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Purpose: Evaluate the safety and efficacy of ray tracing—based LASIK surgery to correct myopia in eyes with and without astigmatism.
Patients and Methods: This prospective study included adults with myopia up to —10.00 D, with or without astigmatism
(NCT04219891). For each eye, a 3D virtual model and personalized ablation profile were developed using data from InnovEyes™
Sightmap and ray-tracing algorithm, followed by a wavelight plus LASIK treatment. Efficacy endpoints included percentage of eyes
achieving manifest refraction spherical equivalent (MRSE) within 1.00 and 0.50 D of emmetropia at refractive stability and
uncorrected distance visual acuity (UDVA) assessments. Follow-up was up to 12 months. Safety endpoints included percentage of
eyes that lost >2 lines corrected distance visual acuity (CDVA) at refractive stability versus preoperative CDVA and non—flap-related
ocular serious adverse events (SAEs). Mean optical aberrations were assessed. Dry eye symptoms were evaluated using ocular surface
disease index scores. Patient-reported outcomes were assessed using Patient-Reported Outcomes With LASIK questionnaire.
Results: A total of 163 patients (326 eyes) completed the study. Refractive stability was achieved at 3 months; during a 1- to 3-month
interval, 99.4% of eyes had <1.00 D change in MRSE. MRSE within 0.50 and 1.00 D of emmetropia was achieved in 92.0% and
98.5% of eyes. At 12 months, 94.4% of eyes achieved UDVA of 20/20 or better. No eyes lost >2 lines of CDVA; no ocular SAEs or
non-ocular adverse device effects were reported. Slight increase in coma (0.086 um) and decrease in spherical aberration (—0.030 um)
were reported at 12 months. Dry eye symptoms improved after procedure (preoperative, 14.90+13.07; 12 months, 7.69+8.12).
Postoperatively, 98% of patients reported being very/completely satisfied with their vision.

Conclusion: Ray tracing—guided LASIK treatment was safe and effective for correcting myopia in individuals with and without
astigmatism, producing stable visual outcomes and high satisfaction.
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Introduction
The 1999-2004 National Health and Nutrition Examination Survey estimates that clinically relevant refractive error, such
as myopia, hyperopia, and astigmatism, affects half of all adults in the United States.! Globally, myopia is the most
common refractive error, with prevalence estimated to reach 50% by 2050.>° Laser-assisted in situ keratomileusis
(LASIK) is a safe and effective procedure used to correct refractive error.*> The goals of refractive surgery are to reduce
refractive error, achieve the desired uncorrected visual acuity (VA), and preserve or improve corrected VA.

Early conventional LASIK ablation profiles provided good refractive outcomes but failed to account for the effect of
corneal curvature, resulting in small optical zones, induction of higher-order aberrations, and poor night vision.®’

Custom ablation treatments to improve outcomes have been developed, including wavefront-guided, wavefront-
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optimized, and topography-guided ablation.* '° Current wavefront-based and topography-based methods for calculating
the ablation profile use simplified eye models (such as the Gullstrand model eye)'' that do not account for the multiple
refractive elements of the eye that may result in residual (or increased) higher-order aberrations, particularly at higher
refractive corrections.'> A more accurate and personalized calculation of the corneal laser ablation profile is needed to
achieve better surgical outcomes.

