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ABSTRACT

Purpose: To compare transepithelial (TE) photorefractiveastromal corneal cross-linking

(PiXL) and photorefractive keratectomy (PRK) in lowopia.
Setting: Monocentric studyconducted in France (Purpan Hospital, Toulouse)

Design: Prospective, intraindividual ethics committee-amedh comparative non-

randomized study.

Methods: Myopic patients with manifest refraction spherieglivalent (MRSE) of -1.00 to -
2.50 diopters (D), and cylindrical component planc0.75 D were included. Dominant eye
underwent PRK, and non-dominant eye TE-PiXL proceduth riboflavin (Paracgl Part 1

& 2, Avedro Inc., Waltham, MS, USA), 30 mW/émulsed UVA irradiation centered on
pupil (Mosai¢] System,Avedro Inc., Waltham, MS, USA) for 16 mesitand 40 seconds
and supplemental oxygen delivery mask. The prinmatgome measure was the change in
MRSE. Other outcome measures were uncorrected amécted distance visual acuity
(UDVA and CDVA), mean keratometry (Km), and enddidecell count (ECC) with a 6-

month follow-up. Adverse events were also assessed.

Results: Nineteen patients were included. At 6 months, me&&SE decreased by 0.72 +
0.42 D in TE-PiXL eyes and by 1.35 + 0.46 D in PByes P <.001). The mean change in
UDVA was -0.35 £ 0.21 LogMAR in TE-PiXL eyes and66 + 0.19 LogMAR in PRK eyes

(P <.001). No complications were reported. ECC and CDVAev&tatistically unchanged.

Conclusion: PRK provided better visual and refractive outcorties TE-PiXL. TE-PiXL
however demonstrated the potential refractive eftdccorneal cross-linking but with a

limited magnitude of myopic correction to this pin



INTRODUCTION

Corneal cross-linking (CXL), initially introducedybTheo Seiler et al in 2003, has
emerged as an efficient method for the treatmeritevéitoconus,a progressive disorder
characterized by thinning and steepening of theearthat leads to visual impairment. The
aim of CXL is to create covalent bonds between angioups either within the collagen
molecules or between proteoglycan core proteinscatidgen in order to rigidify the anterior
corneal stroma.In conventional CXL (C-CXL) described in the Dresdprotocof the
corneal stroma is soaked after epithelial removih & 0.1 % riboflavin solution before
exposure to a uniform beam of 365-nm ultravioleftAVA) radiation at 3 mW/crfor 30
minutes (5.4 J/cidose). Many authors studied the efficiency of CLG¥d showed halting
of keratoconus progression in 90% of casesThey also reported mean flattening of the
steepest corneal curvature of up to 2 dioptersd) a significant improvement of visual
acuity (> 1 line)*® Over the last few years, the C-CXL technique hasemgone various
attempts at improvement: trans-epithelial or efitine-on CXL (TE-CXL or epi-on CXL)
has gained attention as a potential means of inpggeatient comfort and safety profile by
leaving the barrier function of the epithelium kttaand avoiding complications such as
infectious keratitis or corneal healing disorde®ecently, studies have shown that
topography-guided CXL (TG-CXL) procedures, aimedspecifically stiffening the cone
area, decrease the maximal keratometry (Kmax) anptave the corrected distance visual

acuity (CDVA) significantly compared to C-CXI’

Nowadays, the refractive surgery techniques useadaection of low myopia are
photorefractive keratectomy (PRK), laser in situakemileusis (LASIK), or small incision
lenticule extraction (SMILE). However, PRK requiresrneal de-epithelialization prior to

excimer laser application. Similar to C-CXL, PRKvatves a higher risk of complications



due to epithelial debridement. Additionally, exciméser (PRK and LASIK) and
femtosecond laser (SMILE) refractive surgeries etteir therapeutic effects through tissue
ablation, resulting in weakening of the intrastrbroarneal matri¥ Thus, a procedure
preserving both the corneal epithelium and thensatotissue could be an interesting

improvement for low myopic patients.

The principle of localized corneal flattening thgbucustomized UVA irradiation
gave rise to a new refractive application of CXlanis-epithelial photorefractive intrastromal
CXL (TE-PiXL). It consists of a planned intrastronearneal remodeling by CXL in order to
reduce the central mean keratometry and induceapimygorrection. Hence, we conducted a
comparative study in a cohort of patients that mwdat TE-PiXL in one eye and PRK in
their other eye to assess the efficacy and safeffeePiXL to achieve a refractive correction

of low myopia on healthy non-ectatic eyes.

