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Introduction

Rffractive errors are the leading cause of
eversible visualimpairment worldwide.™
Myopia is the most frequent form of refractive
error.”! The global prevalence of myopia
is increasing, with the rate of increment
being particularly alarming in many Asian
countries.>®! Holden et al. predicted that the
global prevalence of myopia will rise from
28% (2 billion people) in 2010 to 50% (5 billion
people) in 2050.°! The same study predicted
that the global prevalence of high myopia will
rise from 4% (227 million people) in 2010 to
10% (938 million) in 2050, making myopia a
major public health issue.”!

Corrective laser refractive surgery is
one of the most commonly performed
surgeries.'! Refractive surgery has evolved
over the decades. Advances in surface
ablation techniques have seen a renaissance
in its popularity.”®! Presbyopic treatment

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

© 2021 Taiwan J Ophthalmol | Published by Wolters Kluwer - Medknow

Refractive errors are the leading cause of reversible visual impairment worldwide. In addition to
the desired spectacle independence, refractive procedures can improve quality of life, working
ability, and daily working performance. Refractive corneal lenticule extraction (RCLE) is a relatively
new technique, dependent only on a femtosecond laser (FS). This leads to potential benefits over
laser-assisted in situ keratomileusis (LASIK) including a quicker recovery of dry eye disease, a
larger functional optical zone, and no flap-related complications. SMILE, available with the VisuMax
FS (Carl Zeiss Meditec AG, Jena, Germany), is the most established RCLE application, offering visual
and refractive outcomes comparable to LASIK. SmartSight (SCHWIND eye-tech-solutions GmbH,
Kleinostheim, Germany) and CLEAR (Ziemer Ophthalmic Systems AG, Port, Switzerland) are two
new RCLE applications that received Conformité Européenne (CE) approval in 2020. In this article,
we review refractive and visual outcomes, advantages, and disadvantages of RCLE and also report

Cornea corneal surgery, laser refraction, ocular refractive surgical procedures

options have also expanded to include new
ablation profiles, intracorneal implants, and
phakic intraocular implants.®! With the
improved safety and efficacy of cataract
surgery, a wider variety of intraocular lens
implants, with modified optics, provide
more options for refractive correction in
carefully selected patients.*’! In addition
to the desired spectacle independence,
refractive procedures have been reported
to improve quality of life, working ability,
and daily working performance.”

Refractive corneal lenticule extraction (RCLE)
is a relatively new technique, dependent
only on a femtosecond laser (FS), without the
need for corneal flap creation.®! Advances
in this promising new technology will be
discussed in this review.

Developments in Laser Refractive
Surgery

The cornea is the most integral structure
for refractive correction, being the most
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accessible part of the eye and providing two-thirds of
the total refractive power./*”! Corneal ablation techniques
can potentially treat most refractive errors (including
myopia, hyperopia, astigmatism, and presbyopia) within
a given range, by ablating corneal tissue into a specified
shape, by the use of an excimer laser.>¢1%

The evolution of keratorefractive surgery began with
surface ablation techniques such as photorefractive
keratectomy (PRK) that involved epithelial removal.?
More recently, excimer laser ablation has been used to
remove the corneal epithelium directly (transepithelial
PRK)."™ The main advantage of transepithelial PRK is
that the epithelial layer removal and stromal excimer
ablation are performed sequentially, simplifying the
treatment and saving time for patient and surgeon.
Most reports have suggested that healing time and
visual outcomes do not vary greatly among the different
techniques of epithelium removal.'? In recent years,
PRK (and in particular transepithelial PRK) has seen
a revival in interest.l"® Surface ablation has several
potential advantages. Surface ablation has several
potential advantages, e.g. the avoidance of flap-
related complications and a greater residual stromal
thickness (RST).["! Hence, it is useful in patients with
thin corneas.”! While the refractive predictability of
surface ablation is comparable with laser-assisted in situ
keratomileusis (LASIK), myopic regression may be more
common.™ Other disadvantages of PRK are prolonged
pain, because of slow epithelial healing, and subepithelial
scarring (haze), that can form as an unwanted healing
response in the Bowman layer and anterior corneal
stroma.'! Low-dose topical mitomycin-C (0.02%—-0.04%)
is used after excimer laser treatment to reduce haze
formation.!'”}

