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History and Results; Indications and Contraindications of
SMILE Compared With LASIK

Rupal Shah, MS (Ophthalmology)

Abstract: Small incision lenticule extraction (SMILE) is a new paradigm
for refractive surgery, and was first performed by Sekundo and Blum in
2008. It uses only a femtosecond laser to carve out a lenticule within the
corneal stroma, and then achieves refractive correction by extracting the
lenticule through a small incision. A number of studies have shown that
SMILE leads to stable and efficacious outcomes, combined with high
safety. Long-term studies also indicate that SMILE has excellent outcomes
combined with high safety. Although relatively safe, SMILE can have some
intraoperative and postoperative complications, including suction loss
during the procedure, lenticule tears, incision tears, epithelial ingrowth,
diffuse lamellar keratitis, and residual refractive error. Studies indicate that
SMILE leads to less postoperative dry eyes. It is thus preferred over laser-
assisted in-situ keratomileusis (LASIK) in cases wherein there is mild dry
eye preoperatively. It is also preferred over LASIK in cases wherein the
patient is likely to engage in contact sports. LASIK may be preferred over
SMILE for the treatment of hyperopia, and in cases of significant higher
order wavefront aberrations or topographic irregularities.
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A utomated lamellar keratoplasty' (ALK) was a technique
used for the correction of myopic refractive errors, which
was popular in the late 1980s and early 1990s, before the advent of
the excimer laser. It involved the creation and extraction of a
lenticule from within the corneal stroma, to flatten the central
cornea and thus correct myopia. In ALK, a especially designed
mechanical microkeratome was used to complete the entire
procedure. The microkeratome? is an instrument designed to
cut a fixed thickness planar slice of the cornea. The microker-
atome used in the ALK technique allowed the surgeon to vary
the depth and diameter of the cut based on the requirements
of the correction. The microkeratome was first used to create
an 8§ to 9mm free cap of the cornea, with a thickness of
around 160 pm. This would expose the corneal stroma. In a
second pass, the microkeratome was used to create a 4- to 5-mm
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diameter slice of stroma. The thickness of this second slice
was determined by the amount of refractive correction required.
The free cap was then placed back on the cornea, and sutured in
place. In a later variation, instead of a free cap, a hinged flap was
created first, lifted to one side, and then the second cut was
performed on the exposed stroma. The corneal flap was then
refloated in place, and allowed to heal at the edges, without
any suturing.

Although lamellar keratoplasty has a long intellectual his-
tory, beginning with the efforts of Barraquer® in the 1950s, it was
only much later that mechanical microkeratomes reached a level
of refinement, which allowed ALK to be used by the average
ophthalmologist. However, the technique suffered from many
limitations. First, the thickness of the lenticule was subject to high
levels of unpredictability. The refractive outcomes were not,
therefore, very predictable. Second, ALK could not treat astig-
matism, as mechanical microkeratomes were not designed to
change the size or thickness of the lenticule along a particular
axis. Third, the lenticule was a fixed thickness planar lens, which
was not physiological, as the lenticule needed to be removed
would be spherocylindrical in shape. Finally, mechanical micro-
keratomes of that era had a high rate of complications.* As a result
of these problems, ALK remained a niche technique to treat high
myopia, and did not gain much traction among patients or
eye surgeons.

The excimer laser was introduced in 1983 as a tool to perform
corneal surgery.” By 1988, it was used to perform excisional
correction of refractive errors.® A refractive lenticule was ablated
to reshape the cornea, using the photoablative properties of the
excimer laser. Thus, the excimer laser could be used to treat
refractive errors. The initial technique used with the excimer laser
was known as photorefractive keratectomy’ (PRK). PRK
involved mechanical scraping of the corneal epithelium followed
by reshaping of the remaining corneal bed with the excimer laser.
The corneal epithelium was then allowed to regrow. The refrac-
tive lenticule was not removed as a single intact lenticule of the
corneal stroma. Rather, the excimer laser’s photoablative proper-
ties were used to convert corneal tissue into a gaseous plume, with
small amounts of tissue removed with every laser pulse. The laser
pulses were directed into the corneal stroma in a way that, overall,
a refractive lenticule was removed with a shape corresponding to
the refractive change desired.

