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Outcomes up to two years after Excimer-Laser-Multiple-Light-
Redirection (Excimer-MLR) corneal treatment for retinal
disorders with central visual loss
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OBJECTIVES: This study evaluated outcomes in eyes with retinal disorders with moderate to profound vision impairment after
Excimer-Laser-Multiple-Light-Redirection (Excimer-MLR), a non-central, superficial and multifocal corneal photoablation for novel
refractive neuroadaptive vision restoration.

METHODS: Retrospective analysis of seven consecutively treated phakic and pseudophakic eyes followed for 18-24 months after
unilateral Excimer-MLR.

RESULTS: Control untreated fellow eyes: No significant change in median best-corrected distance visual acuity (BCDVA) or contrast
sensitivity (CS).Treated eyes: Excimer-MLR temporarily modified corneal radii of curvature, defocused light at the PRL, decreased
relative refractive error at multiple non-PRL retinal areas and shifted fixation. Median BCDVA improved significantly (p = 0.018) from
baseline at all measured times between 3- and 24-months, with >15 ETDRS-letter-gain in 86% at 18-24 months. Preoperative mean
and median BCDVA were 20/225 (range 20/100-20/604) and 0.98 logMAR, respectively. Mean BCDVA was 20/58, 20/68, 20/64, 20/
60, mean (£SD) ETDRS-letter-gain was 28.9 (+10.6), 25.5 (£13.7), 26.8 (+14.9), 28.4 (£14.1) and median BCDVA was 0.40, 0.38, 0.48,
0.40 at 3, 6, 10-12, and 18-24 months, respectively. Median CS significantly improved from baseline. All treated eyes had
preoperative-central scotomas that rapidly disappeared or became smaller and peripheral. Amsler grids were normal in 6/7 eyes at
>18 months. Mean (£SD) retinal sensitivity average thresholds (RS) increased by 1.53 dB (+1.16) at 6 months. There were no
changes in distance- or near-glasses and no Excimer-MLR-related adverse events.

CONCLUSION: Excimer-MLR, a rapid corneal procedure beneficially synergistic with retinal therapies, safely produced, without
customisation, magnification or visual training, significant multiyear-visual improvements and increased retinal sensitivity in eyes
with macular degeneration or surgically treated macular holes.

Eye Open; https://doi.org/10.1038/s44440-025-00010-8

INTRODUCTION

Central visual loss from macular disorders remains a huge unmet
need. Multiple-light-redirection (MLR) therapy was proposed by
Serdarevic [1] to harness the visual system’s complex light capture,
processing and integration capabilities for vision restoration by
redirecting light away from a dysfunctional preferred retinal locus
of fixation (PRL) to multiple non-PRL retinal areas within and
outside of the fovea. Redirection of enough light away from the
small PRL (located either within or outside foveal regions in eyes
with central visual loss) to multiple non-PRL areas disrupts the
habitually used and overweighted PRL pathway. The resulting
unconscious natural increase in visual search, sampling and
photoreceptor stimulation of non-PRL areas promotes ongoing
spontaneous recruitment of still-functioning photoreceptors and
visual pathways in multiple non-PRL areas. The capability of
fixational eye movements and the brain to integrate fragmentary
input from multiple retinal areas is well-established. Natural
integration of additional and better visual signals about previously
missing visual information allows the brain to receive enough

fragments of objects in the field of view from multiple retinal areas
simultaneously to invoke memory representations for sharper,
more complete and more accurate perception [2] with ongoing
beneficial neuroadaptation [3-5] and visual improvement.
Multiple-light-redirection can improve visual function without
any intraocular surgery, pre-treatment localisation or customisa-
tion or post-treatment magnification or patient training [6].
Excimer-Laser-Multiple-Light-Redirection (Excimer-MLR) is a cor-
neal laser treatment for macular disorders with moderate to
profound vision impairment. Excimer-MLR ablates very small,
shallow, non-central and multifocal corneal portions to tempora-
rily modify anterior radii of curvature (ROC). Customisation is not
required regardless of varying preoperative corneal topography,
ROC, refractive error and pupil size in different eyes. Although
postoperative widespread ROC modifications vary in eyes with
different topographies, Excimer-MLR changes defocus at the PRL
and increases relative focusing at multiple retinal areas peripheral
to the PRL in all eyes. Moreover, the ROC modifications are
temporary, because natural corneal hyperplasia and stromal
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remodelling fill in Excimer MLR’s very small and shallow ablations.
The ROC modifications last just long enough to cause redirection
of light in all directions away from the PRL to multiple non-PRL
retinal areas to facilitate rewiring and reorganisation of the visual
system without any permanent corneal topographic or refractive
changes [1, 6]. Therefore, Excimer-MLR's desired and achieved
temporary corneal effects are unlike excimer laser vision correc-
tion of refractive errors in normal eyes.