Using a microkeratome to create a hinged flap, under
which the corneal stroma was ablated by means of an
excimer laser, LASIK was introduced in 1990.'8! LASIK
preserves the central corneal epithelium, which improves
the comfort during the early postoperative period,
allows for rapid visual recovery, and reduces the wound

healing response.'” From 2004, FS was introduced to
improve LASIK flap creation (FS-LASIK), with fewer
flap-related complications (e.g., incomplete, buttonholed,
free, or irregular flaps). The FS allowed customization
of several flap parameters, for example, hinge position,
flap diameter, hinge width, and flap thickness. This
led to more precise and less variable flaps, and a lower
incidence of epithelial ingrowth.[>2!

Laser refractive surgery is now widely recognized as
safe and effective, yielding excellent results in patients
with low-to-moderate amounts of refractive error.”!
A review of 97 studies published since 2008 showed
that up to 99.5% of patients who underwent LASIK
met uncorrected distance visual acuity of better than
20/40 (considered spectacle independent), as many
as 98.6% had refractive targets within +1.0 diopter,
and almost 98.8% were satisfied with their outcome.*!!
Moreover, complications that could lead to visual loss,
such as corneal ectasia or infection, were very rare with
laser eye surgery.™

Refractive Corneal Lenticule Extraction

A precursor to modern RCLE was first described in 1996
using a picosecond laser to generate an intrastromal
lenticule that was removed manually after lifting a flap
in human donor eyes.” However, significant manual
dissection was required leading to an irregular surface.
The switch to FS improved the precision, and studies
were performed in rabbit eyes in 1998 and in partially
sighted eyes in 2003.24l

Following the introduction of the VisuMax FS
[Carl Zeiss Meditec AG, Jena, Germany; Figure 1b],
in 2007, intrastromal lenticule refractive correction
was reintroduced, in a procedure called femtosecond
lenticule extraction (FLEX). Sekundo et al. published the
6-month results of the first 10 fully seeing eyes treated
in 2008 and a larger series followed. The procedure
still included the creation of a hinged flap, under which
the stromal lenticule was extracted, both cut by FS

FEMTO LOV

e

Figure 1: Three femtosecond laser (FS) platforms currently allow refractive corneal lenticule extraction (RCLE). The SCHWIND ATOS FS (a; SCHWIND eye-tech-solutions GmbH,
Kleinostheim, Germany) received CE approval for its SmartSight application in July 2020 and the FEMTO LDV Z8 FS (c; Ziemer Ophthalmic Systems AG, Port, Switzerland)
for its CLEAR program in April 2020. SMILE, available with the VisuMax FS (b; Carl Zeiss Meditec, Jena, Germany), is the only current RCLE application with CE and FDA

approval. The images were provided by the manufacturers.?-%!
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(ReLEx FLEX).[8 The refractive results were similar
to those observed in LASIK, but visual recovery time
was longer due to the lack of optimization in energy
parameters and scan modes; further refinements led to
much improved visual recovery times.*’!

Following the successful implementation of FLEX, the
procedure was advanced to small incision lenticule
extraction (SMILE or ReLEx-SMILE). In SMILE, a
dissector is passed through a small 2-5-mm incision
to separate the lenticular interfaces and allow the
lenticule to be removed, without the need to create
a flap [Figure 2].B% The SMILE procedure has gained
popularity following the initial results of the first
prospective trials.**In 2011, Zeiss received European
conformity approval (Conformité Européenne, CE)
for the SMILE application for corrections of myopia
from —0.5 to —10.0 diopters (D) and astigmatism up
to —=5.0 D. SMILE was then approved by the US Food
and Drug Administration (FDA) for the treatment of
myopia in 2016. In 2018, astigmatism correction was
added, so that the current SMILE FDA approval is for
myopia of —1.0 to —10.0 D and astigmatism of —0.75
to —3.0 D with a maximum spherical equivalent (myopia
plus half of the astigmatism) correction of no more
than -10.0 D.*!