PRK was a procedure which met with a high amount of
success, as the excimer laser could remove tissue from the cornea
with great accuracy. This led to a high predictability of the
refractive outcomes with the procedure. Although initially it
was used to treat only spherical myopia, it was quickly adapted
to treat astigmatism and hyperopia. It obtained US Food and Drug
Administration (FDA) approval in 1995, and quickly became the
procedure of choice to treat refractive errors. The success of the

https://journals.lww.com/apjoo | 371


mailto:rupalbrd@gmail.com
https://journals.lww.com/apjoo

Shah Asia-Pacific Journal of Ophthalmology e Volume 8, Number 5, September/October 2019

excisional PRK procedure also displaced the incisional procedure
of radial keratotomy® (RK).

However, PRK also had its share of problems.” As the
corneal epithelium was scrapped off before the laser ablation,
the patient experienced a high amount of pain during the first
postoperative day. Subsequently, the visual recovery was delayed
as the regrown corneal epithelium took some time to achieve full
thickness, and there was a hyperopic overshoot for the first
postoperative month. Third, in some patients especially with high
amounts of refractive error, PRK is followed by corneal haze and
regression of the treatment. Today, despite significant improve-
ments in laser ablation profiles, medication, wound healing
modulation regimes, and surgical technique, PRK is performed
on <20% of all refractive surgery patients.

In the early 1990s, Buratto et al'® and Pallikaris et al''
combined ALK with the excimer laser into a procedure known
as LASIK. It was proposed that a mechanical microkeratome to be
used to make a hinged flap of the cornea. Excimer laser reshaping
could then be done on the exposed corneal stroma, and finally the
hinged flap could be refloated back on the cornea, and it allowed
patients to heal in place without any sutures. As the first cut with
the microkeratome was only to expose the corneal stroma, its
accuracy was not very critical; and because the refractive lenticule
was ablated with the help of the excimer laser, its shape and size
could be accurately controlled. As a result, the accurate correction
of all types of refractive errors became possible. Most of the
disadvantages of ALK could be overcome by using the excimer
laser to ablate the refractive lenticule.

LASIK quickly became the default choice of treating
refractive errors. Its advantages—short period of patient discom-
fort, rapid visual recovery, and minimal wound healing reaction—
led to very quick clinical acceptance of the procedure, and
millions of LASIK procedures have been performed in the last
20 years.

Although LASIK with the mechanical microkeratome is still
popular, the mechanical microkeratome is also the reason behind
the majority of LASIK complications.'? Some of these compli-
cations include free caps, incomplete flaps, irregular flaps, and
flap displacements. Also, mechanical microkeratomes sometimes
make flaps which are thicker than intended, which in some cases
leads to keractesia, a progressive thinning and subsequent irregu-
lar steepening of the cornea. Many surgeons have therefore shifted
to the femtosecond laser as their primary means for making
LASIK flaps.

A femtosecond laser'? produces tiny pulses of laser light,
with pulse widths of around 200 femtoseconds. When such laser is
used with high-quality optics to focus the laser light intracor-
neally, it does not damage the surface but produces an intense
energy field within the cornea. Nonlinear tissue interactions occur
only above a sharp laser intensity threshold, which limits the
effects to a very small area. Atoms are stripped off from their
electrons, producing a plasma. This plasma expands rapidly,
creating a gas bubble within the tissue. The whole process is
so fast that there is no significant heat diffusion to surrounding
tissues. A femtosecond laser can be rapidly scanned with a pulse
frequency of hundreds of kilohertz and a small distance between
adjacent pulses. A cleavage plane can be created within the
cornea, with tiny tissue bridges between the gas bubbles. The
tissue bridges can then be broken mechanically to completely
separate the cleavage plane from the underlying tissue.
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The first viable clinical application of the femtosecond laser
was the corneal flap.'* In this application, the femtosecond laser
has many advantages over the mechanical microkeratome. The
thickness of the flap can be more precise. Complications like free
caps, buttonholes, and irregular flaps'*> can be eliminated or
reduced. Fewer flap displacements occur as there is a well defined
gutter at the edge, allowing the flap to be “locked in.” LASIK
flaps made with a femtosecond laser are relatively more aberra-
tion neutral. All these advantages have led to the femtosecond
laser gaining rapid traction as a flap making tool in the LASIK
procedure. Over a number of years, the femtosecond laser has also
evolved into a tool for keratoplasty and for creating corneal
tunnels for placing intracorneal rings.