Large visual improvements in pseudophakic worse-seeing eyes
with non-exudative age-related macular degeneration (AMD) with
geographic atrophy (GA) were reported [6] after a single Excimer-
MLR comprising focal photoablation of a very small portion of
Bowman's Layer in each corneal quadrant. Therapeutic corneal
photoablation (PTK) is a well-established procedure since its
introduction [7] in 1985, and photoablation of Bowman's Layer has
been widely and safely performed for decades. Topographic,
raytracing and microperimetric analyses demonstrated that
Excimer-MLR performed without any modification of commercially
available excimer lasers and software temporarily modified
corneal ROC, increased defocus at the PRL, redirected environ-
mental light away from PRL pathways and simultaneously reduced
relative refractive error at multiple non-PRL areas in all quadrants
[6]. A single Excimer-MLR procedure produced letter-gains of 30
and 59 within 12 days and 25 and 61 at 9 months in operated eyes
of two patients, with improved Amsler grids, no distance- or near-
glasses-change, no surgical complications and no MLR-related
adverse events [6].

The purpose of the present study was to evaluate multiple
functional outcomes in treated and control untreated fellow eyes
at multiple time periods up to 24 months after Excimer-MLR in
another larger series of consecutively treated phakic and
pseudophakic eyes with various macular disorders and moderate
to profound vision impairment.

METHODS

This was a retrospective, consecutive case series of a cohort of patients
with macular disorders and central visual loss treated unilaterally (with the
fellow untreated eye serving as a control) with Excimer-MLR performed by
one surgeon and followed for 18-24 months. The study was conducted
with approval of the University of Illinois College of Medicine Investiga-
tional Review Board and adhered to the Declaration of Helsinki. Informed
consent was obtained from all patients.

Pre-existing medical records of the patients were reviewed for patient
demographics, clinical features from ophthalmic exams, treatments and
treatment outcomes. Reviewed patient characteristics included retinal
diagnoses, retinal medical and surgical treatments prior to MLR, age and
sex. Clinical features analysed included best-corrected distance and near
visual acuities (BCDVA, BCNVA) measured with the examiner masked as to
the treated eye and blinded to prior measurements using the Early
Treatment Diabetic Retinopathy Study (ETDRS) charts from at least
3 months prior to MLR treatment, within 1 day prior to treatment, within
12 days after treatment and at 3 months, 6 months, 10-12 months and
18-24 months after MLR. Gonzalez Markowitz (GM) Potential Visual Acuity
(PVA) multiple E-optotype-reversed-polarity- test charts (Precision Vision,
Woodstock, IL) had been used prior to the Excimer-MLR procedure to
predict the potential optimal visual acuity obtainable by integrating
multiple retinal areas, including areas peripheral to the PRL, in candidate
eyes. Screening with GM PVA testing had been done to recommend and
perform unilateral Excimer-MLR only in eyes with PVA results showing
improved visual acuity compared to ETDRS-measured BCDVA, which is a
measurement of visual acuity only at the PRL. The screening PVA of each
treated eye was compared to actual ETDRS-measured BCDVA achieved
from a few days up to 12 months postoperatively to analyse the usefulness
of PVA as a screening test for Excimer-MLR. Additional clinical data
analysed included contrast sensitivity (CS) measured (right eye measured
first by examiner masked as to eye treated and blinded to results of
previous measurements) by Pelli-Robson charts at 1 week-3 months,
6-12 months and 18-24 months after MLR. Other clinical data analysed
before and after Excimer-MLR included fundus exams, subjective manifest
refractions, central visual fields on Amsler Grids, Random Dot stereopsis,
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anterior corneal radii of curvature maps, corneal z-elevation maps and
retinal spot diagrams of retinal ray tracings measured by the iTrace
analyser (Tracey Technologies, Houston, TX) and optical coherence
tomography (OCT) (Carl Zeiss Meditec, Jena, Germany). Mesopic micro-
perimetry exams performed with the Macular Integrity Assessment (MAIA)
microperimeter, software version 1.7.0, (Centervue, Fremont, CA) were
analysed for PRL locations and retinal sensitivities. The MAIA microperi-
meter measured threshold retinal sensitivity as the minimum light
intensity perceived by the eye when white light emitting diode spots
stimulated an area of the retina. The average threshold retinal sensitivity
measured using the standard 4.2 strategy was the average of minimum
light intensities perceived at 37 points of the retina within the 10° diameter
area centred on the PRL, with the decibel value range calculated among
the minimum and the maximum intensity level of the projected stimuli.
The stimuli size was Goldmann I, the background luminance was 4
apostilb (asb) and the maximum luminance was 1000 asb, with a 36
decibels (dB) dynamic range. The decibel value range was calculated
among the minimum and the maximum intensity level of the projected
stimuli.

