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Purpose: To evaluate visual outcomes following the Smooth Incision Lenticular Keratomileusis (SILKTM) procedure for correction of 
myopic refractive errors with and without astigmatism, using the ELITATM Femtosecond Laser System.
Patients and Methods: A prospective, multicenter, single-arm, open-label clinical study was conducted. Eighty-five myopic subjects 
(n = 170 eyes), aged 18 years or older, with manifest refractive spherical equivalent (MRSE) up to −12.00 D and astigmatism up to 
−6.00 D, were treated binocularly using the ELITA femtosecond laser and followed up for 6 months. Intended correction was 
emmetropia for all eyes. The primary outcome measures included post-operative uncorrected and corrected distance visual acuity 
(UDVA and CDVA). Secondary outcome measures included surgeon’s rating for ease of lenticule extraction, predictability, safety, and 
stability.
Results: A total of 170 eyes of 85 patients underwent SILK. Preoperative mean MRSE was −4.14 D ± 1.32 D (range −1.38 D to 
−8.88 D) and the mean cylinder was −0.77 D ± 0.62 D. Intraoperative surgeon ease of lenticule dissection was rated as grade 0 or 1 in 
85.3% of eyes (no/only mild dissection needed). UDVA at 1 day, 1 week, 1 month, and 6 months was 20/20 or better in 65.9%, 85.4%, 
91.5%, and 96% of eyes, respectively. No eyes lost any lines of CDVA at 6 months compared to the preoperative. The postoperative 
MRSE was stable over time, ranging from −0.34 D ± 0.24 D at 1 month to −0.33 D ± 0.23 D at 6 months. MRSE predictability (± 0.50 
D) was 93.5% (129/138) at 3 months and 91.1% (113/124) at 6 months. No serious adverse events were noted.
Conclusion: The SILK procedure with the ELITA Femtosecond Laser System is safe and effective for the treatment of myopic 
refractive errors with and without astigmatism. Fast visual recovery was demonstrated, with stability achieved by 3 months.
Keywords: smooth incision lenticular keratomileusis, SILK, laser-assisted lenticule extraction, corneal refractive surgery, myopia, 
keratorefractive lenticule extraction

Introduction
Femtosecond lasers are commonly used in cataract and refractive surgery procedures, such as laser-assisted lenticule 
extraction (LALEX). LALEX modifies the anterior corneal radius of curvature by creating an intrastromal lenticule that 
corresponds to the desired refractive correction, which is then removed.1,2 This alteration of corneal curvature is the 
foundation of all plano-convex tissue removal techniques, including laser in situ keratomileusis (LASIK), photorefractive 
keratectomy (PRK), small incision lenticule extraction (SMILE, VisuMax 500 and 800, Carl Zeiss Meditec AG 
Germany), SmartSight (ATOS, Schwind eye-tech-solutions, Germany), and CLEAR (Z8, Ziemer, Switzerland).1–6

Femtosecond lasers generate ultrashort laser pulses, which induce micron-scale incisions in target tissues by 
photodisruption.7 The small incision through the corneal epithelium used for lenticule removal during LALEX proce-
dures leads to fewer epithelial defects, less postoperative pain and dryness, faster wound healing, and larger postoperative 
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achieved functional optical zones compared to other corneal refractive surgery procedures.6,8–10 However, visual 
recovery can be impacted by femtosecond laser energy levels,9,11 scanning patterns,12 and surgical technique,13 and 
there is a longer learning curve for surgeons compared to conventional LASIK procedures.2,13 In procedures such as 
SMILE, tissue bridges are present between the cornea and the lenticule at the two lenticular interfaces after the 
femtosecond laser cuts are completed, requiring surgeon manipulation to separate the lenticule prior to extraction.14 

This can compromise the quality of the lenticle interface and impact visual recovery time.15