Ray tracing—guided vision correction uses a treatment algorithm for calculating and optimizing ablation profiles'? and
has been reported to be safe and effective in patients with and without astigmatism in a proof-of-concept study.”’14 More
recently, data from the InnovEyes™ Sightmap (Alcon Vision LLC, Fort Worth, TX, USA) was used to develop a ray
tracing algorithm. InnovEyes Sightmap is a single device that integrates wavefront profile, whole eye biometry, and
Scheimpflug tomography. These data are used by the ray-tracing algorithm to generate a personalized 3-dimensional (3D)
virtual eye model.'> This computer-based, iterative method takes into consideration the multiple refractive interfaces of
the eye and uses the personalized eye model to optimize the treatment plan. Ray tracing—guided vision correction using
the InnovEyes Sightmap has been reported to be safe and effective in patients with and without astigmatism.'>'® In
a prospective study, personalized LASIK ablation profiles based on optical ray tracing were used to successfully treat
eyes with moderate-to-high myopic astigmatism, with no unexpected complications.'> A multicenter study that evaluated
the efficacy and safety of the InnovEyes Sightmap—guided treatment at 4 sites in 212 eyes with preoperative myopia
<-9.00 diopters (D) and astigmatism of 0 to —4.00 D reported that corrected and uncorrected VA of 20/20 was achieved
in 100% and 98% of eyes, respectively, at 3 months postoperatively; there were no procedure-related safety signals.'
A single-center, retrospective review of 400 consecutive eyes with a preoperative myopia <—8.25 D sphere found that all
eyes achieved 20/20 corrected and uncorrected VA and a decrease in spherical aberrations after 3 months.'®

The purpose of this prospective multicenter clinical study, designed in accordance with ANSI Z80.11-2012(R2017),
was to evaluate the safety and efficacy of ray tracing—based LASIK surgery for the correction of myopia in eyes with and
without astigmatism as part of a premarket approval submission in the United States. This multicenter prospective study
provided a larger treatment range and longer follow-up than previously published studies. Additionally, this study
included higher-order aberrations and Patient-Reported Outcomes with LASIK (PROWL).

Methods

Study Design

This was a prospective, single-arm, multicenter, interventional study (March 2020-November 2022; NCT04219891)
conducted at 9 sites in the United States. Patients received bilateral wavelight plus LASIK treatment. Data collected from
the InnovEyes Sightmap device were used to generate a 3D eye model, which was used by the ray-tracing algorithm to
create the ablation profile. All eyes were targeted for emmetropia using data generated by the algorithm; planning was
not required. Nomograms were not used. The study was conducted in accordance with the ethical principles of the
Declaration of Helsinki and in compliance with good clinical practice guidelines. The University of Nebraska Medical
Center deferred this study’s approval to a central institutional review board (Advarra Inc., Columbia, MD, USA;
registration number, 00000971). The study was approved by Advarra Inc. (Pro00040863), and all patients provided
informed consent before the initiation of any study-specific procedures.

Patients were >18 years old with myopia up to —10.00 D with or without astigmatism. Other inclusion criteria were
astigmatism up to —4.50 D, manifest refraction spherical equivalent (MRSE) up to —12.00 D, photopic corrected distance
VA (CDVA) of 20/20 or better (<0.04 logarithm of the minimum angle of resolution [logMAR]), photopic uncorrected
distance VA (UDVA) of 20/40 or worse (>0.34 logMAR), <0.75 D difference between InnovEyes Sightmap measured
refraction and subjective manifest refraction, and stable refraction (<+0.50 D) for >12 months before surgery.

Key exclusion criteria were history of corneal disease or retinal vascular disease, keratoconus, or glaucoma; previous
intraocular or corneal surgery; intent to have monovision treatment; systemic medications that may confound the
outcome of the study; predicted residual stroma bed thickness <250 um; and pregnancy or breastfeeding.
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Visits included screening; surgery; day 1; week 1; and postoperative months 1, 3, 6, 9, and 12. The full analysis set
included all eyes that underwent successful surgery. The safety analysis set included all eyes that underwent surgery or
attempted surgery (eyes that received eye drops for flap creation).

Intervention

The WaveLight FS200 femtosecond laser (Alcon Vision LLC) was used to create a corneal flap using standard procedure.
Flap parameters, including thickness and diameter, were determined by each surgeon (recommended parameters: flap
thickness, 100—120 um; flap diameter, 8.5-9.0 mm). The WaveLight EX500, a stationary scanning-spot excimer laser
system (WaveLight GmbH, Erlangen, Germany), was used to perform wavelight plus LASIK treatment using the
preoperative data from the InnovEyes Sightmap. Preoperative data collected using the InnovEyes Sightmap device
included measurements of corneal shape and thickness, pupil diameter, axial length, optical aberrations (astigmatism,
coma, sphere/focus, spherical aberration, tilt, trefoil, and root mean square height [RMSh]), and refractive error.
InnovEyes Sightmap was used by specially trained physicians, medical staff, and optometrists according to the user
manual instructions. The personnel ensured that measurements, such as cylinder and axis, were consistent. To avoid
excessive accommodation, the difference between InnovEyes Sightmap and manifest refractions was within 0.75 D, per
protocol, and preferably within 0.5 D. WaveLight EX500 software included the InnovEyes ray-tracing algorithm. A 3D
virtual model was generated for each individual eye using the data captured by InnovEyes Sightmap, and a specific
ablation profile was calculated for refractive correction.