The unilateral Excimer-MLR procedure, which has been fully described
previously [6], was performed by an experienced LASIK/PRK surgeon (EQY)
in the worse-seeing eye of all patients. The rapid procedure [6] used
standard Star S4 excimer laser myopic LASIK software 5.32 (Johnson and
Johnson Vision, Santa Ana, CA) to produce shallow gradated ablations up
to about 20um deep of only four ~1.5-mm-wide paracentral areas spaced
45 degrees apart after mechanical removal of the overlying epithelium.
The photoablation pattern was chosen [6] to modify corneal ROC to
redirect environmental light impinging on the retina and change focusing
at the PRL and numerous retinal locations peripheral to the PRL in all
quadrants. The locations and depths of ablation were chosen to remove,
without any photoablation over the central optical zone, the smallest
portions of Bowman'’s Layer, the most rigid part of the cornea, to most
effectively and safely achieve widespread ROC modifications within and
outside of the ablated area to facilitate natural visual neuroadaptation. The
gradated ablations were located at 1:30, 4:30, 7:30 and 10:30 clock hours of
the cornea and were centred at 3 mm from the eye’s PRL, which had been
located by having the patient look at the laser’s fixation light while the
surgeon centred on the Purkinje images.

Statistical analyses were performed using Intellectus Statistics (2019,
Intellectus Statistics, Online computer software). Statistical significance of
paired outcomes of pre- and post-logMAR BCDVA, -logMAR BCNVA and
-log CS were assessed by two-tailed Wilcoxon signed rank tests, which
compared the median of two paired groups. A p-value less than 0.05 was
considered statistically significant.

RESULTS

Seven patients (4 men, 3 women) who had been consecutively
treated with unilateral Excimer-MLR satisfied the inclusion criteria.
The mean patient age was 77 years (£11.5). Retinal pathologies
confirmed by fundus examination and OCT and causing moderate
to profound vision impairment included non-neovascular AMD
with GA (three eyes), neovascular AMD with GA but without
persistent intraretinal or subretinal fluid (two eyes), and surgically
repaired-macular holes (surgery two years prior to Excimer-MLR in
one eye and five years prior to Excimer-MLR in another eye with
myopic macular degeneration) (see Table 1). None of the Excimer-
MLR-treated eyes received any other retinal medical or surgical
treatments from at least 6 months prior to Excimer-MLR through
the entire post-operative follow-up period. All treated eyes had
stable refractions and visual acuities for at least 3 months prihor to
Excimer-MLR.

Table 1 lists patient characteristics, including age, sex, retinal
macular pathologies, prior retinal medical and surgical treatments,
lens status, screening test GM PVA and pre-operative MRSE,
BCDVA, BCNVA and CS. Table 1 also lists Excimer-MLR outcomes,
including postoperative BCDVA, BCNVA and CS of treated eyes
with p-values.