ELITATM is a new generation ophthalmic femtosecond laser surgical system developed by Johnson and Johnson 
Surgical Vision, Inc. (Milpitas CA, USA), which received CE Mark approval in March 2023 for Smooth Incision 
Lenticular Keratomileusis (SILKTM) and LASIK flap creation.16 The ELITA system was designed to deliver low energy 
treatment (40–90 nJ per pulse) through a combination of small focus spot size (approximately 1 µm), ultrashort pulse 
duration (100–200 fs), and ultrafast pulse frequency (10 MHz). ELITA creates virtually no pulse separation (mean spot to 
spot is about 1 µm), which leads to continuous tissue resection with minimal residual tissue bridges, and therefore less 
lenticule manipulation for tissue removal required by the surgeon. Subsequently, less keratocyte activation and a reduced 
immune response are expected postoperatively,7 resulting in faster healing and visual recovery with fewer surgical 
complications. The system was also designed to produce a biconvex lenticule shape, where the anterior and posterior 
surfaces are matched, so that corneal micro-folding is minimized or eliminated following lenticule removal.

The purpose of this clinical trial was to evaluate visual outcomes of the new ELITA Femtosecond Laser System for 
the correction of myopic refractive errors, with and without astigmatism. Surgeon rating of ease of lenticule removal, 
intended versus achieved refractive outcomes, and adverse events were also assessed. The primary clinical hypothesis 
was that the SILK procedure using the new ELITA laser system would result in excellent visual outcomes for the 
treatment of myopic refractive errors with and without astigmatism.

Materials and Methods
This prospective, multicenter, single-arm, open-label clinical study was conducted at two sites in India (Centre for Sight, 
New Delhi and Narayana Nethralaya Eye Hospital, Bangalore) in accordance with the Declaration of Helsinki, ISO 
14155:2011 and all other applicable laws and regulations. Human research ethics approval was obtained from the Centre 
for Sight Institutional Ethics Committee (New Delhi, India) and Narayana Nethralaya Ethics Committee (Bangalore, 
India) prior to beginning the study. The study was registered on www.clinicaltrials.gov as NCT04200898. After written 
informed consent was obtained and confirmation that all eligibility criteria were met, the SILK procedure was performed.

Inclusion and Exclusion Criteria
Subjects were eligible to have surgery on one or both eyes on the same day, based on their refractive correction needs. 
The inclusion criteria were age ≥18 years, myopic spherical equivalent (SE) refractive error of ≤−12.00 diopters (D) and 
astigmatism ≤−6.00 D, anticipated residual corneal stromal thickness of ≥250 microns,17 uncorrected distance visual 
acuity (UDVA) of 20/40 or worse, corrected distance visual acuity (CDVA) of 20/20 or better and CDVA ≥2 lines better 
than UDVA. Subjects were also required to have ≤0.75 D difference between cycloplegic and manifest refraction sphere, 
stable refractive error for at least 12 months, and discontinue contact lens wear for at least 4 weeks (rigid) or 2 weeks 
(soft) prior to surgery. Exclusion criteria included history of medical conditions or concurrent use of systemic medica-
tions that may impair wound healing, history of diabetes mellitus, implanted electronic device, pacemaker, or defibril-
lator, history of prior intraocular or corneal surgery, active ophthalmic disease or abnormality including clinically 
significant dry eye, glaucoma, keratoconus, corneal dystrophy or degeneration, pregnancy, lactating or planning preg-
nancy, and known sensitivity to any of the medications used in postoperative care.

Clinical Examination
Detailed ocular and medical history were obtained from all patients at baseline. Clinical examination of the eye was 
performed at baseline and all follow-up visits. All subjects had a minimum of nine scheduled study visits: preoperative 
examination of both eyes and post- operative visit at 1-day, 1-week, and 1-, 3-, 6-, 9- and 12-months. Data from the first 6 
months of this study are presented in this manuscript. The following clinical parameters were assessed: UDVA, CDVA, 
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manifest refraction, intraocular pressure, biomicroscopic slit-lamp findings and dilated fundus examination, non-directed 
ocular/visual symptoms, adverse events, medical findings, and surgical complications. Investigations included corneal 
topography (Pentacam, Oculus Optikgerate GmbH, Germany) and pachymetry (Pentacam). Visual acuity was recorded 
using an Early Treatment Diabetic Retinopathy Study (ETDRS) computerized vision chart at 4.0 meters (13 feet) under 
photopic conditions (background luminance 85 cd/m2 (range 80–110 cd/m2). Intraoperative docking attempts, suction 
losses, and surgeon ease of lenticule dissection were also recorded. The intraoperative ease of lenticule removal was 
graded on a scale of 0–4 by the surgeons (where 0 = no dissection needed, and 4 = unable to dissect; Table 1) for 
each eye.

