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Abstract

 Purpose: To illustrate the advantages and limitations of Small Incision Lenticule Extraction (SMILE) over Laser Assisted Intrastromal Keratomileusis (LASIK) in the 
correction of myopia and myopic astigmatism.

Materials and methods: The two procedures are analysed and compared for the technical aspects. While LASIK directly depends on the laser effi  cacy to get the 
refractive change, SMILE only depends on the computer ability to design the refractive lenticule. The loss in precision taking place in the peripheral cornea with LASIK is 
not possible with SMILE. Tissue consumption and postoperative dry eye are also lower with SMILE. Procedure abortion has less consequences with SMILE. From a clinical 
point of view, refractive and visual results with SMILE are similar as those of Wavefront Optimized and Wavefront Guided LASIK, but re-operations are easier after LASIK 
than after SMILE.

Conclusion: When indicated, SMILE is better than LASIK from a technical and procedural standpoint and is equal to Wavefront Lasik as for the obtained results. LASIK 
is still more versatile and it is better for re-operations.
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Laser vision correction: LASIK and SMILE

Laser refractive surgery was introduced in 1983, when Trokel 
published his famous paper about excimer laser ablation of the 
corneal tissue [1]. In 1990 Laser Assisted In situ Keratomileusis 
(LASIK) was developed by Pallikaris and Buratto [2,3] and it 
soon became the most popular refractive surgery procedure.

In 2010 a new technique entirely depending on the 
femtosecond laser, termed Small Incision Lenticule Extraction 
(SMILE) was conceived and applied for the fi rst time by 
Sekundo [4]. At the moment SMILE is available for myopia 
-.75D to -10.00D and for astigmatism up to 3.00D [5].

Despite as many as 1 million procedures have been 
performed in 2019, SMILE is not yet widely accepted. The good 
results obtained with LASIK, the inability of the new procedure 
to correct for hyperopia and for high astigmatism, the cost of 
the laser, and the need to learn a new procedure are the main 
reasons for this delay.

As Small Incision Lenticule Extraction is transitioning from 
a product (single laser and company) into a procedure with two 

additional lasers and companies soon making it available, in 
this paper we will try to compare LASIK with SMILE, examining 
the theoretical and surgical aspects of the two procedures and 
the clinical results obtained over the last 10 years. 

Theoretical aspects

The corneal correction of the refractive defect practically 
consists in the removal of a refractive lenticule from the 
corneal stroma. This lenticule is positive in myopia and myopic 
astigmatism and it is negative in hyperopia or hyperopic 
astigmatism. While our ability to remove the exact amount of 
corneal tissue in the exact location improves, we should not 
forget to measure the pupil diameter to avoid photopsia in 
night vision. In this regard SMILE makes no exception.

The LASIK procedure

In LASIK a hinged corneal fl ap 90-130μ thick is created 
either by femtosecond laser or by microkeratome (Figure 1), 
lifted and folded apart, and the stromal bed is remodelled by 
excimer laser to change the refraction of the eye. As the fi nal 
step, the fl ap is re-positioned [6]. The safety of the surgery 
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is mainly dependent on the creation of the corneal fl ap. Any 
complication at this stage will not only prevent the refractive 
ablation to take place, but will probably result in an impairment 
of the ocular condition. The fl ap itself can displace in the 
postoperative, needing replacement. Sometimes corneal folds 
develop eventually inducing vision deterioration [7]. 

The excimer laser ablates the refractive lenticule following 
the instructions from the laser computer and centring the 
ablation independently from the fl ap. The fi nal result of the 
ablation will depend on (1) The precision of the computer 
modelling of the lenticule; (2) The laser/tissue interaction 
of each laser pulse; (3) The “cosine effect” or the loss in the 
pulse energy that takes place outside the corneal centre; (4) 
The tissue reaction during the healing phase, mainly driven by 
heat production. While all these aspects have been considered 
and improved by the laser algorithms [8] and especially by the 
Wavefront-Optimized (WO-LASIK) and Wavefront-Guided 

(WG-LASIK), still they are the main cause of the variation in 
the results. Especially with high defects the obtained optical 
zone (free from optical aberration) may be quite smaller than 
the optical zone requested to the laser, with possible photic 
phenomena in night vision (Figure 2). 

In the case of unsatisfying quantitative (refraction) or 
qualitative (visual quality) result it is rather easy to lift the 
fl ap and add a new excimer laser ablation, and even years after 
the original procedure. Topography-guided LASIK has been 
developed and found effective in improving vision with highly 
aberrated corneas [9].

The SMILE procedure

In SMILE the eye is fi xed with a suction ring and connected 
to the laser interface at the beginning of the procedure. 
The refractive lenticule instructed by the laser computer is 

Figure 2:  Result of LASIK for myopia -7.50D: Small optical zone causing night vision problems.

Figure 1: LASIK surgery: Femtosecond delineation of the hinged fl ap, fl ap lifting, excimer laser ablation, fl ap reposition.
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designed by the femtosecond laser within the corneal stroma 

by creating two superimposing layers of microbubbles. Then 

the lenticule is dissected by the surgeon through the 2-3mm 

incision also created by the laser, and removed from the 

cornea by forceps (Figure 3). The overlying cornea lays down 

onto the remaining corneal stroma, and a fl atter corneal 

surface is obtained [5]. Since the incision is only 2.5-3.0mm 

long, there is no possibility of fl ap displacement. Rare suction 

loss may abort the procedure, but the microbubbles will re-

absorb and the eye will not receive any harm if no dissection 

is attempted. Postoperative fl ap folds cannot develop, however 

uneven microstriae are discovered at re-operations following 

higher myopic corrections. These microstriae have never been 

associated with visual problems [10].