The use of the femtosecond laser in making corneal flaps
during the LASIK procedure has some disadvantages, however.
Two lasers are needed to complete the LASIK procedure: the
femtosecond laser to make the flap and the excimer laser to
perform the corneal reshaping. This leads to higher capital cost,
and also higher maintenance and consumable costs. For a busy
surgeon, it also means a significant workflow disruption, as the
patient has to be moved from under one laser to another.

In recent years, a new femtosecond laser is available (Visu-
Max, Carl Zeiss Meditec AG, Jena, Germany), which can carve
out a lenticule within the cornea. This procedure of carving out a
refractive lenticule within the cornea, and its subsequent mechan-
ical extraction from the cornea to perform corneal reshaping is
called femtosecond lenticule extraction, or ReLEx. The lenticule
can then be extracted from within the corneal stroma, either by
creating and lifting a hinged flap as in ALK or LASIK, or by
extricating it from within the cornea through a small incision in
the cornea. The former technique is usually called FLEX, and the
latter is called SMILE. Most experienced surgeons use SMILE
only, and FLEX is generally a technique used during the learning
curve.

SMILE is therefore akin to ALK, in that a whole refractive
lenticule is created in the corneal stroma, and then removed from
the cornea to achieve corneal reshaping. However, the femtosec-
ond laser has several advantages over mechanical microkeratome
for the lenticule creation procedure. Unlike a mechanical micro-
keratome, a femtosecond laser can scan the cornea in all 3
dimensions, and thus the refractive lenticule created is more
physiological in shape. Second, the femtosecond laser is more
accurate. Studies indicate that for Femto-LASIK, the standard
deviation of the flap thickness is around 10 to 12 pm.'> In
contrast, the standard deviation of mechanical microkeratomes
used in ALK or LASIK was around 24 um.'® Third, with the
femtosecond laser, the shape of the lenticule can be varied in
thickness or diameter along a particular axis. Thus, astigmatic
corrections are possible. Finally, the femtosecond laser offers a
better safety profile than a mechanical microkeratome.

SMILE requires only a femtosecond laser to perform the
entire refractive procedure, and it has various clinical, practical,
and economic advantages over the more traditional and well
known 2-laser solution of LASIK.

HISTORY
In 2002, a German government taskforce appointed to find
novel uses of the femtosecond laser first proposed the use of the
femtosecond laser to cut lenticules within the cornea for refractive
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correction. By 2004, Carl Zeiss Meditec had formed a team to
create such laser.

In 2005, animal trials were commenced to check the proof of
the lenticule extraction concept. Dr. Walter Sekundo from a
University in Marburg, and Dr. Markus Blum from the HELIOS
Ophthalmic Hospital Erfurt, were involved in the initial animal
studies. These studies demonstrated feasibility and safety of
lenticule extraction. However, due to the limitations of using
animal eyes, predictability still needed to be established.

The first clinical studies were commenced in 2006. The
initial clinical studies included studies on FLEx and SMILE.
The first SMILE patient underwent the operation on April 24,
2007. These initial SMILE operations were done with 2 to 3
incisions from which the lenticule was extracted. The results of
the initial studies were published in 2008'” and 2010.'*

The first clinical studies outside Germany were carried
out by Dr. Rupal Shah in India in 2008. She performed SMILE
with a single incision, and published her results on SMILE in
2010."

Although the first studies indicated feasibility of the proce-
dure, high predictability, and safety, they indicated that the
new procedure compared poorly with LASIK in terms of visual
recovery.

