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Abstract

Background: To evaluate the 12-month refractive and visual outcomes of Small Incision Guided

Human-cornea Treatment (SmartSight�, SCHWIND eye-tech-solutions, Kleinostheim, Germany)

in the treatment of myopia corrections with low to moderate astigmatism with the use of a new

femtosecond laser system.

Methods: 221 eyes of 114 patients consecutively treated with SmartSight lenticule extraction

were assessed. The mean age of the patients was 28§6 years at the time of treatment with a

mean spherical equivalent refraction of -6.26§2.17D and mean astigmatism of 0.92§0.68D.

Monocular corrected distance visual acuity (CDVA), uncorrected distance visual acuity (UDVA)

were assessed pre- and post-operatively. Refractive changes have been determined in terms of

changes in refraction, as well as changes in keratometric readings. The changes in central epi-

thelial thickness have been determined.

Results: At twelve months post-operatively, mean UDVA was 20/21§2. Spherical equivalent

showed a residual refraction of +0.48§0.31D with refractive astigmatism of 0.13§0.18D postop-

eratively. There was a slight decrease of -0.1 Snellen lines at 12-months follow-up. The same cor-

rection was determined using changes in refraction, as well as changes in keratometric readings.

The central epithelial thickness increased by +3§2mm. Spherical equivalent correction within

§0.50D was achieved in 199 eyes (90%), and cylindrical correction in 221 (100%). Preoperative

corrected distance visual acuity (CDVA) was 20/20 or better in 213 eyes (96%), and postoperative

uncorrected (UDVA) was 20/20 or better in 205 eyes (93%). No eye had lost two or more Snellen

lines of CDVA.

Conclusions: Myopic astigmatism correction with SmartSight provided good results for efficacy,

safety, predictability, and visual outcomes at the twelve months of follow up. The central epi-

thelial thickness barely increased by 3§2mm.

© 2021 Spanish General Council of Optometry. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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SYNOPSIS:The 12-month outcomes of SmartSight for the treatment of myopic corrections with no to moderate astigmatism in 221eyes with

the SCHWIND ATOS showed excellent levels of efficacy, safety, predictability, and stability for up to 3D of preoperative refractive astigmatism.

The changes in central epithelial thickness were minimum at 12-month postoperatively.
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Lenticule extraction has gained popularity in recent years

and has become a serious alternative to LASIK and PRK nowa-

days.1 Lenticule extraction involves the use of an ultrashort

pulse laser system to delineate the contour of a volume of

tissue to be excised (providing for the refractive correction)

along with a channel to access and extract the lenticule.2

Currently, there is one technology and technique clearly

established in the market (SMILE using Visumax by Carl Zeiss

Meditec, Germany). Recently, two emerging alternatives

have been introduced in the market (CLEAR using Z8 by

Ziemer, Switzerland;3 and SmartSight using ATOS by

SCHWIND eye-tech-solutions, Germany).4

In particular, for the SCHWIND ATOS and the associated

SmartSight treatment, the laser works in the plasma-medi-

ated ablation regime,5 just slightly above the threshold for

laser induced optical breakdown,6 and well below the photo-

disruption regime.7 It uses pulse energies around 100nJ,

associated with repetition rates of up to 4MHz, with spot

and track spacings of »4mm. Further to that, the system

incorporates a video based eye registration (cyclotorsion

control) from the diagnostic image (to improve the predict-

ability of the astigmatic corrections)8 along with an eye-

tracker guided centration.9 The SmartSight profile includes

a refractive progressive transition zone10 (similar to the one

used in the SCHWIND AMARIS11) tapering the lenticule

towards the edge of the transition zone, without the need of

a minimum-lenticule-thickness pedestal.12

Since its introduction, Small Incision Lenticule Extraction

has received both CE and FDA approval. Small Incision Lenti-

cule Extraction may be associated with less dryness, pain

and faster wound healing compared to LASIK (laser assisted

in situ keratomileusis) and PRK (photorefractive

keratectomy).13

Several factors have been associated with early visual

recovery after SMILE, including scanning pattern,14 laser

parameters (e.g., spot distance and energy setting),15 and

surgical skills.16

This retrospective, observational case series includes 221

eyes of 114 patients who underwent SmartSight to correct

myopia with low to moderate astigmatism and completed

the 12-month follow-up. Procedures were performed with a

SCHWIND ATOS� femtosecond laser (SCHWIND eye-tech-solu-

tions, Kleinostheim, Germany).

Methods

Patients

This retrospective, observational study comprised eyes that

underwent SmartSight for correction of myopia with low to

moderate astigmatism at Matrika Eye Center, Kathmandu,

Nepal. Before the procedure, patients were adequately

informed about the risks and benefits of the surgery. All

patients signed informed consent form (ICF) in accordance

with the Declaration of Helsinki. The patient demographics

and treatment variables are provided in Table 1.

Inclusion criteria included: Subjects 18 years of age or

older, able to comprehend and sign an ICF, stable refraction,

and discontinuation of the contact lenses prior to the preop-

erative evaluation. The resulting cohort analyzed in the

study had manifest spherical equivalent refractive error

ranging from -2 to -13 diopters (D), with up to 3.5 D of astig-

matism. Patient charts had CDVA of 20/40 or better, and sta-

ble refraction for more than 1 year prior to the study.

Patients were required to have normal keratometry and

topography, including a calculated central residual stromal

thickness of 275mm or more. A total of 221 eyes of 114 con-

secutive patients were retrieved in the retrospective review

chart.

Preoperative examination and treatment plan

Preoperatively, information on general and ocular medical

history, contact lens wear, and medication use was obtained

from each patient. The examination included uncorrected

distance visual acuity (UDVA), corrected distance visual acu-

ity (CDVA), manifest refraction, corneal topography/tomog-

raphy (MS-39; CSO, Firenze, Italy), and slit lamp

examination. All tests were performed monocularly. The

corrected visual acuity was always assessed with trial frames

and not contact lenses.

The sphere and cylinder values entered into the laser

were based on the manifest refraction with nomogram

adjustments based on the previous experience of the sur-

geon (these nomogram adjustments evolved during the

course of the treatments, and started by adding -0.5D to the

manifest sphere and were after some treatments reduced to

Table 1 Treatment parameters.

Parameter Treatment Value StdDev min MAX

Number of treatments 221

Sphere (D) -5.94 2.18 -11.75 -1.25

Astigmatism (D) 0.95 0.64 0 3.25

OZ (mm) 6.0 0.1 5.5 6.5

Lenticule diameter (mm) 7.0 0.1 6.6 7.0

Pulse energy (nJ) 124 2 115 125

Spot/Track spacing (mm) 4.0 0.1 3.7 4.0

Suction level (mmHg) 280 5 260 290

Cap thickness (mm) 143 4 140 150

Cap diameter (mm) 8.0 0.1 7.7 8.0

Incision position (deg) 150 — — —

Incision entry (deg) 120 0 120 120

Incision width (mm) 3.0 0 3.0 3.0
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adding -0.25D to the manifest sphere, but the analyses were

performed as deviation from the planned correction, instead

of from clinical target). All eyes underwent the refractive

treatment using a 6.6- to 7.0-mm lenticular diameter. Re-

treatments were not considered for this retrospective study,

meaning that that only their visual and refractive data up to

the retreatment were included and that of the eyes with

completed 12M follow-up, no single eye required a retreat-

ment within that period of time.