Efficacy and Safety Assessments

Efficacy measures included MRSE, UDVA, and CDVA under photopic conditions (85 cd/m? luminance). Monocular
CDVA and UDVA were assessed at 4 m. Co-primary efficacy endpoints were the percentage of eyes with MRSE within
0.50 and 1.00 D of emmetropia at refractive stability, percentage of eyes with UDVA of 20/40 or better at refractive
stability, and percentage of eyes that achieved refractive stability. Other efficacy endpoints included percentage of eyes
with MRSE predictability within +£0.50, +1.00, and +2.00 D, and percentage of eyes with UDVA equal to or better than
preoperative CDVA. Mean aberrations, including astigmatism, sphere, trefoil, coma, spherical aberration, and RMSh
were assessed using the InnovEyes sightmap. Aberrometry was performed without dilation under mesopic conditions,
with pupils >4.5 mm.

Co-primary safety endpoints were percentage of eyes that lost >2 lines of CDVA, percentage of eyes with CDVA
worse than 20/40, percentage of eyes with an increase of manifest refractive astigmatism >2.00 D of absolute cylinder
compared with preoperative refraction, and percentage of eyes with a non—flap-related ocular serious adverse event
(SAE). Safety criteria were met if the percentage of eyes was lower than the target rate at the time of refractive stability.

Patient-Reported Outcomes

For patients receiving LASIK treatment, PROWL is a psychometrically sound questionnaire determined to be reliable
and valid.'”'"® PROWL was used to assess satisfaction with treatment, visual symptoms (double images, halos, glare, and
starbursts), and ocular surface disease index (OSDI). OSDI was based on a composite score from 0 to 100. OSDI scores
were 0—12 for normal eyes, 13-22 for mild, 23-32 for moderate, and 33—100 for severe dry eye disease.

Statistics

Refractive stability was achieved if the following criteria were met when comparing two visits (MRSE assessed >3
months apart or comparing MRSE at 1-month and 3-month visits): >295% of treated eyes had MRSE change <1.00 D,
mean rate of change in MRSE was <0.50 D per year, mean rate of change in MRSE decreased monotonically over time
(projected asymptote of 0 or a rate of change attributable to normal aging), 95% CI for mean rate of MRSE change
included 0; stability was confirmed >3 months after the stability time point by >80% of the cohort. Statistical analysis
was performed using SAS™ software (SAS Institute Inc., Cary, NC, USA).
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Results

Patient Disposition

A total of 168 patients (336 eyes) successfully received bilateral surgical treatment. Five patients discontinued after
attempted surgery: 2 withdrew and 3 were lost to follow-up; 163 patients (326 eyes) completed the study. The full
analysis set, defined as all eyes that successfully underwent surgery, included 167 patients (334 eyes; 1 patient was
excluded because of pregnancy).

Mean + SD age was 33.3+7.0 years; 62.9% (105/167) of patients were female, and 76.6% (128/167) were White (Table 1).
Baseline mean + SD UDVA, CDVA, and MRSE were 1.188+0.400 logMAR, —0.080+0.062 logMAR, and —4.71£2.31 D,
respectively; 45.2% (151/334) of eyes had minimal to no preoperative astigmatism (manifest refraction cylinder 0 to <—0.50
D); 54.8% of eyes (183/334) had astigmatism with manifest refraction cylinder treatment >—0.50 to <—4.00 D.