Surgical Technique
All surgeries were performed by two surgeons (MSS and RS) who are experienced in lenticule extraction surgery for 
refractive correction. Surgeons followed the standardized treatment instructions provided with the ELITA system 
installed with precommercial software. Data entry for refractive error and keratometry readings were done on the 
ELITA treatment planning system software. A standard optical zone of 6.0 mm, central anterior depth of 110 μm, and 
entry cut arc length of 3 mm were used in all cases. The ELITA femtosecond laser was then used in conjunction with 
a sterile, single-use disposable patient interface (PI), consisting of a pre-sterilized suction ring and an application cone 
assembly, to facilitate accurate corneal laser incisions. During docking, the PI cone was attached to the PI mount of the 
ELITA system and the PI suction ring was attached to the surgery eye via a vacuum pump. The PI cone was then mated 
into the PI suction ring under surgeon guidance. The surgeon centered the lenticule treatment to the central corneal mark, 
which was placed either on the pupil center or visual axis using the corneal Purkinje image while subjects fixated on the 
coaxial fixation light (based on surgeon preference). The surgeon adjusted the cylinder axis to the toric alignment marks, 
which were placed on the periphery of the cornea. Following laser treatment, the lenticule was removed through a 3 mm 
incision in the cornea.

All eyes were targeted for emmetropia. A standard operating room environment protocol of relative humidity of 40– 
70% and temperature of 16–26°C (60.8–78.8°F) was followed for all cases. Surgeons used the Zeiss OPMI LUMERA 
700 (Carl Zeiss Meditec AG Germany) ophthalmic microscope and AKRUS LS Comfort (AKRUS GmbH & Co, 
Germany) surgical bed with the ELITA laser system. Following treatment, postoperative pain control and use of bandage 
contact lenses were at the discretion of the surgeon. A postoperative regimen of topical antibiotics, corticosteroids, and 
preservative-free lubricating eye drops guidance was followed.

Outcome Measures
The primary effectiveness endpoint for the study was monocular UDVA, with 85% of eyes treated with the ELITA 
system expected to have UDVA of 20/40 or better from 1-month postoperatively. The primary safety endpoint was 
defined as maintenance of monocular CDVA, with less than 5% of all treated eyes expected to show a loss of >2 lines of 
CDVA from 1 week following surgery. Other endpoints included ease of lenticule removal, manifest refraction spherical 
equivalent (MRSE) and manifest refraction cylinder (MRC) predictability, refractive stability, induced refractive astig-
matism (absolute change in MRC compared to pre-operative), and rate of adverse events.

Table 1 Ease of Lenticule Removal Rating Scale

Grade Description

0 No dissection needed

1 Mild dissection required (< 50% of lenticule)

2 Moderate dissection needed (50–75% of lenticule)

3 Significant dissection needed (76–100% of lenticule)

4 Unable to dissect
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Statistical Analysis
Statistical analyses were conducted to evaluate the visual outcomes with the ELITA laser system 6 months following 
surgery using SAS version 9.4 (SAS Institute, Cary, NC). Each treated eye was analyzed separately for all endpoints and 
missing data were not imputed. For surgeon operative day ratings, the frequency and proportion of eyes with each ease of 
lenticule removal rating score and the number of suction losses and docking attempts were calculated. The frequency and 
proportion of eyes with each acuity line of monocular UDVA (primary effectiveness endpoint) were summarized for each 
study visit. For maintenance of CDVA (primary safety endpoint), the proportion of eyes with CDVA line changes relative 
to the preoperative visit was calculated for each visit. The safety index (CDVA postoperative/CDVA preoperative) and 
the efficacy index (UDVA postoperative/CDVA preoperative) of the procedure were calculated following the methods 
described by Gomel et al.18 Cut-offs for success were defined as 0.85 for the safety index and 0.80 for the efficacy index, 
respectively.18 With a sample size of 130 eyes, the two-sided 95% confidence interval (CI) around the proportion of eyes 
with UDVA of 20/40 or better at 1 month post-operatively was 79% to 91%, ie, the precision (half width of the CI) of the 
estimate was 6%, assuming the point estimate of the proportion to be 85% based on the normal approximation to the 
binomial distribution.

