indicated if used together with Zovirax
d. indicated only if used systemically

10

One of the advantages of SMILE over LASIK is:
a. slower visual recovery
b. faster visual recovery
c. less painful
d. none of the above

11

A
B
C
D

A
B
C
D
A
B
C
D

The biggest disadvantage of SMILE over LASIK,
currently, is:
a. excruciating pain

a. photodisruption from the periphery to
the centre

d. phacoemulsification of the nucleus

Steroids after the SMILE procedure are:
b. contraindicated

During the SMILE procedure, the back of the
intrastromal lenticule was created by:

c. photoablation of the nucleus

8
A
B
C
D

SMILE is currently approved only for correction
of hypermetropia up to:
a. +3.0 D

6

SMILE is currently approved only for
correction of myopia/myopic astigmatism
up to:
a. −3.0 D of spherical equivalent

4

5

b. its inability to correct wider range of
refractions

A
B

C
d. the intra-ocular lens must always be removed D
c. the procedure is very expensive

12

One of the disadvantages of SMILE is that:
a. surgical enhancements must be placed
deeper than when doing LASIK
b. surgical enhancements must always be
accompanied by astigmatic corrections

A

c. surgical enhancements must always be
accompanied by the placement of toric IOLs B
d. surgical enhancements are not as
straightforward as after LASIK

C
D

This is to state that I have participated in the CPD-approved programme and that these are my own answers.

Signature

Date

INSTRUCTIONS: Complete the questionnaire, then either scan and email it to John Woodford at John.Woodford@newmediapub.co.za, or alternatively, fax it to
086-534-1922. For any queries or problems please contact Chantal Adlard at Chantal.adlard@newmediapub.co.za or (011) 217-3126.