Subsequently, other manufacturers have followed. The
SCHWIND ATOS FS [SCHWIND eye-tech-solutions
GmbH, Kleinostheim, Germany; Figure la] received
CE approval for its SmartSight application in July 2020
and the FEMTO LDV Z8 platform [Ziemer Ophthalmic
Systems AG, Port, Switzerland; Figure 1c] for its corneal
lenticule extraction for advanced refractive (CLEAR)
correction program in April 2020 [Table 1].262"

In this review, we report on the latest advances in modern
flap-free RCLE. When a particular RCLE application
is discussed, we use the according abbreviations or
acronyms [SmartSight, SMILE, or CLEAR; Table 1].

Advantages of Refractive Corneal Lenticule
Extraction

With laser refractive surgery already achieving
excellent clinical visual outcomes, it is often difficult to
demonstrate that newer procedures are superior to the
established techniques. A recent meta-analysis revealed
a similar safety, efficacy, and predictability of SMILE
compared to FS-LASIK in the correction of myopia.?*
Similarly, Ang et al. recently published their results of
a contralateral randomized clinical trial, in 70 patients,
performing FS-LASIK in one eye and SMILE in the
other. They found excellent, comparable outcomes in
terms of refractive predictability, efficacy, and safety
for both procedures at 3 months and also after 1 year

Taiwan J Ophthalmol - Volume 11, Issue 2, April-June 2021
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Figure 2: Guiding incisions (green) and tunnels (red) used in modern refractive
corneal lenticule extraction (RCLE). In this case one incision guides the surgeon
to the posterior and one to the anterior surfaces of the lenticule to be delineated
directly and independently. This option is available with the CLEAR program on the
FEMTO LDV Z8 platform (Ziemer Ophthalmic Systems AG, Port, Switzerland) and
helps to prevent lenticule mis-dissection, one of the most common intraoperative
complications in RCLE®"!

of follow-up.! Vision-related quality of life has also
been found to be comparable between SMILE and
LASIK.B*%I However, potential benefits of RCLE over
LASIK are a quicker recovery of dry eye disease (DED),
a larger functional optical zone, and no flap-related
complications.?

DED is one of the most common side effects after
laser refractive surgery.”! LASIK disrupts the
corneal nerves during the creation of the corneal flap
and during the stromal ablation. RCLE is a flapless
procedure with a smaller corneal incision that results
in less damage to the anterior corneal innervation,
making it theoretically less prone to DED.¥3I Both
RCLE and LASIK induce a transient worsening in dry
eye parameters, but there is evidence showing that
RCLE has a less negative impact on ocular surface
parameters and allows for an earlier recovery. !
Analyzing ocular surface changes in 15 patients post
SMILE and 32 post FS-LASIK, Gao et al. found lower
fluorescein staining scores after 1 week, longer tear
breakup times after 1 and 3 months, higher central
corneal sensitivity at 1 week, 1 and 3 months as well
as lower levels and a faster decrease of interleukin-6
and nerve growth factor in tears following SMILE
compared to FS-LASIK.1

Corneal inflammation may play a role in postoperative
DED after SMILE and FS-LASIK, but more evidence
is needed to support this hypothesis. Studies have
also shown faster corneal nerve regeneration*!! and
improvement of corneal sensitivity!*!! following SMILE,
supporting the evidence for less DED.

It was previously shown that the strength of the
corneal stroma decreases from anterior to posterior.*’!
By preservation of a stronger anterior stromal lamella,
RCLE may offer a theoretical biomechanical advantage
over LASIK. Even though this has been shown using
theoretical®! and laboratory experiments,* three
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Table 1: Overview of current femtosecond lasers (FS) that offer Conformité Européenne (CE) marked modern
refractive corneal lenticule extraction (RCLE) applications!2527]