Summary statistics (mean, standard deviation, minimum, and maximum) were calculated for logMAR UDVA and 
CDVA, MRSE, manifest refraction sphere (MRS), and MRC. The frequency and proportion of eyes with MRSE, under- 
or over-corrected by more than 1.00 D or 2.00 D were also summarized over time. Intended versus achieved MRSE 
regression analysis was performed and the accuracy of MRC was also summarized over time, including the frequency 
and proportion of eyes with MRC within ± 0.50 D and ± 1.00 D. Vector analyses following the methods recommended by 
the Astigmatism Project Group of the American National Standards Institute (ANSI) were conducted to evaluate the 
accuracy of astigmatic treatments.19 The intended refractive correction (IRC), surgically induced refractive correction 
(SIRC), error vector (EV), correction ratio (CR), error ratio (ER), error of magnitude (EM), and error of angle (EA) were 
all calculated at 6 months.

Refractive stability was evaluated for eyes with data at all follow-up visits (consistent cohort – eyes with data at 1, 3, 
and 6 months). Stability was considered achieved if the following criteria were met: at least 95% of the treated eyes had 
a change ≤1.00 D of MRSE between the two successive visits; the mean rate of change was ≤0.04 D/month over the 
same time period; and the 95% confidence intervals of the mean rate of change in MRSE between successive visits 
included zero. Stability should be confirmed at least 3 months after the stability time point. The frequency and proportion 
of eyes with medical/surgical findings or adverse events was also calculated.

Results
Eighty-five subjects (170 eyes) were enrolled in the current study across the two clinical sites (Table 2). The mean age of 
subjects was 25.8 ± 6.1 years (range 18–56 years); 54% were female, 46% were male, and 100% were Indian. The 
preoperative mean MRSE was −4.14 diopters (D) ± 1.32 D (range −1.38 D to −8.88 D); preoperative mean MRS was 

Table 2 Baseline Characteristics

Number of Subjects/Eyes 85/170

Mean age (±SD) 25.8 ± 6.1

Sex (Male/Female) 39 (45.9%)/46 (54.1%)

Mean MRSE (range) −4.14 (−8.88, −1.38)

Mean MRS (range) −3.75 (−8.25, −1.25)

Mean MRC (range) −0.77 (−3.00, 0.00)

Abbreviations: SD, standard deviation; MRSE, manifest refraction sphe-
rical equivalent; MRS, manifest refractive sphere; MRC, manifest refractive 
cylinder.
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−3.75 D ± 1.27 D (range −1.25 D to −8.00 D) and mean MRC was −0.77 D ± 0.62 D (range 0.00 D to −3.00 D). All 
subjects had bilateral surgery, resulting in a total of 170 eyes being treated during the study. At the time of the interim 
analysis, data from 158, 130, 138 and 124 eyes were available from the 1-week, 1-, 3- and 6-month visits, respectively. 
There were no subjects discontinued or lost to follow-up.

Visual Acuity
Mean logMAR UDVA was 1.02 ± 0.11 at the preoperative visit and significantly improved to −0.07 ± 0.07 at the 6-month 
postoperative visit (p < 0.0001). Monocular UDVA was 20/40 or better in 100% of eyes at the 1-week, 1-, 3- and 6-month 
study visits, exceeding the primary effectiveness endpoint target of 85% at 1 month. Similar results were observed for 
binocular UDVA over time, with 100% of eyes achieving 20/40 or better from the 1-week postoperative visit onwards. At 
the 1-day visit, 65.9% of eyes achieved 20/20 or better monocular UDVA, which increased to 85.4% at 1 week, 91.5% at 
1 month, and 96% at 3 and 6 months (Figure 1).