Surgical technique

A single surgeon (KRP) performed the treatments, using an

identical surgical protocol. In all cases, automatic cyclotor-

sion control was verified before the surgery (but no dynamic

cyclotorsion control is included after suction). Before the

surgery, proparacaine hydrochloride 0.5% drops (Alcaine,

Alcon, USA) were instilled 3 times within a 5-min interval.

The eyes were opened using a lid speculum. All surgeries

were performed with a SCHWIND ATOS femtosecond laser

(SCHWIND eye-tech-solutions, Germany). Treatments were

planned based on the manifest refraction and performed

with non-Wavefront-guided profiles. For centering the treat-

ments, 70% of the corneal vertex offset with respect to the

pupil center was used (70% of the distance from pupil to ver-

tex, towards the vertex as obtained from the Sirius tomogra-

pher). The used offset (displacement of the optical axis of

the lenticule towards the corneal vertex) was implemented

by a cross-mark in the computer screen representing the tar-

get pupil location (thus leaving the visual axis closely to the

optical axis of the system). This is only relevant for cases

showing a clearly non-zero pupil offset (somewhat a proxy

for the angle kappa, although they are different but related

concepts).

After placing the patients on the surgical bed and admin-

istering topical anesthesia, patients were instructed to fix-

ate on the fixation light to ensure accurate centration.17

After the patient was positioned on the bed, the cone (a dis-

posable patient interface) was connected to suction ports.

The patient’s eye was positioned under the cone and patient

was instructed to fixate the light target.

In order to accomplish centration and docking of the eye

to the system, an eye-tracker guided centration is used. A

camera provides the operator with a coaxial view through

the cone of the patient interface. The operator is instructed

to move the patient table, and bring the pupil (detected by

a video-based Eye-Tracker) coincident with the target pupil

position (or as close as possible). Then suction was applied

at levels between 260mmHg and 290mmHg, and it was con-

firmed that the pupil remained close to its target position;

otherwise a new docking was attempted. Further to that,

the last valid laser videoframe of the eye-tracker has been

used for cyclotorsion control, and the torsional misalign-

ment from the diagnostic image has been determined and

accounted for.21 The treatment was applied and the laser

ablation initiated after suction.

For the SmartSight procedure, SCHWIND ATOS works in

the low density plasma region,18 just slightly above the

threshold for laser induced optical breakdown,19 and well

below the photodisruption regime.20 In this series pulse

energies between 115nJ and 125nJ have been used with spot

and track spacings from 3.7mm to 4.0mm. Caps were 140-

150 mm thick, the optical zone ranged from 5.5 to 6.5 mm,

the incision was positioned pseudo-superior at 150° with

entry angle of 120° and width of 3.0 mm. The optical zone

selected depended on the scotopic pupil size and attempted

correction. The SmartSight profile includes a refractive pro-

gressive transition zone (similar to the one used in the

SCHWIND AMARIS) ranging from 0.3mm to 1.0mm (depending

on the corneal curvature gradient otherwise induced by the

correction22) tapering the lenticule towards the edge of the

transition zone, without the need of a minimum-lenticule-

thickness pedestal.23 Once the lenticule creation was com-

pleted, suction was released automatically. A thin blunt

spatula was inserted through the incision to first identify

two sides of the lenticule and then separate the lenticule

(first the anterior and then the posterior surface) from the

stroma and extracted through the incision. After extraction,

cornea was gently massaged (ironed) in straight movements

from the 6 o’clock position towards the incision in order to

spread the cap evenly and potentially decrease Bowman’s

wrinkles.24 In the end the remaining tissue was checked for

any residual material or tears.

Postoperative examinations

For this cohort, patients were instructed to visit the clinic

for postoperative examinations after 12 months. Postopera-

tive examinations included UDVA, CDVA, manifest refrac-

tion, corneal topography/tomography (MS-39; CSO, Italy),

and slit lamp examination. Only patients with completed fol-

low-up were included in the review chart.

Vector analysis

Vector analysis as described by Alpins25 has been performed.

This includes the evaluation of Target Induced Astigmatism

(i.e. the planned astigmatism), Surgically Induced Astigma-

tism (i.e. the achieved change in refractive astigmatism),

Correction index (the ratio surgically induced to target

induced astigmatism), Magnitude of Error (i.e. the differ-

ence between the magnitudes of surgically induced and tar-

get induced astigmatism), Angle of Error (i.e. the angular

displacement between the surgically induced and the target

induced astigmatism), Difference Vector (i.e. the magnitude

of the vectorial difference between surgically induced and

target induced astigmatism), Flattening Effect (i.e. the

magnitude of flattening achieved at the axis of the target

induced astigmatism), Flattening Index (i.e. the ratio flat-

tening effect to target induced astigmatism), Torque (i.e.

the magnitude of astigmatic correction achieved at a 45deg

axis from the target induced astigmatism), and Coefficient

of Adjustment (i.e. the reciprocal of the correction index).

Statistical analysis

Analysis of variance and t-tests were performed between

preoperative and post-operative status. Visual acuity was

measured in Snellen equivalent fraction, converted to log-

MAR for analyses, and reported back in Snellen equivalent

fractions for comparability. Uncorrected and corrected

visual acuity, spherical equivalent refraction, refractive

astigmatism, cardinal and oblique astigmatism, surgically

induced astigmatism, and angle of error were analyzed. The
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Coefficient of Determination (r2) was also employed and the

significance of the correlations has been evaluated assuming

a metric that is distributed approximately as t with N—2

degrees of freedom, where N is the size of the sample

A level of significance at P < 0.05 was used for all statisti-

cal tests. Due to correlation between left and right eye, sta-

tistics have been performed considering the number of

patients and not number of eyes. Statistical analyses have

been performed using Excel (Microsoft, USA), and the same

was used for generating the figures.

Results

Of the complete cohort, 114 patients completed the 12-

months follow-up and were included for analyses. A sum-

mary of the preoperative and postoperative demographics is

presented in Table 2.

All patients had a remaining corneal residual bed thick-

ness of 300mm or more. A complete dissection and removal

of the lenticule was achieved in all cases without relevant

intraoperative complications, and at postoperative day 1,

all patients had a clear cornea.

Fig. 1 shows the results in standardized graphs and terms

for refractive surgery outcomes.26 The outcomes at the 12-

months postoperative follow-up visit are presented and

compared to the preoperative status.

Standard graphs for reporting astigmatism outcomes

of refractive Surgery

At 12M, 93% of the eyes reached an UDVA of 20/20 or better

(Fig. 1A), for all eyes UDVA remained within one line of pre-

operative CDVA (Fig. 1B), no eyes lost 2 lines of CDVA

(Fig. 1C). At 12M, the scattergram showed an excellent

refractive correction of the SEQ and refractive astigmatism

(Fig. 1D and 1G), with 90% and 100% of the eyes within 0.5D

from target for SEQ and refractive astigmatism, respectively

(Fig. 1E and F). for 89% of the treatments the axis of the

refractive astigmatism was within 15deg from the plan

(Fig. 1H).