In SMILE the femtosecond laser does not ablate the 

lenticule, but only designs it following the instructions of 

the laser computer. The possible bad laser/tissue interaction 
may increase the diffi culty of the lenticule dissection, but the 
refractive result will not be affected. In this regard, we might 
say that in SMILE the optical result will not depend on the 
laser activity. The refractive lenticule will have the exact shape 
instructed by the computer, with no decrease of the refractive 
effect outside the central part of the cornea (no “cosine 
effect”). This results in larger optical zone as compared with 
most LASIK procedures, or in less tissue consumption for equal 
optical zone (Figure 4). However the current SMILE procedure 
cannot position the ablation independently from the suction 
ring, and any displacement of the suction ring will result in 
some decentration of the refractive lenticule. This (small) 
decentration might induce some coma in the postoperative.

In addition, no localized defect can be treated with SMILE 
and re-operations and enhancements can only be performed 

by converting the procedure into a LASIK or by PRK [11].

Figure 3: SMILE surgery: Femtosecond delineation of the refractive lenticule, femtosecond incision, Lenticule removal, corneal surface fl attening.

Figure 4: Result of SMILE for myopia -6.50D: Wide optical zone, no night vision problems.
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Clinical comparisons the two techniques

Many studies have been published comparing the results of 
the two procedures. In their review published in 2016, Zhang 
found no difference in the effi cacy (uncorrected visual acuity, 
refractive spherical equivalent) and in the safety (number 
of eyes losing one or more lines of visual acuity) of the two 
procedures [10]. However, the lower anatomic impairment of 
SMILE was followed by better corneal sensitivity and better 
tear fi lm break up time in the postoperative [12]. Similar results 
were obtained by Breyer in his study published in 2019 [13]. 

The actual difference in the results between the two 
procedures should lie in the size of the effective optical zone, 
i.e. in the induction of spherical aberration. The comparison 
should be made with Wavefront-Optimized or with Wavefront-
Guided LASIK, as those procedures have been demonstrated to 
induce lower spherical aberration than standard LASIK [14].

Chen (2017) found lower spherical aberration with SMILE 
than with WG-LASIK, although with higher vertical coma [15]. 
Xia (2018) obtained similar results in eyes with about 8D of 
pre-operative myopia [16]. Interestingly, most authors who 
studied the optical aberration after SMILE and after WG-LASIK 
found lower corneal coma after WG-LASIK. This indicates the 
next evolution of the SMILE procedure should be the ability of 
centring the procedure after the suction ring application.

Apart from the visual results, the corneal nerve impairment 
is lower with SMILE with lower induction of dry eye problems 
in the post-operative. The possible lower impairment of the 
corneal biomechanics have still to be elucidated, but only 7 
ectasia cases have been reported over 750.000 procedures [17]. 
From this point of view, currently the lower impairment of the 
corneal anatomy with SMILE is not considered to lower the risk 
for corneal ectasia, and the same safety measures we apply for 
LASIK are also applied for SMILE [18].

Postoperative complications are lower with SMILE than 
with LASIK. Flap displacement cannot occur, but rarely 
incomplete lenticule removal and epithelium penetration into 
the corneal pocket have been described [19,20]. The occurrence 
of DLK, although rare, has been reported after SMILE also [21].

Discussion

Medicine and surgery are continuously evolving, and laser 
refractive surgery makes no exception. After considering the 
technical, the surgical, and the clinical aspects of LASIK and 
SMILE we believe it’s time to adopt the newer procedure for 
the correction of myopia and of myopic astigmatism. The main 
advantage of SMILE over LASIK can be summarized as follows:

 The micro-bubbles produced by the laser can re-absorb 
without impairing the eye, therefore the procedure is 
reversible until the lenticle dissection is initiated, and 
possibly even later on.

 The superfi cial corneal cut is much shorter than that of 
LASIK.

 The shape of the refractive lenticle does not depend on 
the laser in any way.

 The obtained optical zone is larger than in LASIK (and 
spherical aberration is lower).

 The tissue consumption is lower than in LASIK for the 
same optical zone.

 The induced heat is lower than in LASIK. 

 No postoperative fl ap complication can occur.

There are also disadvantages that may be solved with the 
improvement of the procedure:

a) The centration of the procedure depends on the centration of 
the suction ring and is less precise than in LASIK.

b) There are two surfaces cut through microbubbles, and some 
light diffraction can be perceived by patients for a few weeks.

c) Re-treatments must be performed either by transforming the 
procedure into a LASIK or by PRK.

d) No procedure is currently available for hyperopia, simple 
astigmatism, myopia in excess of 10.0D, astigmatism in excess 
of 3.0D.

e) No wavefront-guided or topography-guided algorithms are 
currently available.

At the moment LASIK is still more versatile, offering the 
ability to treat large myopic and astigmatic errors, centration 
on the visual axis, and a variety of procedures tailoring specifi c 
conditions and corneas. In our opinion, LASIK can be substituted 
by SMILE in primary procedures when the refractive sphere is 
between -0.75D and -10.00D, and the refractive cylinder is 
lower than 3.00D and lower than the refractive sphere [20]. 
The main reasons for the change are the absence of corneal 
fl ap, the lower dependence of the result from the laser beam 
effi ciency, and the better optics of the ablated lenticule.

The future development of SMILE will probably address the 
current drawbacks of the procedure. The defi nition of precise 
spot energy level and spacing will produce smoother surfaces. 
Hyperopia treatments will soon become available. New 
developments of corneal transplant surgery stimulated by the 
SMILE experience like the SLACK technique are already on their 
way [22,23]. New femtosecond lasers with several variations of 
the procedure will increase scientifi c and technical competition 
thus further improving the procedure. 
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