Mean logMAR CDVA was −0.04 ± 0.04 at the preoperative visit, and significantly improved to −0.11 ± 0.05 at the 
6-month postoperative visit (p < 0.0001). All eyes achieved 20/20 or better monocular CDVA at 3 and 6 months. CDVA 
was maintained over time, with no eyes (0%) showing any loss of lines compared to preoperative CDVA at 6 months 
(Figure 2). The primary safety endpoint of <5% eyes showing >2 lines of CDVA loss at each time point was met. Further, 
gains of 1 and 2 lines of CDVA were achieved in 48.4% and 11.3% of eyes, respectively, at 6 months (Figure 2). The 
safety index of the treatment was 1.05 ± 0.14, 1.14 ± 0.17, and 1.18 ± 0.17 at the 1-week, 3-month, and 6-month visits, 
respectively. The efficacy Index was 0.95 ± 0.14, 1.06 ± 0.18, and 1.08 ± 0.18 at the 1-week, 3-month, and 6-month 
visits, respectively.

Refractive Outcomes
Regression analysis of attempted versus achieved MRSE at 3 (Figure 3A) and 6 (Figure 3B) months showed an R2 = 0.97 at both 
time points, with a tendency towards slight under-correction especially for higher myopes. Two eyes (of one subject) were under- 
corrected by greater than 1.00 D but less than 2.00 D. Preoperative MRSE for this subject was OD −6.50 D, OS −6.13 
D. Accuracy of MRSE relative to the target of emmetropia is summarized in Table 3. The predictability of this procedure for ± 
0.50 D of post-operative refractive error was 93.5% (129/138) at 3 months and 91.1% (113/124) at 6 months. The predictability 

Figure 1 Cumulative Snellen visual acuity (20/× or better) comparing postoperative (postop) uncorrected distance visual acuity (UDVA) with preoperative (preop) 
corrected distance visual acuity (CDVA) at each time point.
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of this procedure for ± 1.00 D was 98.6% (136/138) at 3 months and 98.4% (122/124) at 6 months (Figure 4). Accuracy of MRC 
relative to zero cylinder target is summarized in Table 4. At 6 months, 92% of the eyes had MRC within ± 0.50 D and 100% of 
eyes within ± 1.00 D.

The distribution of refractive astigmatism at 6 months compared to baseline is shown in Figure 5. Results of the 
vector analyses are summarized in Supplementary Tables S1–S3. The mean absolute EV was 0.19 D ± 0.27 D, the mean 
CR was 0.90 ± 0.28, and the mean ER was 0.22 ± 0.37. The mean EM was 0.04 D ± 0.27 D. Additionally, 95% (118/124) 
of eyes had an absolute EM within 0.50 D. The mean EA was 2.27 ± 17.88 degrees and 84% (104/124) of eyes had an 
absolute EA ≤15 degrees at 6 months.

Mean postoperative MRSE was stable over time, ranging from −0.34 D ± 0.24 D at 1 month to −0.33 D ± 0.23 at 6 
months (Figure 6). Only two eyes (1.6%) showed a change in MRSE by >0.5 D between the 3- and 6-month visits. In the 
consistent cohort, refractive stability was achieved by 3 months with 100% (114/114) of eyes having a change in MRSE 
within ± 0.50 D between 1 and 3 months. Mean change in MRSE per month was 0.01 D (Table 5). The 95% confidence 
interval of mean change in MRSE included zero (−0.001, 0.061), confirming refractive stability at 6 months.