Topographic changes

At 12M, the scattergram of achieved change in keratometry

readings vs. attempted refractive correction of the SEQ

showed a very good correlation (Fig. 2A), with 65% eyes

within 1D from target (Fig. 2B). The scattergram of achieved

change in keratometry readings vs. attempted refractive

correction of the astigmatism showed only a low correlation

(Fig. 2C), with 73% eyes with postoperative corneal toricity

of 1D or less (Fig. 2D). The angle of error was within

25deg from attempted astigmatism axis in 79% of the eyes

(Fig. 2E).

Vector analysis

Vector analysis is displayed in Fig. 3 and presented in Table 3.

Central thickness analysis

Central thickness analysis is displayed in Fig. 4. There was a

very good correspondence between planned lenticule thick-

ness and the reduction in central pachymetry or central stro-

mal thickness. There was no significant correlation between

the planned correction and the difference in central epithe-

lial thickness. The central epithelial thickness increased on

average by +3§2mm but ranged from -6mm thinner to

+12mm thicker.

Complications

Observed complications have been recorded, including suc-

tion loss, incisional bleeding, subconjunctival hemorrhage,

tearing of the lenticule, and abrasion at the incision for

which no single event has been observed.

Opaque bubble layer occurred in 57 eyes (26% of the

treatments), whereas black spots occurred to some extent

in 19 eyes (9% of the treatments), and areas or inaccurate

laser pulse placement due to eye movement in 2 eyes (1% of

the treatments). In 22 cases (10% of the treatments) initially

the posterior plane was entered, this was detected by the

surgeon and the anterior plane was subsequently entered.

Table 2 Preoperative and postoperative outcomes.

Parameter Value Preop StdDev min MAX Value Postop StdDev min MAX

Number of treatments 221 eyes /

114 patients

Female:Male 123:98

OD:OS 111:110

Age (years) 28 6 19 54

MRSEq (D) -6.26 2.17 -11.88 -2.5 +0.48 0.31 -0.75 1.25

M. Astigmatism (D) 0.92 0.68 0 3.5 0.13 0.18 0 0.5

CDVA (Snellen) 20/20 2 20/40 20/20 20/21 2 20/32 20/20

UDVA (Snellen) — — — — 20/21 2 20/32 20/20

K-readings (D) 44.0 1.4 40.8 47.4 39.0 1.9 33.2 43.1

Central corneal thickness (mm) 527 24 477 582 445 32 361 520

Central epithelial thickness (mm) 52 2 47 62 55 2 47 67

Central stromal thickness (mm) 476 24 423 531 390 32 306 468
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Fig. 1 The results of performing SmartSight for the treatment of myopic corrections with no to moderate astigmatism with the use

of SCHWIND ATOS, presented graphically using the standardized graphs and terms for refractive surgery results. The refractive out-

comes were evaluated for changes in manifest refraction for the whole cohort.
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Discussion

This cohort study was based on a consecutive case series of

patients treated by a single surgeon (KRP), with SmartSight

to correct myopia (with or without refractive astigmatism),

at Matrika Eye Center in Kathmandu, Nepal.

In this study, for all the patients, lenticule removal was

complete without relevant intraoperative complications.

There were no events of suction loss in this series (though

suction loss occurred before the treatment started in 2 lenti-

cule attempts and 2 further flap attempts out of these

series), no cases of incisional bleeding or subconjunctival

hemorrhage have been recorded, no tearing of the lenticule

has been observed, as well as no abrasion at the incision.

Concerning opaque bubble layer and black spots/areas or

inaccurate laser pulse placement due to eye movement,

while they were observed at times (with an incidence

slightly higher from what has been reported in the litera-

ture,27 this may due to the fact that for both the posterior

and the anterior cuts, the laser scan is centrifugal, i.e. start-

ing from the centre and moving outwards), they have not

been considered a relevant complication for at least two

reasons. On one hand, they did not interfere with the dissec-

tion (subjectively there was no impression that more resis-

tance during dissection was found for those eyes), and on

the other hand (unlike for flaps) there is no subsequent

treatment step (excimer laser) for which the presence of

opaque bubble layer may interfere with the tracking system

(of the excimer laser).

In a previous study,28 the authors reported in vivo mor-

phology of opaque bubble layers with ultrahigh-resolution

anterior-segment optical coherence tomography (UHR-OCT)

Fig. 2 The results of performing SmartSight for the treatment of myopic corrections with no to moderate astigmatism with the use

of SCHWIND ATOS, presented graphically using the standardized graphs and terms for refractive surgery results. The refractive out-

comes were evaluated for changes in corneal keratometries for the whole cohort.
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in 3 patients. Two patients were operated on with a 30-kHz

IntraLase femtosecond laser (Abbott Medical Optics, Abbott

Park, IL) and one patient was operated on with a 500-kHz

VisuMax femtosecond laser (Carl Zeiss Meditec, Jena, Ger-

many). UHR-OCT images from the patient operated on with

the 500-kHz femtosecond laser revealed that the opaque

bubble layer extended anterior to the flap dissection plane

up to Bowman's membrane. The lamellar flap dissection was

incomplete in this patient. The opaque bubble layer in the

patients operated on with the 30-kHz femtosecond laser

extended posterior to the flap dissection plane and these

patients experienced complete lamellar dissections with

uncomplicated flap lifts. It is possible that the opaque

bubble layer induced by ATOS is also posterior to the flap dis-

section plane and thus they did not interfere with the dissec-

tion.

As for black spots, in our experience black spots were

observed as isolated punctual micro-regions, and they

seemed more related to debris at the cornea-laser interface

than to instability of the laser energy.29 We think that one

reason why they did not interfere with the dissection can be

the fact that ATOS is using a relatively high Repetition Rate,

in the MHz regime, associated with a low energy per pulse

with dense overlap.30 Thus, many tiny microbubbles are cre-

ated close together; probably stochastically homogenizing

the ease of dissection.

Fig. 3 Graphs for reporting outcomes for astigmatism correction, based on the Alpins Method.

Table 3 Vector analysis of the astigmatism outcomes.

Parameter Refractive Analysis StdDev min MAX Corneal Analysis StdDev min MAX

Target Induced Astig-

matism (D)

0.95 0.64 0 3.25 0.95 0.64 0 3.25

Surgically Induced

Astigmatism (D)

0.90 0.66 0 3.5 0.81 0.53 0.10 2.83

Correction Index 0.91 0.59 0.25 5.19 0.84 0.58 0.30 3.34

Magnitude of Error (D) -0.06 0.36 -0.88 2.10 -0.13 0.45 -1.67 1.05

Angle of Error (deg) 0 10 -35 33 3 25 -73 80

Difference Vector (D) 0.39 0.32 0 2.12 0.57 0.40 0.02 2.28

Flattening Effect (D) 0.84 0.66 -0.47 3.45 0.59 0.64 -0.97 2.63

Flattening Index 0.85 0.59 -1.88 5.02 0.60 0.75 -1.94 2.88

Torque (D) 0.03 0.32 -1.61 1.50 0.00 0.38 -2.41 1.08

Coefficient of

Adjustment

1.10 0.54 0.19 4.00 1.20 0.71 0.30 3.30
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SCHWIND ATOS works slightly above the threshold for

laser induced optical breakdown,31 in the plasma-mediated

ablation regime,32 generating only low-density plasma,33

and well below the photodisruption regime. In this series

pulse energies between 115nJ and 125nJ have been used

with spot/track spacings from 3.7mm to 4.0mm.