FSL ATOS SCHWIND VisuMax Zeiss Z8 Ziemer
RCLE program SmartSight SMILE CLEAR
Possible refractive cuts Flap/lenticule Flap/lenticule Flap/lenticule/arcuate incisions
Weight (kg) <275 kg 870 215
Approval CE FDA/CE CE
Treatment range (diopters, D)
Sphere -0.5t0-12.0 -0.5t0-10.0 -0.5t0-10.0
Cylinder 0to-6.0 0to-5.0 0to-5.0
SEQ -0.5t0 -14 -0.5t0-12.5 -0.5t0-12.5
Repetition rate Up to 4 Mhz 500 kHz Up to 20 Mhz
Energy per pulse (nJ) 75-135 110-150 <<100
Laser/patient interface Machine-fixed Machine-fixed Handheld
Contact glass on suction system Curved (20 mm) Curved (22 mm) Flat
iOCT No No Yes
Automatic detection of pupil Yes No Yes
Pupil central offsetting Yes No Yes
Cyclotorsion compensation Yes No Yes
Centration Eye tracking guided Manual Eye tracking guided
(semi-automated) centration (semi-automated) centration
Real-time video recording Yes Yes No - schematic graphic
Postsuction lenticule adjustment Lateral electronic adjustment Nil Lateral electronic adjustment
Laser pattern Arc segments-centrifugal/centrifugal  Centripetal/centrifugal Spiral raster
Lenticule shape No side cut 10 um side cut No side cut
Number of treatments performed 700+ 3.5 million+ 400+
Incisions (mm) 1,2-5 1-3,2-5 1-2,1.5-4

Advantages

Disadvantages

Recentering after docking

Eye tracking with pupil recognition
and cyclotorsion compensation
Mobile device

High repetition rate

Lower pulse energy

New procedure lacking clinical
experience

Established technique
Many treated cases
Low IOPs during suction

No recentering after docking

No eye tracking

Recentering after docking

Eye tracking with pupil recognition
and cyclotorsion compensation
Mobile device

Small footprint

High repetition rate

Low pulse energy

Guiding incisions and tunnels
iOCT

Multi-use laser

New procedure lacking clinical
experience

iOCT=Intraoperative OCT, OCT=Optical coherence tomography, IOP=Intraocular pressure, SEQ=Spherical equivalent, FDA=US Food and Drug Administration,
CE=Conformité Européenne, FSL=Femtosecond laser

randomized controlled trials found no statistically
significant differences between SMILE or flap-based
procedures concerning corneal hysteresis or corneal
resistance factor, as measured with the Ocular Response
Analyzer (Reichert Inc., Depew, USA).l*! However,
the authors speculated that the current commercially
available diagnostical technology might not be optimal
for detecting such differences in biomechanical stability.*]

Using the Pentacam (Oculus Optikgerdte GmbH,
Wetzlar, Germany), it has been demonstrated that the
postoperative “effective/functional optical zone” is
significantly larger in SMILE than that in FS-LASIK
based on the same diameter of optical treatment zone.*’!
This could potentially reduce pupil-related photopsia,
particularly in patients with large mesopic pupils.
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Refractive Corneal Lenticule Extraction
Complications and Management

Despite the fact that RCLE has been shown to be a safe
technique, it is not free of complications and one of the
disadvantages of the procedure has been alonger learning
curve for the surgeon, when compared with conventional
FS-LASIK procedures.*41 With the introduction of
FS-created flaps, and improved excimer laser ablation
profiles, FS-LASIK has demonstrated a remarkable
consistency among surgeons of different experiences.
However, RCLE still requires the manual removal of the
lenticule following laser creation [Figure 2].

Patient head and eye movement can lead to suction
loss, a common and feared complication of SMILE,

Taiwan J Ophthalmol - Volume 11, Issue 2, April-June 2021



with an incidence of 0.5%—4.4%.14! Suction loss
is more commonly observed after SMILE, because
of the lower suction pressure and longer duration
compared to FS-LASIK flap creation.*! Several factors
can predispose a patient to suction loss, for example,
the longer duration of suction to create the posterior
refractive and the anterior nonrefractive planes in the
stroma.? Ocular factors include a small palpebral
aperture, loose corneal epithelium, excessive reflex
tearing, and poor fixation. Individual factors include
patient anxiety and inability to follow instructions.*’)
However, Reinstein et al. proposed a clear management
protocol and decision tree for this event.’*! Options
range from continuing with SMILE or converting to
LASIK to complete the treatment on the same day,®"
to aborting the surgery and repeating SMILE or another
laser refractive surgery at a later date.*! In the vast
majority of cases, outcomes are excellent with no
significant differences in vision or refraction compared
to uncomplicated cases.0%!