However, several improvements, including changing the
direction of the scan pattern of the femtosecond laser,” raising
the laser frequency from 200 to 500 kHz, optimizing the track and
spot spacing of the laser,”! and reducing the laser energy, all led to
an improvement of the procedure. This led to the release of the
laser for widespread use of the procedure in 2011. After comple-
tion of clinical trials, SMILE was also approved by the US FDA
for the treatment of spherical myopia in 2016. By 2017, more than
a million SMILE procedures had been performed worldwide.
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RESULTS

Visual and Refractive Outcomes

There are several studies which have studied the visual and
refractive outcomes after SMILE surgery for the treatment of
myopia and myopic astigmatism.

Table 1 provides a summary of the studies on SMILE since
2010.2*73% This is only a partial list which was deemed
representative of the nearly 100 hundred studies, which have
been published till date.

These studies indicate that SMILE leads to predictable and
efficacious outcomes, combined with high safety.

There are a number of studies which compare the results
after SMILE with the results of LASIK performed for myopia and
myopic astigmatism.

Zhang et al*® performed a systematic review and metanalysis
for comparing the results of SMILE with the results of FS-LASIK.
The authors identified 11 studies from a review of 102 articles,
involving a total of 1101 eyes, of which 532 eyes (48.32%)
underwent SMILE and 569 eyes (51.68%) underwent FS-LASIK.
No significant difference between the 2 procedures was evident
in terms of final refractive spherical equivalent (P =0.72), the
proportion of eyes losing >1 lines of corrected distance visual
acuity after surgery (P =0.69), the proportion of eyes achieving
an uncorrected distance visual acuity of 20/20 or better (P = 0.35),
and a refractive spherical equivalent within +1.00 D of the target
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e (2014)

Kim et al*’ (2015)
CDVA indicates corrected distance visual acuity; UDVA, uncorrected distance visual acuity.

TABLE 1. Representative Summary of Results Published on the Results of SMILE for Myopia and Myopic Astigmatism

Shah and Shah®® (2011)

Hjortdal et al* (2012)

Kamiya et al** (2014)
Messerschmidt-Roth et al®*' (2017)
Agca et al** (2019)

Agca et al® (2014
Chansue et al*® (2015)

Sekundo et al** (2014)
Zhang et al*® (2015)
Hansen et al®® (2016)

Ganesh and Gupta

Study
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values (P =0.70). The authors concluded that SMILE and FS-
LASIK were comparable in terms of both safety and efficacy.

A more recent study>* compared the safety and efficacy of
topography-guided LASIK and contralateral eye SMILE for
myopia and myopic astigmatism correction. The study concluded
that topography-guided LASIK was superior in all visual perfor-
mance parameters studied, both subjectively and objectively.
However, it should be noted that the uncorrected distance visual
acuity and the refractive outcomes in this study after SMILE were
worse than in other studies, as shown in Table 1.

A few studies?*?*3> have compared the induction of higher-
order aberrations after SMILE and FS-LASIK. Most authors agree
that there is an induction of higher-order aberrations after both
SMILE and FS-LASIK. However, there is equivalent or less
induction of higher aberrations after SMILE procedures compared
with that after FS-LASIK procedures.

COMPLICATIONS

As shown in Table 1, SMILE is a relatively safe procedure.
However, complications (both intraoperative and postoperative)
can occur.

Common intraoperative complications*® which have been
reported after SMILE include a) suction loss during the procedure,
b) decentration of the treatment, c) incision tear or cap perforation
during the SMILE procedure, d) tearing of the lenticule during the
extraction process and subsequent retention of some lenticule
tissue within the cornea, e¢) opaque bubble layer leading to
difficult extraction of the lenticule, f) uncut areas of the lenticule
owing to some foreign body or fluid between the contact glass
and the cornea, g) lenticule adherence to the cap, resulting in a
difficult extraction procedure, h) bleeding at the incision site, and
i) epithelial defects.

Although the reported incidence of such complications varies
in the literature, presumably because of the learning curve of the
surgeon, from our experience, the incidence of all intraoperative
complications put together is <1%.

Postoperative complications include corneal haze, diffuse
lamellar keratitis, epithelial, ectasia, postoperative dry eyes,
undercorrection or over-correction, and infection.