Medical Findings, Surgical Complications, and Adverse Events
No (0%) serious adverse events were noted during the study. Subconjunctival hemorrhages were observed intraopera-
tively in 2 eyes of 1 subject, which resolved at 1 week. Trace corneal edema was noted in 6 eyes (3.5%) at the 1-day visit, 
which resolved by the 1-week visit. Mild corneal haze was observed in 1 eye (0.6%) at the 1-day visit, which also fully 
resolved by the 1-week visit. Corneal scarring, rated as barely visible on slit-lamp examination, was observed at the edge 
of the entry cut in 14 eyes (8.2%) at the 1-day visit, which increased to 60 eyes at the 3-month visit (43.5%) but then 
decreased to 30 eyes (24.2%) at the 6-month visit. Debris were noted in the corneal interface in one eye (0.6%) at the 
1-day and 1-week visits. In two eyes (1.2%), the entry cut was inadvertently extended. One case was due to subject 
movement during lenticule removal. At 3 months, the subject’s UDVA and CDVA were 20/20 and 20/17, respectively. In 
the second case, there was a small uncut area in the periphery at the 4–5 o’clock position that required significant 
dissection. Intraoperative OCT showed a small uncut lenticular remnant, which was removed with further dissection, 
which was confirmed with OCT. The tissue manipulation resulted in the extension of the entry cut. This subject’s UDVA 
and CDVA at 3 months postoperatively were 20/23 and 20/18, respectively. None of these cases were clinically 
significant. Very few non-directed ocular symptoms were reported by the subjects; at 3 months, ocular irritation was 
reported in one eye (0.7%) and at 6 months, blurred intermediate vision was reported in 2 eyes (1.6%) and foreign body 
sensation in 2 eyes (1.6%).

Figure 2 Change in corrected distance visual acuity (CDVA) at 6 months compared to preoperative.
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Surgical Experience
Surgeon ratings of ease of lenticule removal are summarized in Figure 7. There was no/minimal (grade 0 or 1) difficulty 
in lenticule dissection in 85.3% of the eyes. Only 3/169 eyes (1.8%) were rated as grade 3 requiring significant 

Figure 3 Attempted versus achieved spherical equivalent refraction at (A) 3 and (B) 6 months. The blue line indicates a perfect result, and the green and pink lines depict 
over- and under-correction of 0.50 D and 1.00 D, respectively.

Table 3 Accuracy of Manifest Refraction Spherical Equivalent (MRSE) Relative to Emmetropia 
Target

MRSE Accuracy 1 Week n (%) 1 Month n (%) 3 Months n (%) 6 Months n (%)

± 0.50 D 140/158 (88.6%) 115/130 (88.5%) 129/138 (93.5%) 113/124 (91.1%)

± 1.00 D 157/158 (99.4%) 128/130 (98.5%) 136/138 (98.6%) 122/124 (98.4%)
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dissection, and no eyes were rated as grade 4 (unable to dissect). No suction losses occurred during laser treatment and 
only one docking attempt was required for 93.3% of eyes.

Discussion
In a scanning electron microscopy study of human corneal lenticules after VisuMax (Carl Zeiss Meditec) femtosecond 
laser surgery, Kunert et al found that tissue bridges, cavitation bubbles and scratches caused surface irregularities.15 

Surface regularity increased as pulse energy decreased, suggesting optimizing spot separation and pulse energy could 
lead to better corneal outcomes.15 High pulse energy, as used in first generation femtosecond lasers, was also implicated 
in the development of complications such as transient light sensitivity syndrome20 and corneal haze, due to activation of 
corneal keratocytes.15,21

The ELITA laser system was designed to deliver lower energy per pulse (40–90 nJ) compared to other laser systems 
on the market, such as the Carl Zeiss Meditec VisuMax (100–180 nJ)11,12 and Schwind ATOS (100–120 nJ),5,22 to 
produce continuous tissue-bridge-free corneal lenticules that are easy to remove to enable faster visual recovery. Another 
unique feature of the ELITA system is the biconvex lenticule shape that creates identical surfaces and tissue matching 
following lenticule removal. The biconvex shape is expected to cut less collagen fibers in the peripheral cornea by cutting 
deeper into the stroma, thereby potentially producing less opaque-bubble-layer and better preserving corneal biomecha-
nical strength.23 Additionally, the biconvex lenticule shape is expected to better preserve corneal nerves.24,25 It is 
worthwhile noting that both the plano-convex lenticule shape, as used in conventional LALEX procedures, and the 
biconvex lenticule shape are calculated based on the same optical principle,3 and the volumes of the two lenticule shapes 
for a given refractive correction are the same. The steep learning curve of LALEX procedures, with lenticule dissection 
and extraction being the most difficult steps,13 has been shown to be a main barrier to adoption for many surgeons. In this 
study, ease of lenticule removal in the SILK procedure was rated favorably by the surgeons, with 85.3% of eyes requiring 
no or only mild dissection of the lenticule. In addition, immune responses to the laser treatment were minimal, with only 

Figure 4 Spherical equivalent refractive accuracy at 6 months.