Refractive multiple-light-redirection from the PRL

Excimer-MLR created four very small, shallow and paracentral
depressions of the anterior corneal surface overlying the
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photoablated portions of Bowman's Layer (Fig. 1A) and modified
ROC in all corneal quadrants (Fig. 1B). Retinal spot diagrams
showing on-axis ray tracings confirmed that Excimer-MLR caused
light in the field of view to be directed away from the PRL (Fig. 1C)
with temporary defocusing at the PRL. After Excimer-MLR, rapid
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natural corneal epithelial migration and hyperplasia, together with
subsequent stromal remodelling, filled in the depressions leading
to progressive reversion to preoperative corneal topography and
optical aberrations with ongoing multiyear visual improvement
(Fig. 1A-C).
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Fig. 1 Corneal topography, retinal ray-tracing and microperimetry. A iTrace analyser maps of differences in corneal anterior elevation: pre-
MLR vs 5 days after Excimer-MLR (left) in eye 60D showing remaining four paracentral depressions in ablated regions centred at 1:30, 4:30,
7:30 and 10:30 clock hours; pre-MLR vs 6 months after MLR (right) demonstrating progressive reversion to preoperative corneal topographic
elevation; B iTrace analyser maps of differences of local anterior corneal radii of curvature (ROC): pre-MLR vs 5 days after MLR (left) in eye 60D
showing ROC changes in all four corneal quadrants; pre-MLR vs Tmonth after MLR (right) demonstrating progressive reversion to preoperative
corneal topographic ROC; C retinal ray-tracings centred on the PRL using the iTrace analyser before MLR (left) in eye 60D, at 5 days after MLR
(middle) demonstrating that environmental light within the field of view was directed away from the PRL by MLR and at 1 year after MLR
(right) showing return to pre-MLR defocus and other optical aberration levels with ongoing visual improvement. Total lower order aberrations
and defocus were 0.544 y and 0.376 y, 0.787 p and 0.675 , and 0.541 y and 0.407 p preoperatively, at 5 days postoperatively and at 1 year
postoperatively, respectively; D MAIA microperimetry before and after Excimer-MLR of eyes 60D (left top and bottom) with a macular hole
surgically two years prior to MLR, 40S (middle top and bottom) left) with a macular hole surgically repaired five years prior to MLR with
residual atrophy and myopic macular degeneration and eye 70S (right top and bottom) with non-exudative AMD and geographic atrophy
demonstrating shifting by the visual system (without any patient visual training) of the locations of fixation points (blue smallest dots)
inferotemporally in eye 60D, superiorly, superotemporally and superonasally in eye 40S and superiorly, superotemporally and inferiorly in eye
70S and the locations of the PRL (blue larger dot, which is the centroid of fixation points);

A B C D

Pre-MLR BCDVA 20/604

6M after MLR BCDVA 20/240

12M after MLR BCDVA 20/152 18M after MLR BCDVA 20/160

o
A=,
,. s < > 70 - s

—-

Fig.2 MAIA microperimetry 0% fixation loss exam, best-corrected distance visual acuity (BCDVA) and Amsler grid at each time period of
eye 20S. A Before MLR, MAIA showing the retinal sensitivity map, <0dB sensitivity at all points on the 10° grid, 100% reduced thresholds and
average threshold of 0dB, and the Amsler grid demonstrating a large positive scotoma (lower right); B At 6 months after treatment, MAIA
showing the retinal sensitivity map, all sensitivities on the 10° grid, 100% reduced thresholds and average threshold of 0.1dB, and the normal
Amsler grid (lower right); C At 12 months after treatment, MAIA showing the retinal sensitivity map, all sensitivities on the 10° grid, 100%
reduced thresholds and average threshold of 1.6dB, and the normal Amsler grid (lower right); D At 18 months after treatment, MAIA showing
the retinal sensitivity map, all sensitivities on the 10° grid, 97.3% reduced thresholds and average threshold of 10.0dB, and the normal Amsler

grid (lower right).

Microperimetry PRL locations and retinal sensitivity

Excimer-MLR's effect of directing light away from the PRL caused
the locations of fixation points on microperimetry to sponta-
neously shift (Figs. 1D and 2) in all treated eyes. The angle
direction and amount of shifting of the PRL on the first
postoperative microperimetry exam were different in all seven
eyes; the amount ranged between 0.2° (about 0.06 mm) and 3.3°
(about 1 mm), with a mean(+SD) of 1.186°(+0.96°). The eyes with
smaller areas of retinal pathology around the pre-MLR PRL, such as
the two eyes with repaired macular holes, displayed smaller shifts
(0.2° and 0.8°) than eyes with AMD with more extensive pathology
around the pre-MLR PRL (1.6° and 3.3°). Microperimetry was a
worse indicator of the potential for visual improvement after
Excimer-MLR than GM PVA testing. For example, during pre-
operative measurement of retinal sensitivity within the 10°
surrounding the PRL (Fig. 2), eye 20S did not respond at any of
the 37 measured retinal points to the brightest stimulus produced
by the MAIA microperimeter and projected onto the retina.
Despite preoperative microperimetry suggesting no visual poten-
tial (<0 dB sensitivity) within the 10° surrounding the PRL in eye
20S (Fig. 2), PVA testing predicted BCDVA-improvement from 20/
604 to 20/200 and actual achieved postoperative BVCVA was 20/
240, 20/152 and 20/160 at 6, 12 and 18 months after Excimer-MLR.
Retinal sensitivity average thresholds (RS) increased by 10 dB by
18 months after Excimer-MLR in eye 20S, despite demonstrating
the smallest increase, 0.1 dB, of all treated eyes at 6 months. The
range of RS-increases was 0.1 dB to 3.1 dB and the mean(+SD) was
1.53dB (+1.16) at 6 months, at which time, apart from eye 20S,
retinal sensitivity increased less in eyes with macular holes than in

Eye Open

eyes with AMD with GA. Microperimetry was performed con-
tinuously though 18 months only in eye 20S.