Refractive and Safety Outcomes
Refractive stability was achieved postoperatively at 3 months, defined as >95% of eyes with <1.00-D change in MRSE,
mean rate of change <0.04 D/month, and the 95% CI included 0. During the 1- to 3-month interval, 99.4% (324/326) of
eyes had <1.00-D change in MRSE; mean rate of MRSE change was —0.005 D/month. Refractive stability was confirmed
at the 3- to 6-month interval (98.5% [321/326] of eyes had <1.00-D MRSE change).

Mean + SD MRSE was —0.049+0.349 and —0.061+0.325 D at 3 and 12 months, respectively (Table 2). At 3 months,
92.0% (300/326) and 98.5% (321/326) of eyes achieved MRSE within 0.50 and 1.00 D of emmetropia, respectively. At
12 months, 94.4% (304/322) and 99.7% (321/322) of eyes achieved MRSE within 0.50 and 1.00 D of emmetropia,

Table | Patient Demographics and Baseline Characteristics

Demographics Patients
n=167
Age, mean + SD (range), y 33.3+7.0 (21-56)
Sex, n (%)
Female 105 (63)
Male 62 (37)
Race, n (%)
White 128 (77)
Black or African American 10 (6)
Asian 16 (10)
Other® 13 (8)
Ethnicity, n (%)
Hispanic or Latino 23 (14)

Baseline characteristics, mean * SD

Eyes, n 334
UDVA, logMAR 1.188+0.400
CDVA, logMAR —0.080 +0.062
UNVA, logMAR 0.617+0.415
MRSE, D —4.71£2.31
Manifest refraction sphere, D —4.19+£2.42
Manifest refraction cylinder, D —1.03+0.94
InnovEyes Sightmap refraction SE, D —4.90£2.36
InnovEyes Sightmap refraction sphere, D —4.36+2.46
InnovEyes Sightmap refraction cylinder, D —1.08+0.92

Note: *Including American Indian or Alaska Native, Native Hawaiian or Other
Pacific Islander, and Multiracial.

Abbreviations: CDVA, corrected distance visual acuity; D, diopter; logMAR,
logarithm of the minimum angle of resolution; MRSE, manifest refraction
spherical equivalent; SE, spherical equivalent; UDVA, uncorrected distance
visual acuity; UNVA, uncorrected near visual acuity.
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Table 2 Efficacy Outcomes at 3 and 12 Months Postoperatively

Outcomes, Mean * SD 3 Months 12 Months
n=326 n=322
MRSE, D —0.049+0.349 | —0.061£0.325
UDVA, logMAR —0.08+0.09 —0.09+0.09
CDVA, logMAR —0.12+0.07 —0.13+0.07
Aberrometry change from baseline®
Astigmatism, pm —0.490+0.600 | —0.501+0.622
Sphere, ym —5.323+2.503 | —5.097+2.436
Trefoil, ym —0.002+0.086 | 0.002+0.083
Coma, pm 0.082+0.137 0.086+0.143
Spherical aberration, pm —0.056+0.101 | —0.030+0.090
Total HOA (RMSh), pm 0.061+0.135 0.074+0.144

Note: *Aberrometry results at 5.5-mm optical zone; at 12 months, n=314.
Abbreviations: CDVA, corrected distance visual acuity; D, diopter; HOA, higher
order aberrations; LASIK, laser-assisted in situ keratomileusis; logMAR, logarithm of
the minimum angle of resolution; MRSE, manifest refraction spherical equivalent;
RMSh, root mean square height; SE, spherical equivalent; UDVA, uncorrected dis-
tance visual acuity.

respectively. At 3 months, 3 eyes (0.9%) were overcorrected by >1.00 D and 2 eyes (0.6%) were undercorrected by >1.00
D. At 12 months, 1 eye was overcorrected by >1.00 D and none were undercorrected by >1.00 D. Undercorrection
occurred in the same patient and was attributed to severe dry eye.