Several cases of ectasia®” ** after SMILE have been
reported in the literature, although it is not always clear
from the reports whether these were because of the SMILE
procedure being performed on undiagnosed cases of forme fruste
keratoconus or because of weakening of the cornea owing to
the procedure.

TABLE 2. Indications for SMILE

Within —0.5D to —12D
spherical equivalent, with
upto —5D of astigmatism

Age >18y

Refractive error

Mesopic pupil size <7 mm
Residual stromal bed >250 pm
Central corneal thickness >475 pm
Stability of refraction >ly

Keratometry Expected keratometry after

procedure >35D and <47D

SMILE indicates small incision lenticule extraction.

Postoperative Dry Eyes

There are a number of studies, which have compared post-
operative dry eyes after SMILE and FS-LASIK. It is generally
accepted that because SMILE cuts a smaller number of corneal
nerve fibers compared with FS-LASIK, SMILE causes less dry
eyes than FS-LASIK.

In an animal study, Mohamed-Noriega et al*' found that
SMILE results in less nerve damage and faster nerve recovery
than LASIK. Ganesh et al** found significantly higher tear
osmolarity after LASIK compared with that after SMILE. They
also found that SMILE eyes have a longer tear film breakup
time than LASIK eyes. Li et al** showed that the decrease in
subbasal nerve fiber density was less severe in the first 3 months
after SMILE than that after LASIK. Reinstein et al** demon-
strated that recovery of central corneal sensitivity to baseline
was reached by 6 months after SMILE and corneal sensation
after SMILE was higher than after LASIK for the first 6 months
after surgery.

Indications and Contraindications of SMILE

Currently, SMILE is available for myopia ranging from
—0.5 D to —12 D spherical equivalent, with myopic astigmatism
up to —5 D. Within this range, the indications of SMILE are
similar to LASIK generally. The indications are summarized in
Table 2.

There are several contraindications for SMILE. Many of
these are again similar to LASIK. Both absolute and relative
contraindications of SMILE are summarized in Table 3.

There are several situations where SMILE could be preferred
over LASIK. Similarly there are some situations in which LASIK
or PRK may serve the patients’ need better than SMILE.

SMILE could be the preferred choice for all patients who are
likely to play contact sports, such as boxing, soccer, and martial

TABLE 3. Absolute and Relative Contraindications of SMILE

Absolute Contraindications

Relative Contraindications

Corneal thinning disorders like keratoconus or pellucid marginal degeneration

Pregnancy or lactation

Cataract with CDVA <6/6

Uncontrolled glaucoma/uveitis

Severe dry eye/blepharitis/severe ocular allergy

Corneal scarring or opacity which would prevent laser penetration
into deeper areas of corneas

Active eye inflammation or infection

Age <18y

Diabetes mellitus

Autoimmume disorders

History of herpex simplex keratitis

Mild dry eye/mild ocular allergy

Irregular cornea or irregular corneal astigmatism

Immunodeficient status
One eyed/single eye functionality
Epithelial basement membrane dystrophy

CDVA indicates corrected distance visual acuity; SMILE, small incision lenticule extraction.
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arts. The lack of a flap would be of significant advantage for such
patients. As SMILE has been shown to cause less dry eyes, it may
be the preferred choice in patients who have a long history
of contact lens wearing and/or mild dry eye disease. SMILE
has also shown higher stability in high myopia and thus would be a
preferred choice for high myopia.

PRK or LASIK would be preferred over SMILE in cases with
epithelial basement membrane dystrophy or in cases of corneal
opacity. LASIK would be the preferred choice in the treatment of
hyperopia. It would also be appropriate to use LASIK for cases of
high wavefront aberrations or eyes with topographic irregulari-
ties. It would also be the preferred choice where there is a large
difference between the pupil center and the visual axis. In such
cases, topographically guided LASIK would be a more appropri-
ate choice.

CONCLUSIONS

Introduced in 2007, SMILE has established itself as a new
paradigm to perform refractive surgery. It is currently available
for the treatment of myopia and myopic astigmatism. It has
excellent visual outcomes and a good safety profile. There is
less dry eye after SMILE. It is an appropriate choice for the
treatment of myopia in the absence of epithelial disorders or
significant corneal irregularity.
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