METHODS

Study design

This prospective comparative non-randomized monoicepilot cohort study, with
paired eye control, was conducted in the departrae@phthalmology, at Purpan Hospital,
in Toulouse, France. Approval was obtained from HEtieical Committee (ID-RCB2015-

A01526-43) and conducted in accordance with the Declaraifdrelsinki.

Patient population



Inclusion criteria were 18 years of age and ovéapls myopia with manifest
refraction spherical equivalent (MRSE) of -1.00-2060 D, cylindrical component plano to
0.75 D; and minimal pachymetry above 48®. Patients signed an informed consent form
prior to enrollment in the study. Patients with lacudiseases or previous ocular surgery,
trauma or corneal condition were excluded. All gats presented for myopic correction and
were eligible for corneal refractive surgery. Forineste keratoconus or keratoconus suspect
eyes were excluded. The non-dominant eye of eatienpaunderwent TE-PiXL. The
controlateral dominant eye underwent PRK in theesaession. Patients were informed of
the possible undercorrection after TE-PiXL, resigltin a certain degree of anisometropia,

well tolerated by most patients, but otherwise fidgsequiring further PRK surgery.

Surgical procedure

TE-PiXL and PRK were performed in one sessionhedame operating room.

TE-PiXL

After administration of topical anesthetics (tetime® and oxybuprocairfe (Théa,
Clermont-Ferrand, France)), a specially designegiger delivery mask (Avedro Inc
Waltham, MS, USA) was placed above the eye to eated. (Figure 1) This mask was
connected to an oxygen wall outlet with a flowmeterd bubble humidifier. A 0.25%
riboflavin solution with benzalkonium chloride irydroxypropyl methylcellulose (Parael
Part 1, Avedro Inc., Waltham, MS, USA) was appladan interval of one drop every 90
seconds for a total of three minutes. From the tfomninute, another solution of 0.22%
riboflavin (Paracél Part 2, Avedro Inc., Waltham, MS, USA) was appkeery 90 seconds
for a total of six minutes. The supply of oxygenswapened at a flow rate of 1.5 L/min two
minutes before the end of riboflavin soaking. Escelsoflavin was flushed from the eye with

balanced salt solution. The concentration of oxygethe mask was measured with a sensor



(Fibox 4 Oxygen Meter, PreSens Precsion Sensing lGriRegensburg, Germany). An
oxygen concentration of at least 95% was requbaditiate UVA irradiation.

A CE marked (EU1504407) UVA delivery device (MosaicSystem, Avedro Inc.,
Waltham, MS, USA) with integrated active pupil kawy technology was used (Figure 2).
The pupil centration was chosen since angle kappaown to be small in low myopia with
low astigmatism. The stroma was irradiated withraré diameter spot of 365 nm UVA at 30
mW/cnf for 16 minutes and 40 seconds, pulsed at one-deiotervals. The total dose was
15 J/cni. The UVA beam was centered on the pupil via theilgitacking system. At the end
of the procedure, the cornea was rinsed with balsalt solution.

All eyes underwent the same protocol, independeotiyhe preoperative myopic
error. This protocol was based on theoretical nmindestudies conducted by the device

manufacturer.

PRK

After administration of topical anesthetics (te&ime® and oxybuprocain® (Théa,
Clermont-Ferrand, France)), the central 8.0 mm ealrepithelium was removed using a soft
rotating surgical brush. After centration was conéd, excimer laser (Wavelight EX-500
Excimer Laser,Alcon Surgicals, Fort Worth, Texa§A) photoablation was performed with

a 6.5 mm optic zone.

POSTOPERATIVE CARE

At the end of the procedures, a topical antibiaftoxacine (Quinofre® Théa,
Clermont-Ferrand, France) was administered. A bgedantact lens was only applied on
PRK treated eye. The postoperative treatment ieclur both eyes a preservative free

antibiotic ofloxacine (Quinofrée Théa, Clermont-Ferrand, France) 3 times daily7fatays,



a preservative free anti-inflammatory drop fluribifen (Ocufef!, Horus Pharma, Saint
Laurent du Var, France) 3 times daily for 2 dayd hrricant eye drops (Vism&dinidoses,

Horus Pharma, Saint Laurent du Var, France) whedexd:

Safety and efficacy outcomes

The main efficacy outcome measure was the meangeham the MRSE from
baseline. The secondary efficacy outcomes measiges

- The mean change in uncorrected distance visuatyauDVA), assessed by a
standardized scotopic decimal projection chart atieaving distance of 5 m
converted into logarithm of the minimum angle ddatition, logMAR notation

- The mean change in mean keratometry (Km) on axaitfcurvature map of
Scheimpflug tomography (Pentacam H®culus, Wetzlar, Germany)

- Demarcation line depth observed by anterior segmgint coherence tomography
(AS-OCT) (Spectrali Heidelberg Engineering, Heidelberg, Germany) and
measured centrally and at 4 peripheral points (3temporally, nasally, in upper
and lower limits), in TE-PiXL treated eye.