Amsler grid testing

All eyes had large positive central scotomas on pre-operative
Amsler grid testing (Fig. 3). Within 30 min to 12 days after MLR,
50% of eyes developed normal Amsler grids and, in the remainder,
the scotomas became much smaller and moved peripherally. At
6 months and 18 months after MLR, 5 of 7 eyes (71.4%) and 6 of 7
eyes (85.7%), respectively, had normal Amsler grids with no
scotomas.

Visual acuity and contrast sensitivity

Treated eyes. Visual acuity and contrast sensitivity results with
statistically significant p-values of treated eyes are listed in Table 1.
Postoperative BCDVA and BCNVA were achieved with no post-
operative change in refractive correction for any patient.

Before Excimer-MLR, mean BCDVA was 20/224 (range 20/
100-20/604) in treated eyes. After Excimer-MLR, all patients
preferred to gaze directly at ETDRS charts during visual acuity
testing, including patients who needed to gaze eccentrically
before treatment. Mean BCDVA of treated eyes was 20/96, 20/58,
20/68. 20/65 and 20/60 at 1-12 days, 3 months, 6 months,
10-12 months and 18-24 months after treatment, respectively.
Mean (+SD) ETDRS-letter-gains were 18.9 (+10.7), 28.9 (£10.6), 25.5
(£13.7), 26.8 (£14.9) and 284 (+14.1), at 1-12 days, 3 months,
6 months, 10-12 months and 18-24 months, respectively. All
treated eyes demonstrated gains =5 letters and 86% of treated
eyes demonstrated gains =15 letters in BCDVA at 18-24 months.
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10-12 Months > 18 Months

6 Months

3 Months

<12 Days
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Fig. 3 Amsler grid. Amsler grids of all seven patients before treatment and at 1-12 days, 3 months, 6 months, 10-12 months and

18-24 months after a single treatment except for eye 70S that had repeat Excimer-MLR at 13 months.
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No treated eyes lost any letters from baseline at any time during
follow-up. BCDVA better than or equal to the screening GM PVA
was achieved in 43% of treated eyes within 1-12 days, 86% within
3 months and 100% within 12 months (actual achieved BCDVA
range 20/25-20/152 at 10-12 months). Median logMAR BCDVA of
treated eyes was 0.98 before MLR and 0.43, 0.40, 0.38, 0.48 and
0.40 at 1-12 days, 3, 6, 10-12 and 18-24 months postoperatively,
respectively. Median logMAR BCDVA of treated eyes increased
significantly (p =0.018 at 3-24 months, p =0.043 at 1-12 days)
compared to baseline at all post-op exams.

Mean preoperative BCNVA was 20/148 in treated eyes. Mean
BCNVA was 20/78, 20/43, 20/56, 20/54 and 20/55 at 1-12 days,
3 months, 6 months, 10-12 months and 18-24 months after
treatment, respectively. Median logMAR BCNVA of treated eyes was
0.78 before MLR and 0.50, 0.30, 0.38, 0.46 and 0.40 at 1-12 days, 3, 6,
10-12 and 18-24 months postoperatively, respectively. Median
logMAR BCNVA of treated eyes increased significantly (p =0.018 at
3-12 months, p =0.028 at 18-24 months, p =0.043 at 1-12 days)
compared to baseline at all post-op exams.

All treated eyes achieved gains =0.15 logCS after Excimer-MLR,
with 71% (5/7) demonstrating gains =0.30 logCS at 18-24 months.
Mean logCS in treated eyes was 0.71 preoperatively, and 1.22, 1.20
and 1.18 at 1 week-3 months, 6-12 months and 18-24 months
post-operatively, respectively. Median logCS in treated eyes was
0.90 preoperatively, and 1.20, 1.05 and 1.20 at 1 week-3 months,
6-12 months and 18-24 months post-operatively, respectively.
Median Pelli-Robson log CS significantly improved from baseline in
treated eyes after Excimer-MLR during all follow up-time periods.