Unintended initial posterior plane dissection never

occurred completely, i.e. in the cases for which initially the

posterior plane was entered, this was detected by the sur-

geon and the anterior plane was subsequently entered.

After extraction, the cornea was gently massaged

(ironed) in straight movements from the 6 o€’clock position

towards the side cut incision in order to spread the cap

evenly and potentially decrease Bowman€’s wrinkles.34

With Visumax, usually a residual stromal thickness below

the cap of at least 250mm is advised, whereas 275mm are

used as the limit with the SCHWIND ATOS. The limit of

250mm for lamellar refractive surgery35 (whether LASIK or

lenticule extraction) is no longer adopted in many regions,

and clinics. It seems more that 280-300mm is more common

nowadays.36 275mm ist „just“ +10% above 250mm as a safety

margin, the 25mm extra safety margin can be understood as

a reserve for potential undercorrections of up to »1.5D; but

at the same time is »50% (half the thickness) of the average

normal central corneal pachymetry;37 finally, since the

introduction of percentage tissue altered (PTA), a PTA of

»40% has been proposed as the cutoff value for enhanced

ectasia risk,38 considering 480mm (according to the german

“Kommission Refraktive Chirurgie der DOG und des BVA”)39

as the minimum pachymetry suitable for lamellar refractive

surgery (whether LASIK or lenticule extraction); an RST of

275mm would represent a 42.7% PTA.

Strictly speaking, PTA may only apply only to LASIK, or if

e.g. a circle treatment (or any other type of lenticule

extraction to LASIK conversion) is performed after a lenti-

cule extraction for a refractive enhancement. Otherwise,

the PTA concept does not apply directly to lenticule extrac-

tion by only considering the RSB as preserved tissue, since

the cap thickness may not count (in full) for the PTA as "sev-

ered tissue" (at least with current evidence).

The calculated residual central corneal thickness was set

to 275mm or more, and no single eye has actually a calcu-

lated residual central corneal thickness below 300mm. The

used cap parameters with»8mm diameter and 143mm thick-

ness were in the normal range used in other lenticule

extraction procedures. Although, the literature is controver-

sial as to whether thicker caps result in biomechanically

stronger40 or weaker corneas.41 Some recent publications

even suggest a nomogram compensation based on the

planned cap thickness.42

Caps were 140-150 mm thick,43 the optical zone ranged

from 5.5 to 6.5 mm,44 the incision was positioned pseudo-

superior at 150° with entry angle of 120° and width of

3.0 mm.45

Corneas in Nepal are rather small, and so are pupil sizes

as well, thus a smaller OZ (compared to other regions in the

world) is usually adopted. Further, treatments were in gen-

eral of moderate to high myopia (average myopic meridian

of -6.73D) which are associated with smaller planned OZ as a

measure to reduce tissue consumption (and respect RST of

275mm).

In our cohort, we evaluated short-term refractive and

visual outcomes after SmartSight for the treatment of

myopic corrections with no to moderate astigmatism with

the use of SCHWIND ATOS.46 Lenticule extraction approach

with the Visumax SMILE has proved its value in myopic

corrections.47 Nevertheless, stability of the refractive

error might be an issue, thus we report here the 12-month

outcomes.

For 7 patients only one eye was included in the retrospec-

tive review chart. For them, the refraction in the excluded

eye would result in a lenticule of less than 40mm, and for

those eyes no lenticule extraction has been attempted so far

(they have been treated using transepithelial PRK).

Preoperatively, the patients had a CDVA below the normal

(mean 20/20§2 with range to 20/40). This CDVA could be a

characteristic specific to our patient population. In our

cohort no eyes lost 2 Snellen lines of CDVA at 12-months

postoperatively. At the 12-month follow-up 93% of the eyes

had a UDVA of 20/20 or better, without losses of CDVA. This

is comparable to current LASIK and SMILE reports.

The scattergram of attempted versus achieved SEQ indi-

cates a correction close to perfect (+0.05D overcorrection),

whereas the correlation between TIA and SIA showed a slight

undercorrection. Vector analysis further confirms the good

astigmatic correction in this series.

Considering the vector analysis of astigmatism, the

change in manifest refractive astigmatism correlated well

with the attempted values, suggesting that laser surgery

could modify the corneal contour properly in moderately

Fig. 4 Graphs for reporting the change in corneal and stromal thickness vs the planned correction.
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toric eyes, as well. Therefore, it can be inferred that the

planned goal of the treatment was met, even if patients

were slightly undercorrected for refractive astigmatism.

This case series analyzed the 12M follow-up of the effi-

cacy and safety of lenticule extraction treatments using the

SmartSight profile. This technique aims to compete in the

lenticule extraction. The analysis revealed promising results

after the treatment. Unaided vision was expected to

improve overall. Most of the outcome measures showed sig-

nificant improvement compared to the preoperative status.

At 12M, 93% of the eyes reached an UDVA of 20/20 or bet-

ter (Fig. 1A), for all eyes UDVA remained within one line of

preoperative CDVA (Fig. 1B), no eye lost 2 lines of CDVA

(Fig. 1C). At 12M, the scattergram showed an excellent

refractive correction of the SEQ (Fig. 1D), with 90% of the

eyes within 0.5D from target (Fig. 1E).

An excellent refractive outcome was observed in terms of

manifest refraction, but this was only partly confirmed by

the topographical changes. This suggests that manifest

refraction may be more forgiving in terms of exactly deter-

mining the accuracy of the treatments;48 but at the same

time UDVA is a main driver for patient satisfaction.

At 12M, for the change in corneal keratometry 66% eyes

were within 1D from target (Fig. 2B), with 73% eyes within

1D corneal toricity (Fig. 2D). The angle of error was within

25deg from attempted astigmatism axis in 79% of the eyes

for corneal keratometry (Fig. 2E).

Keratometries were measured by Placido-OCT-based cor-

neal topography (MS-39) by averaging three consecutive

examinations. This average may already provide a “low

pass” filter in the analyses and shall better represent the

likely “true” keratometries (pre and post).

In any refractive procedure, an ideal feature would be

correction efficiency irrespective of the preoperative curva-

ture of the cornea of the patient. Many studies have shown

an increase in the correction efficiency for steeper corneas

in myopia correction.49 Similarly, another ideal feature

would be that the correction measured in the cornea (using

adequate models) would correspond 1-to-1 to the correction

measured in the refraction, enabling a direct dose response

control on an objective manner.50

Munnerlyn et al, in their original paper, already expressed

that the attempted correction univocally determines the post-

operative corneal curvature (corneal refractive power).51

Conversely, it should be possible to objectively determine the

refractive correction by comparing the postoperative with the

preoperative corneal curvature (corneal refractive power).