All eyes (100%) achieved UDVA of 20/40 or better, and 92.3% (301/326) of eyes achieved UDVA of 20/20 or better
at 3 months (Figure 1A), with 94.4% (304/322) achieving UDVA 20/20 or better at 12 months. Mean = SD UDVA
improved from 1.194+0.40 logMAR preoperative to —0.08+0.09 and —0.09+£0.09 logMAR at 3 and 12 months, respec-
tively (Table 2). At 3 months, postoperative UDVA was equivalent to preoperative CDVA in 72.4% (236/326) of eyes and
was >1 line better in 12.9% (42/326) and >1 line worse in 14.7% (48/326) of eyes (Figure 1B). At 12 months,
postoperative UDVA was equivalent to preoperative CDVA in 76.1% (245/322) of eyes and was >1 line better in
14.0% (45/322) and >1 line worse in 9.9% (32/322) of eyes.

Mean + SD CDVA improved from —0.08+0.06 preoperative to —0.12+0.07 and —0.13+0.07 logMAR at 3 and 12
months, respectively (Table 2). At 3 months, 77.6% (253/326) of eyes had no change in postoperative versus preoperative
CDVA (Figure 1C), 20.2% (66/326) gained >1 line, and 2.1% (7/326) lost 1 line. At 12 months, 71.1% (229/322) of eyes
had no change in CDVA, 26.7% (86/322) gained >1 line, and 2.2% (7/322) lost >1 line.

At 12 months, all eyes (326/326) achieved CDVA of 20/32 or better and 98.7% (322/326) achieved CDVA of 20/20
or better. At any postoperative visit, 4/336 eyes (1.2%) had a loss of >2 lines in CDVA compared with preoperative
and 4/336 eyes (1.2%) had non—flap-related ocular SAEs. Two eyes had a loss of >2 lines in CDVA before refractive
stability; these eyes recovered to within 2 lines of baseline CDVA at refractive stability. Two additional eyes had a loss
of >2 lines in CDVA after refractive stability was achieved. Of these, one eye had a decrease in CDVA from —0.12
logMAR at baseline to 0.14 logMAR at 9 months; this patient had an adverse event of corneal opacity after probable
viral infection, and CDVA improved to —0.08 logMAR at 12 months. Another eye had a decrease in CDVA from
—0.16 logMAR at baseline to 0.08 logMAR at 12 months; the patient had extreme dry eye related to a lack of sleep
before the visit. Reduced visual acuity was not related to the device in these eyes. No eyes with preoperative CDVA
20/20 or better had postoperative CDVA worse than 20/40, and no eyes had a postoperative increase in manifest
refractive astigmatism >2.00 D of absolute cylinder compared with preoperative refraction.

Additional standard graphs for reporting refractive surgery outcomes, including attempted versus achieved spherical
equivalent refraction, accuracy of spherical equivalent refraction, and mean spherical equivalent refraction as a function of
time, are shown in Figure 1D-F. Mean preoperative SEQ was —4.7342.33 D (Figure 1D), with 92% and 98% of eyes achieving
SEQ within 0.50 and 1.00 D of intended target, respectively (Figure 1E), and mean = SD SEQ at 12 months of —0.06+0.32
(Figure 1F).
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Figure | Standard graphs for reporting refractive surgery outcomes and astigmatism correction at 3 months postoperatively in 326 eyes targeted for Plano. Cumulative
postoperative UDVA and CDVA (A), changes in Snellen lines for postoperative UDVA compared with preoperative CDVA (B), changes in Snellen lines for postoperative
compared with preoperative CDVA (C), attempted versus achieved spherical equivalent refraction (D), accuracy of spherical equivalent refraction (E), spherical equivalent
refraction by visit (F), refractive astigmatism (G), target induced versus surgically induced astigmatism in 181 astigmatic eyes (H), and refractive astigmatism angle of error in
181 astigmatic eyes (I).

Abbreviations: Abs mean, absolute mean; Arith mean, arithmetic mean; CDVA, corrected distance visual acuity; preop, preoperative; postop, postoperative; SEQ, spherical
equivalent refraction; SIA, surgically induced astigmatism; TIA, target-induced astigmatism; UDVA, uncorrected distance visual acuity; VA, visual acuity.