Untreated fellow control eyes. Median logMAR BCDVA of control
untreated fellow eyes did not change significantly (p=0.225 to
p=0917) compared to baseline at any time. Median logMAR
BCDVA of control untreated eyes was 0.38 before treatment of the
contralateral eye and 0.40, 0.18, 0.20, 0.40 and 0.38 at 1-12 days, 3,
6, 10-12 and 18-24 months. Mean(+SD) ETDRS-letter-changes in
control untreated fellow eyes were 0.7 (£3.9), 6.9 (+9.9), 5.1 (£12.7),
0 (£8.6) and 09 (+11.7), at 1-12 days, 3 months, 6 months,
10-12 months and 18-24 months, respectively. At 1-12 days after
MLR, three control untreated fellow eyes had no change from
baseline, three had a loss of 1 or 2 letters, and one untreated eye
with AMD and GA had a gain of 10 letters. The gain in that
untreated eye 10S increased to 16 and 19 letters at 3 and
6 months, respectively, with microperimetry showing that Excimer-
MLR shifted the locations of fixation points in treated eye 10D and
caused a corresponding oculomotor fixation response in the fellow
untreated eye. Control untreated fellow eye 50D with neovascular
AMD and GA also had a letter gain by 3 months after
corresponding bilateral PRL relocation. In both control fellow eyes
in which visual acuities improved, the treated eye preoperatively
had BCDVA only a little worse than that of the untreated eye and
became the better-seeing eye controlling binocular viewing
fixation between several days to 3 months postoperatively. Control
untreated fellow eyes of the other patients with AMD lost >2
letters from baseline from 6 to 24 months. The maximum loss from
disease progression in the control untreated better-seeing fellow
eyes was 16 letters at 24 months. Median logMAR BCNVA and
median logCS of control untreated fellow eyes did not change
significantly compared to baseline at any time.

Stereopsis. Stereopsis was measured before and after Excimer-
MLR only in the patient with poor vision in eye 60D at two years
after macular hole surgery. Stereopsis was 160 sec-arc before
Excimer-MLR and improved to 32 sec-arc at 3 and 6 months and
50 sec-arc at 12 and 30 months after Excimer-MLR.

Safety. There was no Excimer-MLR-related pain, glare, halos,

diplopia, decreased vision or other adverse event or surgical
complication.
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One patient with progressive GA (eye 70S) requested a repeat
Excimer-MLR at 13 months after Excimer-MLR because of a new
negative scotoma. At one day after repeat Excimer-MLR, the
Amsler grid returned to normal with disappearance of the
negative scotoma.

DISCUSSION

Excimer-MLR produced statistically significant improvements in
BCDVA, BCNVA and CS from a few days through 18-24 months,
with functionally meaningful disappearance of scotomas and
gains =15 letters maintained in 86% of treated eyes at
18-24 months. This study confirmed the shorter-term results
achieved in our previous smaller case series of patients with AMD
with GA [6] and demonstrated efficacy for additional macular
disorders. Our results also were consistent with results achieved in
single and multicentre studies in adequately screened eyes after
unilateral or bilateral modification of corneal ROC by a non-
commercially available custom corneal photovitrification (non-
ablative) laser [8-10]. The multicentre custom laser study [9]
reported letter-gains for mean binocular BCNVA/BCDVA of 22/15,
25/19, 25/18 at 1, 6, and 12 months, respectively, and improved
quality of life (NEI VFQ-25) after bilateral treatment for dry and wet
AMD. In the single centre custom laser study [10], dry AMD eyes
with screening-PVA improvement =15 letters relative to pre-
operative BCDVA achieved mean(x SD) letter gains of 21.0 (£12.1)
and 15.2 (£13.6) letters at 1 and 3 months, respectively.

Median BCDVA, BCNVA and CS did not significantly change
compared to baseline in untreated control fellow eyes at any time
in this study. Although some small losses in untreated fellow eyes
could be attributed to testing variability [11], the maximum 16-
letter loss in an untreated eye at 24 months was consistent with
previous studies of the natural course of bilateral dry AMD with GA
showing a mean loss of 124 letters by 24 months [12].
Interestingly, this study revealed that vision of untreated slightly
better-seeing fellow eyes can improve after unilateral Excimer-
MLR if postoperative visual gain in the treated eye causes the
untreated eye to become the worse-seeing eye. In eyes with AMD,
the better-seeing eye has been reported to drive oculomotor
fixational control when viewing binocularly [13].