- The mean change in central epithelial thicknesssoreanent on AS-OCT in both
eyes.

The safety outcome measures included the bestetedredistance visual acuity
(CDVA) converted into logMAR notation; the endotiaglcell count (ECC) measured by
specular microscopy (SP 2000P, Topcon Corporatimkyo, Japan), the incidence of
adverse events identified by ocular examinationhwstit lamp biomicroscopy and the
subjective patient evaluation (including pain, drgs, itching, tingling, foreign body

sensation, watering, photophobia and blurred v)spErformed with a visual analogic scale



ranked from O to 10 for each subjective symptonrioBe side effects were defined as

occurrence of infectious keratitis or more tham2g loss of CDVA.

Patient examinations

Patients were examined preoperatively, immediafelipwing procedures of TE-
PiXL and PRK, at day 2 (D2) (to remove the bandag®act lens on PRK treated eye), day
7 (D7) to check for early complications, one (Mtt)yee (M3) and six (M6) months post-

operatively.

Statistical analysis

Comparisons of parameters with the baseline werlpned using the student t-test.
Data, expressed as an average + standard devigaid@® = SD), were considered as
statistically significant for @ value <0.05. Correlation between Km and the deatama line

depth at 1 month was calculated using Pearsoniglatipn coefficient.

RESULTS

Population

Nineteen patients with a mean age of 28.2.8 years were included from September 2016
through March 2017. There were no statisticallyngdigant differences between the baseline

clinical characteristics of the TE-PiXL and PRKatted eyes (Table 1).



Refraction

Table 2and figure 3 show the MRSE changes through 6 months postopelatwith a
statistically significant reduction at 6 monthsTiB-PiXL eyes (.72 £ 0.42 Dp<0.001), but
lower than in PRK eyesl(35 + 0.46 Dp<0.001). Three patients had low MRSE changes

after TE-PiXL, below 0.5 D.

Visual acuity outcomes

There were statistically significant (p<0.001) impements in UDVA at M1, M3 and
M6 postoperatively compared with baseline (Tabkn#@ Figure 4 A,B,C) in TE-PiXL eyes
(0.32+ 0,28 decimal visual acuity), but lower than in PByes (0.3 0,28 decimal visual
acuity). 69 % of included patients were more siisfvith PRK treated eye. There was no
regression in UDVA through follow-up visits in bottechniques. 8 patients required
retreatment on TE-PiXL eye after the 6-month visit.

The CDVA remained stable through 6 months postdpets compared to the

baseline in all eyes. (LogMAR=0, Mean decimal gisacuity=1.0).

Topography outcomes

There was a statistically significant reductiorkim from the first month, confirmed
at all follow-up visits (table 2), compared to thaseline (Figure 5) in TE-PiXL eye8.74 *
0.54 D,p<0.01) and PRK eye4.(l5 + 0.53 Dp<0.001).
18% of TE-PiXL eyes vs 73% of PRK eyes had at |&abBt decrease in mean keratometry.

(Figure 6)



The qualitative analysis of differential axial ftocurvature maps between the 6 months and
baseline (Figure 7) showed corneal central flattgraf at least 1 D, in 62.5 % of TE-PiXL

eyes vs 100% of PRK eyes.

OCT demar cation line and epithelial thickness

Table 3shows the mean central and peripheral demarcaterdéepth at each visit.

A stromal demarcation line (Figure 8) was obselveall TE-PiXL treated eyes, and was the
most noticeable at M1. It subsided gradually stgrfirom the peripheral stroma but often
remained visible at M6. The correlation analysisndestrated a statistically significant
correlation between the depth of demarcation lind the Km reduction at M1 (r=0.61,
p<0.01). In the same way, we noticed a correldbetmveen the depth of demarcation line and
the MRSE improvement (r=0.51, p<0.05) (Figure 9).

There was no significant change in the mean ceapihelial thickness measurements at all

follow-up visits compared to the baseline in bogese

Endothdlial cdll count

There were no statistically significant differendetween baseline and postoperative

endothelial cell count (table 2). A blurred imadetloe endothelial cells (Figure 10) was

obtained at M1 and M3 in TE-PiXL eyes, and thenithage quality improved at M6.