Refractive astigmatism results are summarized in Figure 1G. In a sub-analysis of eyes with astigmatism (preoperative
manifest refraction cylinder >0.50 D; n=181), postoperative manifest refraction cylinder at 3 months was within 0.50
D and 1.00 D in 88.4% and 96.1% of eyes, respectively. Analysis of target-induced astigmatism (1.47+0.81 D) and
surgically induced astigmatism (1.66+0.94 D) in 181 astigmatic eyes at 3 months is summarized in Figure 1H; refractive
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astigmatism angle of error in this subgroup is shown in Figure 11. Based on a vector analysis in these 181 astigmatic
eyes, mean correction ratio was 1.138, representing an overcorrection of ~14% in treatment magnitude with application
at the correct axis; absolute error of angle was within £15° in 98.3% of astigmatic eyes overall, with only those eyes in
the lowest cylinder bin for preoperative astigmatism (>—0.50 to <-1.00 D) having absolute error of angle values outside
this range. Standard graphs for reporting astigmatism correction are shown in Figure 2.

Most eyes (>84%) had no change or a clinically significant improvement (>0.30 logMAR improvement at >2 spatial
frequencies) in contrast sensitivity, with or without glare, at 12 months. Specifically, 48.2% (157/326) and 34.0% (111/
326) of eyes had a clinically significant improvement in contrast sensitivity with and without glare, respectively, at 12
months (Table 3). Clinically significant decrease in contrast sensitivity at 12 months was observed in 17.5% and 11.3% of
eyes with and without glare. Postoperative mean contrast sensitivity increased numerically from preoperative values at all
spatial frequencies (except 9 months at 1.5 cycles per degree [mean change, —0.024 log contrast]). Mean improvement in
postoperative versus preoperative contrast sensitivity at 12 months was 0.119-0.208 and 0.008-0.157 log contrast with
and without glare, respectively.

A small increase in mean + SD total higher-order aberrations for the 5.5-mm optical zone was observed at 12 months
(0.074+0.144 um; Table 2), including an increase in coma (mean change + SD, 0.086+0.143 pm) and a decrease in
astigmatism (mean change + SD, —0.501+0.622 pm), sphere (mean change + SD, —5.097+2.436 pm), and spherical aberration
(mean change + SD, —0.030+0.090 um); trefoil remained relatively unchanged (mean change + SD, 0.002+0.083 um).

The safety analysis set included 336 eyes. At 3 months, no eyes had a loss of >2 lines in postoperative versus
preoperative CDVA, no eyes with preoperative CDVA >20/20 had postoperative CDVA worse than 20/40, no eyes had an
increase >2.00 D of absolute cylinder in postoperative versus preoperative manifest refraction astigmatism, and no eyes
had non—flap-related ocular SAEs. There were no reported ocular or non-ocular adverse device effects.
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Figure 2 Single-angle polar plots for the target-induced astigmatism vector (A), surgically induced astigmatism vector (B), difference vector (C), and correction index (D).
Abbreviations: Arith. mean, arithmetic mean; Geom. mean, geometric mean; +ve cyl, positive cylinder; SD, standard deviation.

Clinical Ophthalmology 2026:20 heeps: 7



Krueger et al

Table 3 Percentage of Eyes with Clinically
Significant Changes in Corrected Distance
Contrast Sensitivity

Condition, n (%) 3 Months | 12 Months
n=330 n=326

Mesopic with glare

Decrease 67 (20.3) 57 (17.5)

No change 124 (37.6) 117 (35.9)

Increase 145 (43.9) 157 (48.2)
Mesopic without glare

Decrease 45 (13.6) 37 (11.3)

No change 195 (59.1) 179 (54.9)

Increase 92 (27.9) 111 (34.0)

Notes: A difference of 20.30 log unit decrease (loss) or
increase (gain) at 2 or more spatial frequencies from preopera-
tive was considered to be a clinically significant change in
contrast sensitivity; decrease and increase categories were
not mutually exclusive.