Identifying the lenticule edge at the beginning of the
surgery is crucial to ensure lamellar separation in the
correct plane and to prevent lenticule mis-dissection.
The surgeon can for instance make mistakes while
performing the dissection and inadvertently dissect
the posterior surface first. This would then compact
the lenticule into the anterior cap, making anterior
plane dissection more difficult and subsequent
lenticule extraction more challenging. However,
results on visual acuity outcomes performing anterior
or posterior lenticule dissection first, have been shown
to be equivalent.™ Another issue when performing
the posterior lenticule separation first, is that if the
surgeon is unaware of his /her mistake, then they may
inadvertently try to dissect another plane and hence
create a false plane, beneath the posterior cut. Lenticule
dissection and extraction is the most challenging step
that can lead to a multitude of complications, such as
posterior stromal damage, anterior cap tears, side-cut
tears, partially retained lenticule, and completely
retained lenticule.® However, surgical experience
does play a significant role, and most complications
that result in delayed visual recovery were observed
in the initial 50 cases.*¥! Removing the stromal
lenticule in one piece can sometimes be challenging,
especially in patients with low myopia and a thin
lenticule.P® For this reason, different modifications
of the surgical technique have been described to ease
the process of lenticule extraction, such as Chung’s
swing technique, lenticulerhexis, lenticuloschisis,
hydroexpression, and lenticule extraction guided by
optical coherence tomography (OCT).5¢% Likewise, it
is important to choose an appropriate dissector that
has been validated to procedure a smooth interface,
during dissection.[®!

Taiwan J Ophthalmol - Volume 11, Issue 2, April-June 2021

As RCLE has gained popularity over the last decade, the
treatment has continuously been optimized. Initially,
the main issue was the delayed visual recovery relative
to LASIK. However, detailed research into nomogrames,
energy levels, and spot spacing has significantly
improved visual recovery, without compromising the
ease of lenticule separation./**!

Postoperative complications after SMILE are similar to
those after LASIK. Diffuse lamellar keratitis (DLK) after
SMILE has been reported to occur with an incidence of
0.45% 1% It usually resembled the appearance following
LASIK but may rarely present as a sterile multifocal
inflammatory keratitis. However, topical steroid therapy
resolved all reported cases of DLK, and in all cases, there
were no sequelae and no adverse effect on refractive or
visual outcome.[*

Epithelial ingrowth after SMILE has been described in
cases following incisional tears of the smile pocket or
inadvertent implantation of loose epithelium following
lenticule removal.l”! It can be treated by meticulous
irrigation of the pocket, manual scraping using a blunt
spatula, and forceps removal of epithelial strands.*!
Particularly, eccentric epithelial nests have also been
successfully treated with a neodymium-doped yttrium
aluminum garnet (Nd:YAG).[%!

In contrast to LASIK, which can be retreated by a flap
re-lift, SMILE enhancement is more complicated. In
cases of primary under/overcorrection or myopic
regression following RCLE, different techniques have
been applied. One of the most popular choices is surface
ablation, which preserves the flap-free approach of
the primary procedure and a higher RST. However,
the aspect of pain and a slow visual recovery might
render it less appealing, particularly if it needs to be
done bilaterally.[ The SMILE cap can be converted
into a FS-LASIK flap for secondary excimer laser
application (CIRCLE).!! Thin-flap LASIK, with a new
flap anterior to the SMILE interface, can also be created.®”!
These options offer a faster visual recovery, however,
at the price of flap creation. Each enhancement method
usually requires adjusted nomograms and generates
specific tissue responses with a different impact on
corneal biomechanics dependent on the previous SMILE
parameters, especially the cap thickness.!”"!