Table 4 Accuracy of Manifest Refractive Cylinder (MRC) Relative to Zero Cylinder Target

MRC Accuracy 1 Week n (%) 1 Month n (%) 3 Months n (%) 6 Months n (%)

± 0.50 D 150/158 (94.9%) 120/130 (92.3%) 131/138 (94.9%) 114/124 (91.9%)

± 1.00 D 158/158 (100%) 130/130 (100%) 138/138 (100%) 124/124 (100%)
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one eye (0.6%) developing corneal haze at the 1-day visit, which was mild in nature and fully resolved by the 1-week 
visit. These results compared favorably to a 3-month clinical cohort study of 1574 eyes undergoing bilateral SMILE, 
where corneal haze (grade 0.5 to 1) was observed in 8% of eyes postoperatively.26

The ELITA Femtosecond Laser System with the SILK procedure produced excellent visual outcomes in this 6-month 
study. Fast visual recovery was observed, with 65.9% of eyes achieving UDVA of 20/20 at 1 day postoperatively, which 
improved to 85.4% at 1 week, 91.5% at 1 month and then 96% at 3 and 6 months. In comparison, visual recovery was 
slower following SmartSight lenticule extraction with only 37% and 71% of eyes achieving UDVA of 20/20 at 
postoperative 1 day and 1 week, respectively.22 When compared to SMILE, visual recovery was also faster at 1 day 
in this study, with only 55% of eyes undergoing SMILE achieving UDVA of 20/20 or better compared to 65.9%.27 

However, by one week, the results were similar between the SILK and SMILE procedures, with 89% of SMILE treated 
eyes achieving UDVA of 20/20 or better.27

Figure 6 Stability of spherical equivalent refraction over 6 months.

Figure 5 Distribution of refractive astigmatism at 6 months (Postop) compared to preoperative (Preop).
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Monocular UDVA was 20/40 or better in 100% of eyes from the 1-week visit onwards in this study, exceeding the 
primary effectiveness endpoint target of 85%. The primary safety endpoint of <5% eyes showing >2 lines of CDVA loss 
at each time point was also met, with no eyes showing losses of >2 lines of CDVA. At 6 months, no losses of any lines of 
CDVA were recorded while improvements in CDVA were observed, with 48% of eyes gaining 1 line and 11% of eyes 
gaining 2 lines of CDVA compared to preoperative. In comparison, in a 6-month study of 113 eyes following SMILE 
surgery, 4% of eyes lost 1 line and 2% of eyes lost 2 lines of CDVA.27 In a 12-month study of 221 treated with 
SmartSight lenticule extraction, 1% of eyes lost 1 line of CDVA.5

For safety index, a value below 0.85 indicates that 2 or more lines of CDVA were lost. For efficacy index, a value 
below 0.8 indicates a loss of more than 2 lines of UDVA.18 Safety and efficacy indices exceeded these cut-offs at all 
follow-up visits, deeming the SILK procedure successful. The SILK safety and efficacy indices were comparable to those 
reported for the SMILE procedure;28–30 however, the safety index was better than that reported following the CLEAR 
procedure (0.98 at 10 months with CLEAR4 compared to 1.18 at 6 months achieved in this study).