Patient-Reported Outcomes
Based on the PROWL questionnaire, 78% versus 53% of participants had >1 symptom preoperatively versus post-
operatively. Double images, glare, halos, and starbursts were reportedly less prevalent and bothersome postoperatively
versus preoperatively (Figure 3A). Most patients (98%; 159/163) were “completely satisfied” or “very satisfied” with
their vision, and 91% reported spectacle independence (including distance and near vision combined). At 12 months,
98% (158/161) of patients who drove reported no difficulty driving during the daytime in familiar places; 1.9% (3/161) of
patients reported a little difficulty. Throughout the postoperative period, no patients reported that they had stopped
driving because of their vision.

At 3 months, mean OSDI scores improved versus preoperative scores (mean reduction = SD, —6.48+12.95; Figure 3B);
mean scores remained stable at 12 months. Based on OSDI scores, dry eye symptoms improved after the procedure.

Discussion

The ray tracing—based LASIK surgery using the InnovEyes Sightmap diagnostic device was safe and effective for
correcting myopia with and without astigmatism. This study presents the US Food and Drug Administration—approved
clinical trial data for a new class of personalized laser vision correction, which derives its ablation profile from a ray-
tracing algorithm and personalized 3D eye model generated by the InnovEyes Sightmap device. This device co-axially
captures the 3 essential components used in generating each unique eye model: the eye’s tomography, biometry, and
ocular wavefront profile. The ray-tracing algorithm iterates the passage of light through the eye model to the ideal corneal
ablation profile and accounts for biomechanics and epithelial remodeling corresponding to the shape and profile of tissue
removed. The personalization offered by this ablation profile considers the patient’s unique external and internal ocular
features and represents a step forward in personalized medicine for laser vision correction.

In this study, a postoperative UDVA of >20/20 was achieved by 92% and 94% of eyes at 3 and 12 months, respectively, and
>20/16 by 67% and 70% of eyes; >20% of eyes achieved UDVA of >20/12.5. The proportions of eyes gaining >1 line of
postoperative UDVA compared with preoperative CDVA were 13% and 14% at 3 and 12 months, respectively. Patient
satisfaction was high, with 98% completely or very satisfied. Complete spectacle independence was high despite the inclusion
of early presbyopes in the study. A small overall increase in mean total high-order aberrations at 12 months was attributed
primarily to increased coma, with trefoil remaining essentially unchanged. The increase in coma has been proposed to be
linked to potential eye movement during ablations.'® There was no increase but rather a non-significant decrease in spherical
aberration and no device-related adverse effects. This decrease in spherical aberrations is consistent with a previous report
(right eye, —0.047+0.095 um; left eye, —0.051£0.091 pm).'® The small increase in total high-order aberrations at 12 months
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Figure 3 Symptom prevalence (A) and OSDI score distribution (B) from the PROWL questionnaire (safety analysis set).
Abbreviations: LASIK, laser-assisted in situ keratomileusis; OSDI, ocular surface disease index; PROWL, Patient-Reported Outcomes With LASIK.

may have been due to flap creation, epithelial and stromal healing, dry eyes, or changes that occur with each blink during
measurements or as a result of eye movement with mildly decentered ablations.'**

The safety and efficacy outcomes reported in this study were consistent with previous reports for ray tracing—guided LASIK.
A retrospective study that assessed 1-year clinical outcomes in 47 eyes after LASIK treatment demonstrated safety and efficacy
of the ray-tracing algorithm. All eyes in the ray-tracing group had >20/20 vision, and 91% achieved CDVA >20/16 at 12 months.
Mean CDVA and UDVA were 0.11 and 0.05 logMAR, respectively. At 6 months, 73% of eyes gained >1 line, 2% lost 1 line, and
no eyes lost >1 line of CDVA. At 12 months, 48% of eyes gained >1 line and no eyes lost >1 line of CDVA."*