SMILE is now a mature and established procedure that
provides patients with safe and effective outcomes
with current reports demonstrating that the visual and
refractive results are similar to LASIK.[*3*%I However, it
is still a first-generation procedure, and as we have seen
LASIK mature over the years, through multiple iterations
driven in large by improvements in technology, we
expect to see the same with SMILE.

117



Characteristics of the Different Refractive
Corneal Lenticule Extraction Systems

CLEAR is a new CE marked proprietary RCLE
procedure for myopic correction of sphere —0.5 D
to =10 D and cylinder 0 D to -5 D [Table 1]. CLEAR
is an optional software upgrade on the FEMTO LDV
78 platform.”’!! The platform itself can also be used
for cataract surgery (i.e., femtosecond laser-assisted
cataract surgery), corneal transplantation, pterygium
surgery, LASIK flap creation, and presbyopic
correction (pockets for inlays).”>7#l The Z8 is based
on a low-energy (<<100 nJ) high-frequency (up to
20 MHz) concept, where the miniaturized scanning
optic, integrated into the handpiece and its high
numerical aperture, creates highly focused laser pulses.
Advantages of the low-energy concept are the decreased
stromal gas generation and an accurate laser focus. The
high-frequency repetition rate leads to overlapping
pulses. The laser pulses are guided from the laser source
through an articulated moveable arm to a handpiece
that is adaptable in position and height with a very close
working distance to the eye. In addition, the FEMTO
LDV Z8 offers a wide range of centration options and
the options of recentering the treatment area after having
performed the docking, which is not possible with the
current VisuMax Laser System.?7071]

Recently, Izquierdo et al. reported on their initial
experience with CLEAR. They marked the visual axis
on the slit lamp before CLEAR."!If the surgeon was not
satisfied with the centration after docking, the Z8 allowed
recentering of the treatment area, including correction of
cyclotorsion by adjustment on the touchscreen monitor,
without having to release the suction.”” This ensured
accurate centration on the visual axis and adjusted
cyclotorsion, which is especially important in patients
with cylindrical corrections. In 5 eyes of 5 patients
treated, two small incisions of 3.0 mm width were cut
separately at 35° and 145° positions, with an entrance
angle of 90°. Each incision allowed for the posterior
and anterior surfaces of the lenticule to be delineated
directly and independently aiding one of the most
difficult and important steps of the lenticule extraction
technique [Figure 2].71 In CLEAR, the surgeon can adjust
the distance between the incisions and the angle position
for greater comfort and can also decide if 1 or both
incisions were created and used. In all the cases reported
by Izquierdo et al., the lenticule had a diameter of 6.5 mm
without adding any additional edge thickness. During
the cutting of the lenticule, the applied vacuum level to
the eye was 700 mbar, the same as habitually used for
LASIK flaps with the Z8.I”1 A complete dissection and
removal of the lenticule was achieved in all cases without
any intraoperative complications, and at postoperative
day 1, all patients had a clear cornea. In the postoperative
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period, 1 patient presented with a mild stromal haze
in the interface that resolved with 2 weeks of topical
corticosteroid treatment 4 times a day. The refractive
and visual outcomes were excellent and comparable to
established SMILE and LASIK procedures. However,
follow-up was only 1 month. Izquierdo et al. speculated
that the guiding incisions and tunnels leading to the
anterior or posterior interface have the potential to
shorten the learning curve for surgeons and lower the
complication rate of RCLE,” which needs to be verified
in future larger case series.

Another ability of the Z8 not mentioned by the previous
authors is the inbuilt intraoperative OCT (iOCT) [Figure 3].
This feature may also be used following lenticule creation.
This could be useful in more complicated cases, for
example, CLEAR in posttransplant cases.

Performing experimental CLEAR on enucleated
porcine eye balls during a medical exhibition in
China, Wang et al. found longer time on suction peak
pressure, total laser application, and total surgery
time spent during CLEAR compared to SMILE.[*
However, the CLEAR group included OCT scanning
and offsetting before performing the laser procedure,
which took more time for these crucial steps. The
anterior and posterior lenticule surfaces analyzed
by scanning electron microscopy were smoother in
the FEMTO LDV Z8/CLEAR group compared to the
VisuMax/SMILE group. The authors speculated that
this might be the reason for easier lenticule separation
in CLEAR compared to SMILE.”® The atraumatic,
smooth cutting of high-frequency low-energy FS has
been shown before in rabbit corneas by Riau et al. using
the FEMTO LDV Z6 predecessor model.””! By placing
laser spots directly adjacent to each other, the Z6 and
78 are believed to create a smooth stromal interface.l””)

Further comparative studies are necessary to evaluate
whether these differences in lenticule surface roughness
created by differentlaser platforms could result in different
clinical performances with regard to postoperative
refraction, optic quality, and tissue response.