It has been reported that total corneal refractive power

measurement (TCRP) may provide more accurate evalua-

tions of the central corneal power compared to simulated

keratometry and true net power method.52

In previous publications it has been suggested that the

undercorrection in SMILE may occur in high refractive treat-

ments and could be associated with changes (steepening) of

the posterior curvature as a result of a forward shift of the

posterior surface. This has been reported in a recent study

by Sideroudi et al.53 It has also been supported by the results

presented by Ganesh et al.54

Other works report that the change observed in kerato-

metries is lower than the change observed in the refraction,

in our opinion this is partly related to the fact that these

works used oversimplified models ignoring effects like the

different refractive indices used for keratometry and actual

refractive index of the cornea, or the effects of the vertex

distance (from spectacle plane to the corneal plane) on the

planned refractions, or the effect of central tissue removal

on the refraction (shortening the axial length).

The SmartSight profile includes a refractive progressive

transition zone (similar to the one used in the SCHWIND AMA-

RIS) ranging from 0.3mm to 1.0mm (depending on the

corneal curvature gradient otherwise induced by the correc-

tion) tapering the lenticule towards the edge of the transi-

tion zone,55 without the need of a minimum-lenticule-

thickness pedestal.

This may be one of the reasons for the minimum changes

observed in central epithelial thickness. In turn, the reduc-

tion in central corneal thickness and central stromal thick-

ness were very similar and correlated very good to the

planned lenticule thickness. This also confirms the lack of

undercorrection, underablation, or undersizing of the lenti-

cule in this series.

A recent work56 evaluated the postoperative behavior of

the central corneal stroma thickness after myopic femto-

LASIK and SMILE by using a combined anterior segment-OCT

and placido disc topographer, and compared the accuracy of

both laser machines in predicting the real stromal change.

After LASIK, the stroma showed a significant rethickening

between months 1-3 (+4mm at the centre; p < 0.001),

remaining stable thereafter. After SMILE, the stromal thick-

ness remained stable from 1-month. Stromal ablation pre-

diction was higher for SMILE compared to LASIK for all SE

ranges, although postoperatively such differences were sig-

nificant only for ametropias�4D. At 6 months, mean SMILE

laser prediction error was -13§7mm, while LASIK prediction

showed better accuracy (+1§8mm; p<0.001). In our cohort,

we did not track the longitudinal changes of the stromal

thickness, but at 12-month follow-up, the mean SmartSight

laser prediction error was +2§12mm (much less than what

has been reported for SMILE, and very close to what has

been reported for AMARIS).

Lenticule extraction has gained popularity in recent

years,57 and has become a serious alternative to LASIK and

PRK nowadays.58 Currently, three technologies compete in

this market (SMILE using Visumax by Carl Zeiss Meditec,

Germany;59 CLEAR using Z8 by Ziemer, Switzerland; and

SmartSight using ATOS by SCHWIND eye-tech-solutions,

Germany).60

A limitation of this work is the retrospective nature of the

study. A number of confounding factors may be argued in our

review, we have considered both eyes of the patients. The

average age at the time of treatment was 28§6 years (19 to

54 years; median age was 27years), this may be inline with

current trends in LVC, but this means that these findings may

not hold true for older patients.

The ATOS system incorporates a video based eye registra-

tion (cyclotorsion control) from the diagnostic image (to

improve the predictability of the astigmatic

corrections)62 along with an eye-tracker guided centra-

tion.63 For centering the treatments, 70% of the corneal ver-

tex offset with respect to the pupil center was used (70% of

the distance from pupil to vertex, toward the vertex as

obtained from the Sirius tomographer; CSO). We aimed to

have the treatment centred more prone towards the corneal

vertex (as a proxy for the visual axis) than towards the pupil

38

K.R. Pradhan and S. Arba Mosquera



centre (equivalent to the line-of-sight in the presence of

proper fixation). In a LASIK study, it has been shown that 80%

of the offset (towards the corneal vertex) was providing bet-

ter outcomes than 50% and 100% of the offset.61 Further to

that, the last valid laser videoframe of the eye-tracker has

been used for cyclotorsion control, and the torsional mis-

alignment from the diagnostic image has been determined

and accounted for.

The presented clinical outcomes are based on 12-months

of clinical follow-up, which is considered the a moderate

long-term meaningful in refractive surgery. However, shorter

follow-ups have been reported in the literature to deter-

mine the time-course of visual recovery. Longer follow-ups

could shed light on the durability of performance.

In conclusion, we demonstrated that myopic corrections

with no to moderate astigmatism correction with SCHWIND

ATOS SmartSight provided good results in terms of efficacy,

safety, predictability, and visual outcomes at the 12-month

follow-up.

Financial support

None.

Ethics statement

Ethics approval was not required due to the retrospective

nature of the review chart. The purpose of this clinical

research does not represent a clinical investigation. The

medical device was used within its intended purpose without

any additional invasive or patient burdensome procedures

used.

Conflict of Interest

SAM is employee of SCHWIND eye-tech-solutions.

References

1. Bohac M, Koncarevic M, Dukic A, et al. Unwanted astigmatism

and high-order aberrations one year after excimer and femto-

second corneal surgery. Optom Vis Sci. 2018 Nov;

95:1064�1076.

2. Reinstein DZ, Archer TJ, Gobbe M. Small incision lenticule

extraction (SMILE) history, fundamentals of a new refractive

surgery technique and clinical outcomes. Eye Vis (Lond).

2014;1:3. https://doi.org/10.1186/s40662-014-0003-1. Oct

16PMID:26605350PMCID: PMC4604118.

3. Izquierdo L, Sossa D, Ben-Shaul O, Henriquez MA. Corneal lenti-

cule extraction assisted by a low-energy femtosecond laser. J

Cataract Refract Surg. 2020;46:1217�1221. https://doi.org/

10.1097/j.jcrs.0000000000000236. SepPMID:32384420.

4. Pradhan KR, Arba-Mosquera S. Three-month outcomes of myo-

pic astigmatism correction with small incision guided human

cornea treatment. J Refract Surg. 2021;37:304�311. https://

doi.org/10.3928/1081597X-20210210-02. MayEpub 2021 May 1.

PMID:34044692.

5. Tsai PS, Blinder P, Migliori BJ, et al. Plasma-mediated ablation:

an optical tool for submicrometer surgery on neuronal and vas-

cular systems. Curr Opin Biotechnol. 2009;20:90�99.

6. Noack J, Vogel A. Laser-induced plasma formation in water at

nanosecond to femtosecond time scales: calculation of thresh-

olds, absorption coefficients, and energy density. IEEE J Quan-

tum Electron. 1999;35:1156�1167.

7. Vogel A, Busch S, Jungnickel K, Birngruber R. Mechanisms of

intraocular photodisruption with picosecond and nanosecond

laser pulses. Lasers Surg Med. 1994;15:32�43.