Another retrospective study that assessed ray tracing—guided LASIK in 400 myopic eyes at a single site in Australia reported
a postoperative UDVA of >20/20 in all eyes, >20/16 in 89% of eyes, and >20/12.5 in 51% of eyes at 3 months. Mean UDVA was
—0.14 logMAR, 39% of eyes gained >1 line of UDVA versus preoperative CDVA, and 48% gained >1 line of CDVA versus
preoperative CDVA. No eyes lost >2 lines of CDVA.'® There were non-significant increases in total higher-order aberrations
(right eye, 0.064; left eye, 0.066) and a statistically significant decline in spherical aberration (right eye, —0.047; left eye, —0.051),
similar to the trend in the current report.'® Participants in the earlier study required a lower range of correction compared with the
current report (preoperative myopia <-8.25 D versus <-9.50 D).'® Furthermore, an increase in total high-order aberrations was
also reported in a recent study that assessed ray tracing—guided LASIK, with postoperative ocular higher-order aberrations
significantly increasing at 3 months versus preoperative (0.209 to 0.330 pm; P<0.001).'
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Effectiveness and safety data for ray tracing—guided LASIK suggest that it is a suitable alternative to other custom
ablation methods, such as topography-guided LASIK. A study that used a topography-guided LASIK procedure
(Contoura Vision; Alcon Vision LLC) in 249 eyes reported that refractive stability was achieved at 3 months. UDVA
of >20/20 was achieved in 93% (229/247) of eyes at 3 months and 93% (213/230) at 12 months. UDVA of >20/16 was
achieved in 69% of eyes at 3 months and 65% at 12 months. Furthermore, 26% (63/244) and 31% (71/230) of eyes
gained >1 line of UDVA at 6 and 12 months, respectively, compared with preoperative CDVA. At 12 months, a UDVA
loss of 1 and >2 lines were reported in 7.8% and 1.7% of eyes, respectively.'” A recent study reported that significantly
better postoperative UDVA and spherical aberration were achieved in eyes after ray tracing—guided (n=42) compared
with topography-guided (n=42) LASIK (P<0.05 for both).?* Spherical aberration was significantly different for the two
groups at 3 months after the procedure (P<0.05); there was a substantial decrease in spherical aberration for the ray
tracing—guided LASIK method (P<0.05) but no significant change in spherical aberration for topography-guided
LASIK.* In another comparison of 2 LASIK methods (34 eyes in each group), ray tracing—guided LASIK was also
reported to achieve significantly better UDVA compared with Q value—adjusted ablation (P<0.05); however, MRSE and
refractive astigmatism were better in the Q value—adjusted group (P<0.05).%

One advantage of ray tracing—based technology over topography-guided procedures is that refractive error can be
measured using the InnovEyes Sightmap. Although this standardizes an important variable for outcomes, it may introduce
a source of error if the patient is accommodating. The current recommendation is to consider the Sightmap refraction valid
if it is within £0.50 D of the manifest refraction. Future clinical use of this system should improve outcomes because
treatments are adjusted and the effect of accommodation is further controlled. The application of treatment adjustments and
optimizations can lead to improved outcomes, as evident in the real-world data reported by He and Bala.'®

Limitations of this study include the single-arm, open-label design, which may introduce bias. Additionally, the study
did not enroll patients in the highest myopia range of —10.00 to —11.00 D, limiting the confirmation of the advantages of
ray tracing—guided LASIK in this population. Additional studies will need to evaluate the potential disadvantages of ray
tracing—based LASIK, such as overcorrection,'® and compare the economic burden of ray tracing—based LASIK with
conventional LASIK methods.

Conclusion

Ray tracing—guided LASIK treatment using personalized eye models was safe and effective for correcting myopia,
providing good predictability and visual outcomes as well as high satisfaction in patients with or without astigmatism.
The data from this study can be used for updating the treatment algorithm and training of surgeons, therefore contributing

to the optimization of surgical treatment outcomes.

Abbreviations

CDVA, corrected distance visual acuity; D, diopters; LASIK, laser-assisted in situ keratomileusis; logMAR, logarithm of
the minimum angle of resolution; MRSE, manifest refraction spherical equivalent; OSDI, ocular surface disease index;
PROWL, Patient-Reported Outcomes With LASIK; RMSh, root mean square height; SAE, serious adverse event; SE,
spherical equivalent; UDVA, uncorrected distance visual acuity; VA, visual acuity.
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