As it is obvious that not all eyes with macular disorders and
moderate to profound visual impairment could benefit from
Excimer-MLR, it was very encouraging that the potential for
postoperative visual improvement was predicted by rapid and
easy screening with inexpensive handheld GM PVA charts that
provided estimation of visual acuity obtainable by integrating
multiple retinal areas, including areas peripheral to the PRL. All
treated eyes in this study achieved BCDVA better than or equal to
PVA within 12 months. Multiple E-optotype-PVA acuity testing was
previously described [14] as a measure of the optimal visual acuity
of which an eye with AMD [14] is capable and a useful tool for
assessing visual rehabilitation. That study [14] showed that visual
acuity measured with multiple optotypes did not improve in
normal eyes compared to single optotype- or ETDRS-testing, but
there was marked improvement in some eyes with AMD. Pinhole
and potential acuity meter tests, which test visual acuity at the PRL
independently of refractive errors, cannot measure potential non-
PRL visual acuity. This study showed that microperimetry, which is
expensive and very laborious for both patients and examiners, was
less useful than GM PVA testing for screening eyes preoperatively
for potential visual gain after Excimer-MLR.

Remarkable survival of cone photoreceptors with highly
variable density even in regions of atrophy has been documented
using adaptive optics [15]. Excimer-MLR harnessed functional
photoreceptors in multiple areas. Excimer-MLR enabled the visual
system to spontaneously shift fixational movements to multiple
retinal areas with healthier cells, which, for pathologies like
macular holes, produced smaller shifts compared with pathologies
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like very extensive macular degeneration, which produced larger
shifts. By changing corneal ROC in all quadrants, Excimer-MLR
appeared to allow the visual system to spontaneously minimise
shifts to the closest areas with functional photoreceptors.

Visual rehabilitation therapies with prisms [16] or biofeedback
fixation training [17, 18] to relocate and confine fixation to a single
and very small microperimetry-chosen retinal location without any
defocusing at the PRL have shown variable efficacy, require
ongoing reinforcement [16-18]. and may inhibit neuronal reorga-
nisation processes [4]. Intraocular lenses providing magnification
[19] of a small area including the PRL require intraocular surgery,
make inadequate use of healthier peripheral retina or binocularity,
preclude bilateral wide field-views for safe mobility and often
require lengthy visual training for adaptation to abnormal
monocular viewing. Our study demonstrated that Excimer-MLR
could produce large improvements in vision and binocularity for at
least 18-24 months after a single treatment by disrupting the
defective PRL pathway and facilitating natural search, attention
and integration of better visual information from multiple retinal
areas. Near-peripheral retinal areas are known to have varying
refractive errors relative to the refractive error at the PRL in phakic
and pseudophakic eyes [20]. Excimer-MLR’s increased relative
focusing of visual input at multiple retinal areas up to several
degrees around the preoperative PRL [6] further facilitated
spontaneous attention to non-PRL areas and integration of signals
providing improved perception. Visual psychophysical studies [21]
showed that the brain, using a remapping system with fine spatial
selectivity for object identification, unconsciously integrates even
object features that are not in proximity on the retina because of
eye movements. Corneal modifications after Excimer-MLR in our
study caused light impinging on the retina to be separated into
different foci with immediate and ongoing natural neuroadapta-
tion. Increased gamma-aminobutyric acid (GABA) and GABAergic
inhibition in the lingual gyrus, such as following implantation of
multifocal intraocular lenses [5], may have been factors contribut-
ing to neuroadaptation after Excimer-MLR. Neuroimaging studies
suggested that GABA suppresses irrelevant sensory information
and increases specificity of neural representations in the visual
cortex for improved cognition [22]. Increased GABA has been
shown to enhance perceptual performance by changing the gain
of the neural response and reducing variability and the effective
noise in the visual system [23].