Side effects
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The TE-PiXL eyes were pain free postoperativelynpared with PRK eyes (100%
painful eyes at D2). A foreign body sensation (8%ihin the 2 first days postoperatively
was noticed after TE-PiXL. Patients complained abmoderate photophobia in both eyes
(100% of patients at D2, and 89% at D7) duringfiist month with a tendency to decrease
over the months. There were no serious side efféctpunctate epithelial staining was
noticed immediately following the TE-PiXL procedurat the epithelium was fully intact by
day 2. Ulcer remained in 36.8 % of PRK treatecsegteday 2.

A transient delineated corneal haze was observeéd iflo of TE-PiXL treated eyes,
and 5.2% of PRK treated eyes (Figure 11). It wagimal at M1 and faded gradually. It

remained slightly visible in some patients at M6.

DISCUSSION

Nowadays, corneal refractive surgery techniques eommonly used for the
correction of low myopia thanks to their simpligigfficiency and predictability. It consists
of performing a customized stromal photoablatiothwthe excimer laser. However, tissue
removal impacts biomechanical properties of th@eamresulting in weakening and reduction
of the stromal rigidity> Consequently, it is not practiced in eyes withcinical keratoconus
or thin corneas due to the risk of corneal ecte&B&veral studies suggest that screening tests
for refractive surgery should be done carefullyjngscorneal topography to exclude
keratoconus suspects’However, others report that eyes with keratocorusecatoconus-
suspect eyes can obtain acceptable results withactefe surgery: photorefractive
keratectomy was a safe and effective procedur&kdoatoconus-suspect corneas over a 5-

year follow-up™* topography-guided laser ablation treatment was dotm improve the

11



UDVA and CDVA in patients with mild to moderate degs of keratoconu$. But in actual

practice, excimer laser keratectomy is still coastd to be contraindicated in eyes with an
unstable thin cornea with keratectasia. Therefregvoid further weakening and ectasia of
the keratoconic cornea after excimer laser corabidtion, many refractive surgeons have

performed simultaneous topography-guided PRK awaflevin—-UVA CXL.*?

Unlike corneal refractive surgery techniques, ¢hisrno stromal ablation in CXL.
Standard CXL is known to induce a corneal flattgnih approximately 2 D in patients with
keratoconus’>This corneal flattening is thought to be the resfistromal stiffening induced
by increased formation of covalent bonds within b@tween collagen molecules and
proteoglycan core proteifs.

The latest advances in the field of CXL gave tsenany variants of the C-CXL
Dresden protocol, not only by modifying the protood riboflavin soaking through the
epithelium (TE-CXL* or iontophoresiS) but also by modifying the UVA irradiation
protocol: reducing the time of the procedure (ameged CXL®) or customizing the
irradiation pattern (TG-CXL). TG-CXL has shown thgiteater corneal flattening can be
achieved relative to C-CXL by applying cone-cerdepatterns of irradiation, delivered by
devices allowing customized treatment plans (ModéKL 1I® device, Avedro Inc.,
Waltham, MSUSA).>”’

Given the multitude of CXL protocols, finite elemienodeling of the cornea and
the kinetics of the CXL photochemical reactions éhdneen developed.These numerical
models are used to simulate the post CXL topogcaphanges, to predict the theoretical
maximum depth of the treatment and to optimize dvearameters (UVA dose, irradiance,
pulse interval, riboflavin concentration, and amditof supplemental oxygenj.Seven and

Dupps?® developed and applied a biomechanical model talystpotential refractive

12



applications of CXL, notably the correction of gstiatism by the means of customized
irradiation patterns guided by the topography.

Kanellopolous et al published the first reportedecaf photorefractive CXL using a
high dose of UVA (14J / cfpfor astigmatism correction, showing a toric retirt of 0.8D
Then, he used a peripheral irradiation profile fiyperopia correction with encouraging
results.Finally, he showed a statistically significant retdan of MRSE through a feasibility
study to evaluate PiXL in the treatment of low migcf3

Elling et al*

recently published a case series evaluating Pi¢Lthe treatment of
low myopic refractive error in 24 eyes of 14 patsrusing an epithelium-off (epi-off) CXL
technique. While similar irradiation parameters evapplied to our study (30mwW/cm2 pulsed
UVA, dose 15 J/cm2), a smaller (4mm) UVA beam dieanevas used than in our study
(6mm). Elling reported a MRSE reduction of 0.90.40D and a UDVA improvement of
0.34 £ 0.20 log MAR, a 0.2 D greater reduction ieam MRSE than in our study.