8. Chernyak DA. From wavefront device to laser: an alignment

method for complete registration of the ablation to the cornea.

J Refract Surg. 2005;21:463�468. Sep-Oct.

9. Gobbi PG, Carones F, Brancato R, et al. Automatic eye tracker

for excimer laser photorefractive keratectomy. J Refract Surg.

1995;11(3 Suppl):S337�S342. May-Jun.

10. Dausch D, Klein R, Schr€oder E, Dausch B. Excimer laser photore-

fractive keratectomy with tapered transition zone for high myo-

pia. A preliminary report of six cases. J Cataract Refract Surg.

1993;19:590�594. https://doi.org/10.1016/s0886-3350(13)

80005-3. Sep.

11. Bohac M, Biscevic A, Koncarevic M, Anticic M, Gabric N, Patel S.

Comparison of Wavelight Allegretto Eye-Q and Schwind Amaris

750S excimer laser in treatment of high astigmatism. Graefes

Arch Clin Exp Ophthalmol. 2014;252:1679�1686. https://doi.

org/10.1007/s00417-014-2776-2. OctEpub 2014 Aug 23.

12. Siedlecki J, Luft N, Keidel L, et al. Variation of lenticule thick-

ness for smile in low myopia. J Refract Surg. 2018;34:453�459.

https://doi.org/10.3928/1081597X-20180516-01. Jul 1.

13. Kobashi H, Kamiya K, Shimizu K. Dry eye after small incision len-

ticule extraction and femtosecond laser�assisted LASIK: meta-

analysis. Cornea. 2016;36:85�91.

14. Shah R, Shah S. Effect of scanning patterns on the results of

femtosecond laser lenticule extraction refractive surgery. J

Cataract Refract Surg. 2011;37:1636�1647.

15. Ji YW, Kim M, Kang DSY, et al. Lower laser energy levels lead to

better visual recovery after small-incision lenticule extraction:

prospective randomized clinical trial. Am J Ophthalmol.

2017;179:159�170.

16. Titiyal JS, Kaur M, Rathi A, Falera R, Chaniyara M, Sharma N.

Learning curve of small incision lenticule extraction: challenges

and complications. Cornea. 2017 Nov;36:1377�1382.

17. Kang DSY, Lee H, Reinstein DZ, et al. Comparison of the distribu-

tion of lenticule decentration following SMILE by subjective

patient fixation or triple marking centration. J Refract Surg.

2018;34:446�452.

18. Genc SL, Ma H, Venugopalan V. Low-density plasma formation in

aqueous biological media using sub-nanosecond laser pulses.

Appl Phys Lett. 2014;105: 063701.

19. Wang J, Schuele G, Palanker D. Finesse of transparent tissue

cutting by ultrafast lasers at various wavelengths. J Biomed

Opt. 2015;20: 125004.

20. Vogel A, Capon MR, Asiyo-Vogel MN, Birngruber R. Intraocular

photodisruption with picosecond and nanosecond laser pulses:

tissue effects in cornea, lens, and retina. Invest Ophthalmol Vis

Sci. 1994;35:3032�3044.

21. K€ose B. Detection of and compensation for static cyclotorsion

with an image-guided system in SMILE. J Refract Surg.

2020;36:142�149. https://doi.org/10.3928/1081597X-

20200210-01. Mar 1.

22. Vinciguerra P, Roberts CJ, Alb�e E. Corneal curvature gradient

map: a new corneal topography map to predict the corneal

healing process. J Refract Surg. 2014;30:202�207. https://doi.

org/10.3928/1081597X-20140218-02. Mar.

23. Gatinel D, Weyhausen A, Bischoff M. The percent volume

altered in correction of myopia and myopic astigmatism with

PRK, LASIK, and SMILE. J Refract Surg. 2020 Dec 1;36:844�850.

https://doi.org/10.3928/1081597X-20200827-01.

39

Journal of Optometry 16 (2023) 30�41

http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0001
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0001
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0001
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0001
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0001
https://doi.org/10.1186/s40662-014-0003-1
pmid:26605350
https://doi.org/10.1097/j.jcrs.0000000000000236
https://doi.org/10.1097/j.jcrs.0000000000000236
pmid:32384420
https://doi.org/10.3928/1081597X-20210210-02
https://doi.org/10.3928/1081597X-20210210-02
pmid:34044692
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0005
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0005
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0005
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0005
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0006
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0006
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0006
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0006
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0006
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0007
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0007
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0007
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0007
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0008
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0008
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0008
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0008
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0009
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0009
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0009
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0009
https://doi.org/10.1016/s0886-3350(13)80005-3
https://doi.org/10.1016/s0886-3350(13)80005-3
https://doi.org/10.1007/s00417-014-2776-2
https://doi.org/10.1007/s00417-014-2776-2
https://doi.org/10.3928/1081597X-20180516-01
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0013
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0013
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0013
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0013
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0013
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0014
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0014
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0014
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0014
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0015
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0015
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0015
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0015
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0015
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0016
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0016
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0016
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0016
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0017
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0017
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0017
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0017
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0017
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0018
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0018
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0018
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0019
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0019
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0019
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0020
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0020
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0020
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0020
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0020
https://doi.org/10.3928/1081597X-20200210-01
https://doi.org/10.3928/1081597X-20200210-01
https://doi.org/10.3928/1081597X-20140218-02
https://doi.org/10.3928/1081597X-20140218-02
https://doi.org/10.3928/1081597X-20200827-01


24. Shetty R, Shroff R, Kaweri L, Jayadev C, Kummelil MK, Sinha Roy

A. Intra-operative cap repositioning in small incision lenticule

extraction (SMILE) for enhanced visual recovery. Curr Eye Res.

2016;41:1532�1538. https://doi.org/10.3109/

02713683.2016.1168848. DecEpub 2016 Apr 4. PMID:27044473.

25. Alpins NA. A new method of analyzing vectors for changes in

astigmatism. J Cataract Refract Surg. 1993 Jul;19:524�533.

26. Dupps WJ, Kohnen T, Mamalis N, et al. Standardized graphs and

terms for refractive surgery results. J Cataract Refract Surg.

2011;37:1�3.

27. Titiyal JS, Kaur M, Rathi A, Falera R, Chaniyara M, Sharma N.

Learning curve of small incision lenticule extraction: challenges

and complications. Cornea. 2017 Nov;36:1377�1382. https://

doi.org/10.1097/ICO.0000000000001323. PMID:28799958.

28. Hurmeric V, Yoo SH, Fishler J, Chang VS, Wang J, Culbertson

WW. In vivo structural characteristics of the femtosecond

LASIK-induced opaque bubble layers with ultrahigh-resolution

SD-OCT. Ophthalmic Surg Lasers Imaging. 2010;41(Suppl):

S109�S113. https://doi.org/10.3928/15428877-20101031-08.

Nov-DecPMID:21117595.

29. Lin L, Weng S, Liu F, et al. Development of low laser energy lev-

els in small-incision lenticule extraction: clinical results, black

area, and ultrastructural evaluation. J Cataract Refract Surg.