Figure 3: Intraoperative optical coherence tomography (i{OCT) can be used in CLEAR
on the FEMTO LDV Z8 platform (Ziemer Ophthalmic Systems AG, Port, Switzerland)®#"!
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The FEMTO LDV Z8 uses a flat contact glass on its
docking system, which is directly in contact with the
cornea during laser applications. Previous studies have
proven that the flat suction cone in FEMTO LDV models
induced a higher intraocular pressure (IOP) than the
curved suction cone of the VisuMax."#”! Although
extremely uncommon,®”! the higher IOP theoretically
increases the risk of ocular vessel occlusions or visual
field loss. However, these complications have not been
reported following FS-LASIK with the Z8 at the same
suction pressure.®'#2 An advantage of the high suction
is the reduction in the risk of suction loss, during the
procedure. However, more clinical cases are required
to validate the latter comment.

SmartSight is the new RCLE application available with
the SCHWIND ATOS FS that received CE approval in
2020.2¢%1 The relatively small design and “lightweight”
of the ATOS laser, similar to the Z8, is supposed to allow
mobility of the device.

For SmartSight, the ATOS offers eye tracking, featuring
pupil recognition, and cyclotorsion compensation to
allow precise centering. Eye tracking, the centering
options (pupil, vertex, and user-defined offset), and the
cyclotorsion compensation are known to be particularly
helpful in the correction of astigmatism.*!

The ATOS has a curved patient interface, which can be
used for SmartSight and for making flaps in FS-LASIK.
The curved geometry aims to reduce the pressure on
the eye and patient discomfort during the contacting
process. A sophisticated contact glass design allows the
cutting of large flaps and RCLE treatment diameters up
to 9.6 mm. !

The ATOS FS uses a high repetition rate up to 4 MHz
to allow a quick cutting and has a high numerical
aperture for optimized resolution. The energy per pulse
of 75-135 nJ is lower than SMILE but higher than in
CLEAR [Table 1].

According to the manufacturer, like in CLEAR,
SmartSight does not use any side cuts and consequently
does not have a minimal thickness as in SMILE. The
lenticule tapers toward the periphery following a
refractive progressive true transition zone, in an
attempt to reduce epithelial remodeling and refractive
regression. 2%

Pradhan and Mosquera described no serious
complications during the treatment of their first 185
SmartSight patients. They did witness a slight tendency
for overcorrection and improvement of uncorrected
vision took a little longer than with LASIK, with 70% of
patients reaching 6/9, decimal 0.6 by day 1, improving
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to >70% in 6/6 by 1 week.®® However, this has been
described for RCLE previously and is not considered a
limitation.®* A greater number of clinical cases will allow
for further nomogram refinement to improve outcomes.

ZEISSis currently developing a new generation FSnamed
VISUMAX 800.! It incorporates a significantly faster
laser source, which is intended to bring the time needed
for a complete lenticule creation down to approximately
10 s. The new device will feature computer-assisted
centration and cyclotorsion compensation. As compared
to the current version of the VisuMax, the VISUMAX
800 will have a significantly smaller footprint as well.
CE certification and commercialization are anticipated
for the second half of 2021.%!

Alcon (Geneva, Switzerland) and Johnson & Johnson
(New Brunswick, USA) are also working on RCLE
programs for their laser systems. However, further
details were not published at the time of composing this
review (March 2021).

To summarize, 2020 has seen the approval of two new
devices for RCLE. Future studies will have to investigate
whether capabilities of the new machines, for example,
eye tracking, can further improve the visual outcomes
already achieved, and make them more universally
consistent.
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