Our study demonstrated that Excimer-MLR further improves
multiple parameters of visual function after treatment with current
retinal therapies for macular disorders. Anatomical success of
macular hole surgery is very high, but functional success with
logMAR BCDVA improvement =0.3 is only about 43% for large
holes [24]. Excimer-MLR beneficially added to the success of
macular hole surgery by producing additional logMAR BCDVA
improvements of 1.20 and 0.52, with improved contrast sensitivity,
central fields and retinal sensitivity, in the two eyes that had
undergone surgical repair two and five years earlier, respectively.
Anti-vascular endothelial growth factor (anti-VEGF) treatment of
neovascular AMD inhibits growth of neovascular lesions and
resolves exudation to improve and maintain vision, but, despite
resolution of retinal oedema, macular atrophy or subretinal
fibrosis causes poor residual acuity or a further decline in vision
in many eyes [25]. Excimer-MLR produced additional logMAR
BCDVA improvements (0.60 and 0.52 at 3 months; 0.64 and 0.42 at
18-24 months), with improved contrast sensitivity, central fields
and retinal sensitivity, in the two eyes with neovascular AMD and
GA without persistent intraretinal or subretinal fluid and without
any anti-VEGF treatment from at least 6 months prior to Excimer-
MLR through the entire post-operative follow-up period of our
study. Intravitreal complement inhibitor therapies (IVCl) success-
fully slow anatomical progression of geographic atrophy, but
treating physicians have highlighted that lack of visual benefits
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has limited their acceptance [26, 27]. Excimer-MLR produced
clinically meaningful improvements in visual function, with no
eyes losing BCDVA compared to baseline at 18-24 months, in all
five eyes with geographic atrophy, with or without concomitant
neovascular AMD. None of the eyes with GA in our study received
IVCl before Excimer-MLR. However, vision improvement from
Excimer-MLR performed before or after IVCl has the potential to
improve acceptance and compliance with IVCl. Excimer-MLR
performed two days apart in each eye at about one week after
bilateral IVCl in a patient with GA and very poor vision (BCDVA OU:
20/800; logMAR 1.60) gained 35 and 30 ETDRS letters with
disappearance of central negative scotomas at 4 and 6 days after
Excimer- MLR in the first- and second-treated eyes, respectively
(unpublished data, Serdarevic and Yavitz).

Despite the limitations of a retrospective single centre study
design with a small number of treated eyes, the strengths of our
study were large statistically significant gains for multiple
functional endpoints in consecutively treated eyes measured with
masking and blinding at multiple times up to 18-24 months, with
the fellow eye serving as a control and no eyes lost to follow-up.
Moreover, the amount of improvement was much larger than
could be attributed to testing variability [11] or repeat test
learning. Additionally, our study demonstrated that Excimer-MLR
could be successfully repeated in a patient with progressive foveal
GA. Prospective multicentre clinical trials of bilateral Excimer-MLR
treatments, studies with longer than 2 year-follow up, studies over
a longer time period of multiple repeat Excimer-MLR procedures
in eyes with very progressive retinal macular disease and further
studies of retinal sensitivity and immediate and ongoing
neuroadaptation after Excimer-MLR would address other limita-
tions of our study and add to the understanding of the benefits of
Excimer-MLR for central visual loss from retinal disorders.

In summary, Excimer-MLR produced large improvements in
visual acuity and contrast sensitivity, which were statistically
significant within days, improved over months and lasted through
the 18-24 month-exams, together with improved central fields
and increased retinal sensitivity after a single, rapid, noncentral,
superficial and multifocal corneal laser treatment, except in one
patient who desired a second treatment at 13 months. Visual
improvement after Excimer-MLR was predicted by preoperative
screening-GM PVA tests. Very importantly, Excimer-MLR's safety
profile was excellent with no treatment complications or Excimer-
MLR-related adverse effects. It also was safely and effectively
repeatable for progressive GA. In eyes with macular disorders and
moderate to profound vision impairment, Excimer-MLR was
beneficially synergistic with prior retinal therapies, such as macular
hole surgery and anti-VEGF intravitreal injections. Excimer-MLR
could add to the clinical utility of and compliance with anti-
complement, anti-angiogenic and anti-inflammatory therapies, as
well as future neuroregenerative and genetic therapies for many
macular disorders.

SUMMARY

What was known before

® Excimer-Laser-Multiple-Light-Redirection (Excimer-MLR) is a
non-central, superficial and multifocal corneal photoablation
for novel refractive neuroadaptive vision restoration.

® Excimer-MLR temporarily modified corneal radii of curvature,
defocused light at the PRL, decreased relative refractive error
at multiple non-PRL retinal areas, shifted fixation and
produced large improvements in visual acuity and Amsler
grids followed up to 9 months in two eyes with age-related
macular degeneration with geographic atrophy.
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What this study adds

® Excimer-MLR increased retinal sensitivities and produced
statistically significant improvements in best-corrected dis-
tance and near visual acuities and contrast sensitivity from a
few days through 18-24 months with functionally meaningful
disappearance of scotomas and gains =15 ETDRS letters
maintained in 86% of treated eyes at 18-24 months and no
Excimer-MLR-related adverse events in seven consecutively
treated eyes with various macular disorders with moderate to
profound vision impairment.

DATA AVAILABILITY

The datasets generated during the current study are available from the correspond-
ing author on reasonable request. This manuscript includes unlabelled use of a
commercially available excimer laser.
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