Accuracy and stability of correction were also demonstrated, with 91.1% and 91.9% of eyes within ±0.50 D of target 
for MRSE and MRC, respectively, at 6 months. Refractive stability was achieved by 3 months following surgery and was 
maintained through 6 months. There was a tendency toward slight under-correction of MRSE by approximately one-third 
of a diopter, which may explain why 65.9% of eyes achieved UDVA of 20/20 or better at 1 day compared to 87.6% of 
eyes achieving 20/25 or better at the same visit. This under-correction could be addressed with nomogram modifications 
to potentially improve visual outcomes further. Only two eyes were under-corrected by more than 1 D, and those were 
two eyes of one subject, suggesting a possible difference in corneal structure and/or healing response.

Table 5 Refractive Stability Between 1 and 3 Months, and 3 and 6 Months

Between 1 Month and 3 Months Between 3 Months and 
6 Months

Change in MRSE by ≤ 0.50 D n (%) 114/114 (100%) 112/114 (98.2%)

Change in MRSE by ≤1.00 D n (%) 114/114 (100%) 114/114 (100%)

Mean Change in MRSE D ± SD (95% CI) 0.03 ± 0.17 (−0.001, 0.061) −0.02 ± 0.15 (−0.046, 0.011)

Mean Change per Month (D) 0.01 −0.01

Notes: Includes only eyes with data at 1-, 3-, and 6-month visits (Consistent Cohort). 
Abbreviations: SD, standard deviation; MRSE, manifest refraction spherical equivalent; CI, confidence interval.

Figure 7 Ease of lenticule removal surgeon ratings (n=169), where 0 = no dissection needed and 4 = unable to dissect. 
Notes: See Table 1 for additional rating scale details. Data missing for 1 eye.
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The cylinder power and axis of astigmatism are most effectively represented and described mathematically by 
a vector. This allows the combination of magnitude and direction to be specified using a single mathematical 
expression.19 Using ANSI recommended vector analyses,19 the mean absolute EV was less than a quarter of 
a diopter. The mean CR of 0.9 was close to the ideal of 1.0, implying a slight under-correction of the cylinder, 
which could also be addressed with nomogram adjustments. The EM is the difference of the magnitude between the 
SIRC and the IRC (ideally 0 D); the mean EM was very small at only 0.04 D, further demonstrating the accuracy of 
the SILK procedure. When compared to SMILE after 12 months, the EM in this study was similar to the SMILE 
EM of −0.05 D reported by Zhang et al,31 but more favorable than the EM of −0.26 D reported by Jabbarvand et al 
in a similar population of subjects with low astigmatism (≤3.0 D cylinder).32 When assessing whether the treatment 
was applied at the correct axis, the mean EA in this study (2.27 ± 17.88 degrees) was also similar as that reported 
for SMILE at 12 months (−3.04 ± 11.57 degrees)31 but varied in direction from the IRC between the two 
procedures.31

The purpose of this clinical trial was to evaluate the visual outcomes of the ELITA Femtosecond Laser System. The 
primary safety and efficacy endpoints were clearly defined based on regulatory guidance, and standardized graphs for 
reporting of refractive surgery outcomes were utilized to enable comparison with other published outcomes. A limitation 
of this study is that it was conducted at two sites in one country. Future studies could include additional sites, more 
diverse patient population, and comparative study designs to other corneal refractive procedures.

No safety concerns were identified during this 6-month study, although follow-up was limited to only 6 months. 
Medical findings and surgical complications were minimal, consistent with other studies of LALEX procedures,10 and no 
serious adverse events occurred, supporting the safety of the SILK procedure using the ELITA system. Longer term 
follow-up of subjects up to 12 months is ongoing and will provide additional safety data and insights into the longer term 
visual performance achieved.

Conclusion
The ELITA Femtosecond Laser System delivered a consistent, safe, and effective treatment of myopic refractive errors 
with and without astigmatism over 6 months. Easy lenticule removal and fast visual recovery were demonstrated and 
supported the primary clinical hypothesis, with 85.4% of eyes achieving 20/20 or better and 100% of eyes achieving 20/ 
40 or better UDVA 1 week after surgery; refractive stability was achieved as early as 3 months. Medical findings and 
surgical complications were minimal, and no serious adverse events occurred. Longer term follow-up of subjects up to 12 
months is ongoing and will be reported in a future publication.

Data Sharing Statement
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