2020 Mar;46:410�418. https://doi.org/10.1097/j.

jcrs.0000000000000071. PMID:32050215.

30. Arba-Mosquera S, Naubereit P, Sobutas S, Verma S. Analytical

optimization of the cutting efficiency for generic cavitation

bubbles. Biomed Opt Express. 2021;12:3819�3835. https://

doi.org/10.1364/BOE.425895. Jun 4. PMID: 34457382. PMCID:

PMC8367260.

31. Vogel A, Linz N, Freidank S, Paltauf G. Femtosecond-laser-induced

nanocavitation in water: implications for optical breakdown

threshold and cell surgery. Phys Rev Lett. 2008;100: 038102.

32. Venugopalan V, Guerra A, Nahen K, Vogel A. Role of laser-

induced plasma formation in pulsed cellular microsurgery and

micromanipulation. Phys Rev Lett. 2002;88: 078103.

33. Sinibaldi G, Occhicone A, Pereira F, et al. Laser induced cavita-

tion: plasma generation and breakdown shockwave. Physics of

Fluids. 2019;31: 103302.

34. Shroff R, Francis M, Pahuja N, Veeboy L, Shetty R, Sinha Roy A.

Quantitative evaluation of microdistortions in bowman's layer

and corneal deformation after small incision lenticule extrac-

tion. Transl Vis Sci Technol. 2016;5:12. https://doi.org/

10.1167/tvst.5.5.12. Oct 17e. Collection 2016 Oct.

35. Randleman JB, Trattler WB, Stulting RD. Validation of the Ecta-

sia Risk Score System for preoperative laser in situ keratomileu-

sis screening. Am J Ophthalmol. 2008;145:813�818. https://

doi.org/10.1016/j.ajo.2007.12.033. May Epub 2008 Mar 10.

PMID:18328998. PMCID: PMC3748728.

36. Cheng HC, Chen YT, Yeh SI, Yau CW. Errors of residual stromal

thickness estimation in LASIK. Ophthalmic Surg Lasers Imaging.

2008;39:107�113. https://doi.org/10.3928/15428877-

20080301-05. Mar-Apr PMID: 18435333.

37. Jin Y, McAlinden C, Sun Y, et al. Sirius Scheimpflug-Placido ver-

sus ultrasound pachymetry for central corneal thickness: meta-

analysis. Eye Vis (Lond). 2021;8:5. https://doi.org/10.1186/

s40662-021-00227-5. Feb 18 PMID: 33602345. PMCID:

PMC7891160.

38. Santhiago MR. Percent tissue altered and corneal ectasia. Curr

Opin Ophthalmol. 2016;27:311�315. https://doi.org/10.1097/

ICU.0000000000000276. Jul PMID:27096376.

39. vFebruary 2019. https://www.aad.to/krc/qualit.pdf, 2019.

40. Reinstein DZ, Archer TJ, Randleman JB. Mathematical model to

compare the relative tensile strength of the cornea after PRK,

LASIK, and small incision lenticule extraction. J Refract Surg.

2013;29:454�460. Jul.

41. Taneri S, Arba-Mosquera S, Rost A, Hansson C, Dick HB. Results

of thin-cap small-incision lenticule extraction. J Cataract

Refract Surg. 2020. https://doi.org/10.1097/j.

jcrs.000000000000047. Nov 2.

42. LeeH, Kang DSY, Reinstein DZ, et al. Adjustment of spherical equiv-

alent correction according to cap thickness for myopic small inci-

sion lenticule extraction. J Refract Surg. 2019;35:153�160. Mar 1.

43. Taneri S, Arba-Mosquera S, Rost A, Hansson C, Dick HB. Results

of thin-cap small-incision lenticule extraction. J Cataract

Refract Surg. 2021;47:439�444. https://doi.org/10.1097/j.

jcrs.0000000000000470. Apr 1.

44. Arba-Mosquera S, Kang DYS, Luger MHA, Taneri S. Influence of

extrinsic and intrinsic parameters on myopic correction in small

incision lenticule extraction. J Refract Surg. 2019;35:712�720.

https://doi.org/10.3928/1081597X-20191003-01. Nov 1.

45. Chan TC, Ng AL, Cheng GP, Wang Z, Woo VC, Jhanji V. Effect of

location of opening incision on astigmatic correction after

small-incision lenticule extraction. Sci Rep. 2016;6:35881.

https://doi.org/10.1038/srep35881. Oct 24.

46. Jun I, Kang DSY, Arba-Mosquera S, et al. Comparison between

Wavefront-optimized and corneal Wavefront-guided Transepi-

thelial photorefractive keratectomy in moderate to high astig-

matism. BMC Ophthalmol. 2018;18:154.. Jun 26.

47. Arba-Mosquera S, Kang DYS, Luger MHA, Taneri S. Influence of

extrinsic and intrinsic parameters on myopic correction in small inci-

sion lenticule extraction. Refract Surg. 2019;35:712�720. Nov 1.

48. Taneri S, Arba-Mosquera S, Rost A, Kießler S, Dick HB. Repeat-

ability and reproducibility of manifest refraction. J Cataract

Refract Surg. 2020;46:1659�1666. https://doi.org/10.1097/j.

jcrs.0000000000000343. Dec.

49. Liu J, Wang Y. Influence of preoperative keratometry on refrac-

tive outcomes for myopia correction with small incision lenti-

cule extraction. J Refract Surg. 2020;36:374�379. https://doi.

org/10.3928/1081597X-20200513-01. Jun 1.

50. Kaluzny BJ, Verma S, Piotrowiak-S»upska I, et al. Three-year

outcomes of mixed astigmatism correction with single-step

transepithelial photorefractive keratectomy with a large abla-

tion zone. J Cataract Refract Surg. 2021;47:450�458. https://

doi.org/10.1097/j.jcrs.0000000000000476. Apr 1.

51. Munnerlyn CR, Koons SJ, Marshall J. Photorefractive keratec-

tomy: a technique for laser refractive surgery. J Cataract

Refract Surg. 1988;14:46�52. https://doi.org/10.1016/s0886-

3350(88)80063-4. Jan.

52. Qian Y, Liu Y, Zhou X, Naidu RK. Comparison of corneal power

and astigmatism between simulated keratometry, true net

power, and total corneal refractive power before and after

SMILE surgery. J Ophthalmol. 2017;2017: 9659481. https://doi.

org/10.1155/2017/9659481. Epub 2017 Mar 22.

53. Sideroudi H, Lazaridis A, Messerschmidt-Roth A, Labiris G,

Kozobolis V, Sekundo W. Corneal irregular astigmatism and cur-

vature changes after small incision lenticule extraction: three-

year follow-up. Cornea. 2018;37:875�880. https://doi.org/

10.1097/ICO.0000000000001532. Jul.

54. Ganesh S, Patel U, Brar S. Posterior corneal curvature changes

following Refractive Small Incision Lenticule Extraction. Clin

Ophthalmol. 2015;9:1359�1364. https://doi.org/10.2147/

OPTH.S84354. Jul 21eCollection 2015.

55. Fang L, Wang Y, He X. Effect of pupil size on residual wavefront

aberration with transition zone after customized laser refrac-

tive surgery. Opt Express. 2013;21:1404�1416. https://doi.

org/10.1364/OE.21.001404. Jan 28.

56. Ali�o Del Barrio JL, Canto-Cerdan M, El Bahrawy M, et al. Corneal

stroma thickness changes after myopic laser corneal refractive

surgery. J Cataract Refract Surg. 2021. https://doi.org/

10.1097/j.jcrs.0000000000000765. Jul 27. Epub ahead of print.

PMID: 34326281.

40

K.R. Pradhan and S. Arba Mosquera

https://doi.org/10.3109/02713683.2016.1168848
https://doi.org/10.3109/02713683.2016.1168848
pmid:27044473
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0025
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0025
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0025
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0026
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0026
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0026
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0026
https://doi.org/10.1097/ICO.0000000000001323
https://doi.org/10.1097/ICO.0000000000001323
pmid:28799958
https://doi.org/10.3928/15428877-20101031-08
pmid:21117595
https://doi.org/10.1097/j.jcrs.0000000000000071
https://doi.org/10.1097/j.jcrs.0000000000000071
pmid:32050215
https://doi.org/10.1364/BOE.425895
https://doi.org/10.1364/BOE.425895
pmid:34457382
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0031
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0031
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0031
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0032
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0032
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0032
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0033
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0033
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0033
https://doi.org/10.1167/tvst.5.5.12
https://doi.org/10.1167/tvst.5.5.12
https://doi.org/10.1016/j.ajo.2007.12.033
https://doi.org/10.1016/j.ajo.2007.12.033
pmid:18328998
https://doi.org/10.3928/15428877-20080301-05
https://doi.org/10.3928/15428877-20080301-05
pmid:18435333
https://doi.org/10.1186/s40662-021-00227-5
https://doi.org/10.1186/s40662-021-00227-5
pmid:33602345
https://doi.org/10.1097/ICU.0000000000000276
https://doi.org/10.1097/ICU.0000000000000276
pmid:27096376
https://www.aad.to/krc/qualit.pdf
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0040
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0040
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0040
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0040
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0040
https://doi.org/10.1097/j.jcrs.000000000000047
https://doi.org/10.1097/j.jcrs.000000000000047
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0042
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0042
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0042
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0042
https://doi.org/10.1097/j.jcrs.0000000000000470
https://doi.org/10.1097/j.jcrs.0000000000000470
https://doi.org/10.3928/1081597X-20191003-01
https://doi.org/10.1038/srep35881
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0046
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0046
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0046
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0046
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0047
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0047
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0047
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0047
https://doi.org/10.1097/j.jcrs.0000000000000343
https://doi.org/10.1097/j.jcrs.0000000000000343
https://doi.org/10.3928/1081597X-20200513-01
https://doi.org/10.3928/1081597X-20200513-01
https://doi.org/10.1097/j.jcrs.0000000000000476
https://doi.org/10.1097/j.jcrs.0000000000000476
https://doi.org/10.1016/s0886-3350(88)80063-4
https://doi.org/10.1016/s0886-3350(88)80063-4
https://doi.org/10.1155/2017/9659481
https://doi.org/10.1155/2017/9659481
https://doi.org/10.1097/ICO.0000000000001532
https://doi.org/10.1097/ICO.0000000000001532
https://doi.org/10.2147/OPTH.S84354
https://doi.org/10.2147/OPTH.S84354
https://doi.org/10.1364/OE.21.001404
https://doi.org/10.1364/OE.21.001404
https://doi.org/10.1097/j.jcrs.0000000000000765
https://doi.org/10.1097/j.jcrs.0000000000000765
pmid:34326281


57. Huang G, Melki S. Small Incision Lenticule Extraction (SMILE): myths

and realities. Semin Ophthalmol. 2021;36:140�148. https://doi.

org/10.1080/08820538.2021.1887897. May 19. Epub 2021 Apr 6.

58. Gulmez M, Tekce A, Kam{s U. Comparison of refractive out-

comes and high-order aberrations after small incision lenticule

extraction and wavefront-guided femtosecond-assisted laser in

situ keratomileusis for correcting high myopia and myopic astig-

matism. Int Ophthalmol. 2020;40:3481�3489. https://doi.org/

10.1007/s10792-020-01534-x. DecEpub 2020 Jul 31.

59. Chiam NPY, Mehta JS. Comparing patient-reported outcomes of

laser in situ keratomileusis and small-incision lenticule extrac-

tion: a review. Asia Pac J Ophthalmol (Phila). 2019;8:377�384.

https://doi.org/10.1097/APO.0000000000000258. Sep-Oct.

60. Fuest M, Mehta JS. Advances in refractive corneal lenticule

extraction. Taiwan J Ophthalmol. 2021:111�121. [Epub ahead

of print] [citedJun 22].

61. MDBSc (Hons), MSc*BSc (Hons), MPH, Dip Med Chang JSM, Law

AKP, Ng JCM, Chan VKC. Comparison of refractive and visual

outcomes with centration points 80% and 100% from pupil cen-

ter toward the coaxially sighted corneal light reflex. J Cataract

Refract Surg. 2016;42:412�419. https://doi.org/10.1016/j.

jcrs.2015.09.030. March.

62. Patel S, Bohac M, Biscevic A, Koncarevic M, Anticic M, Gabric N.

A critical evaluation of refractive outcomes following LASIK for

moderate to high astigmatism using two excimer laser plat-

forms. J Refract Surg. 2017;33:104�109. https://doi.org/

10.3928/1081597X-20161102-01. Feb 1.

63. Kang DSY, Lee H, Reinstein DZ, et al. Comparison of the distribu-

tion of lenticule decentration following SMILE by subjective

patient fixation or triple marking centration. J Refract Surg.

2018;34:446�452. https://doi.org/10.3928/1081597X-

20180517-02. Jul 1.

41

Journal of Optometry 16 (2023) 30�41

https://doi.org/10.1080/08820538.2021.1887897
https://doi.org/10.1080/08820538.2021.1887897
https://doi.org/10.1007/s10792-020-01534-x
https://doi.org/10.1007/s10792-020-01534-x
https://doi.org/10.1097/APO.0000000000000258
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0060
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0060
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0060
http://refhub.elsevier.com/S1888-4296(21)00085-6/sbref0060
https://doi.org/10.1016/j.jcrs.2015.09.030
https://doi.org/10.1016/j.jcrs.2015.09.030
https://doi.org/10.3928/1081597X-20161102-01
https://doi.org/10.3928/1081597X-20161102-01
https://doi.org/10.3928/1081597X-20180517-02
https://doi.org/10.3928/1081597X-20180517-02

	Twelve-month outcomes of a new refractive lenticular extraction procedure
	Methods
	Patients
	Preoperative examination and treatment plan
	Surgical technique
	Postoperative examinations
	Vector analysis
	Statistical analysis

	Results
	Standard graphs for reporting astigmatism outcomes of refractive Surgery
	Topographic changes
	Vector analysis
	Central thickness analysis
	Complications

	Discussion
	Financial support
	Ethics statement
	Conflict of Interest
	References