Our prospective pilot study to evaluate high fluengupil centered TE-PiXL for the
treatment of low myopia in healthy eyes was congllictsing protocols developed from this
modeling framework and early clinical experiencbeTpurpose was to ascertain a proof of
concept that PiXL could safely flatten the cornaed eeduce myopia. The benefit of the TE-
PiXL technique over the epi-off PiXL technique &t in TE-PiXL, the epithelium is not
removed, avoiding the risk of complications suchirdsctious keratiti$? sterile infiltrates,
corneal opacities and herpetic reactivation andgpesative discomfort experienced by the
patient after epithelial debrideméfitin our study we have chosen, for ethical reastns,
treat only one eye per patient, the non-dominaat aging this novel technique, limiting our
sample to 19 eyes in TE-PiXL group. The dominamt wgs treated using PRK. This allowed

to compare TE-PiXL outcomes with those of a statidarneal refractive surgery technique.

In case of under-correction with TE-PiXL, it triggea small monovision well tolerated in
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most myopic patients. The treatment protocol f&-HiXL used in our study induced a
decrease in MRSE of 0.72 + 0.42D vs 1.35 + 0.46 PRK eyes as well as an improvement
in visual acuity of 0.35 + 0.21log MAR vs 0,66 #10,l0gMAR in PRK eyes. In these 2
studies, the standard deviation of the refractivc@mes suggests lesser predictability than
with conventional refractive procedures, indicatitigat further customization of the
procedure for individual patient factors, such@sgraphy, may be required.

These results were obtained by the first monthe Teasurement of the central
epithelial thickness preoperatively and at 1, 3 @nchonths did not reveal any significant
changes, indicating that the outcomes are likelg ¢m stromal remodeling and not to
epithelial variations. Furthermore, there was mmisicant change from the first through the
sixth month, confirming that there is no early aefive regression. While some refractive
methods studied in the past, such as collagen k&tgen procedures, demonstrated early
regression, the findings in our study suggest thtergial for refractive stability after PiXL,
which must be validated with longer-term assessment

To the best of our knowledge, our study is the fieporting TE-PiXL results with
pulsed UV light and supplemental oxygen deliveWhen the epithelial barrier is left intact,
the epithelium slows the diffusion of both riboflavand ambient oxygen into the cornea,
thus the efficacy may be reduced compared to tredatd epi-off techniqu@. With the aim
of maximizing the efficacy of TE-PiXL, we applied @vo-part riboflavin formulation
specifically marketed for use in TE-CXL proceduf(faraCel Part 1 and 2, Avedro, Inc.).
This formulation contains a higher concentratiorribbflavin than applied in conventional
epi-off cross-linking, and contains permeabilityhancing agents (associated with 0.02%
benzalkonium chloride in methylcellulose) intendedoosen the epithelial junctions and aid
in delivery of riboflavin to the stroma. Superficepithelial layer could be damaged, which

enhances riboflavin penetration without being caetely abrasivé® Several recent
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publications demonstrate the efficacy of this folation in combination with accelerated
cross-linking techniques to reduce maximum keratomen patients with progressive
keratoconus. Since the amount of flattening obskve average in these studies is lower
than reported in some clinical studies of epi-oKLC CXL was performed in a humidified
high oxygen (>95%) environment, using an oxygernvdey mask placed on the eye during
the procedure to improve the efficiency of the epiprocedure. The rationale for the
addition of pulsed UV and supplemental oxygen iseldaon the understanding of CXL
photochemical reactionshich lead to the formation of cross-lickvalent bonds within the
collagen and proteoglycans molecul23wo types of photochemical reactions have been
described. Type 1 reactions predominating undeerab& conditions, which use excited
riboflavin as substrate and generate oxygen fréeaks by riboflavin photolysis, and Type 2
reactions, which occur under aerobic conditionthatbeginning of the UVA irradiation and
result in the formation of singlet of oxygen andsequent photo-oxidation of stromal
proteins. Rapid oxygen depletion occurs within QL% seconds of the initiation of UV in
cross-linking reactions, while turning the UV ligbtf leads to a rapid replenishment of
oxygen?® Hence, pulsing the UV light during crosslinkingatment theoretically achieves an
additional oxygen concentratiohy slowing the rate of oxygen consumptionhile the
addition of supplemental oxygen at the surfaceeiases the rate of oxygen diffusiohn
silico photochemical kinetic modelirand ex vivo biomechanical analyses have previously
demonstrated that the combination of pulsed irtahaof UV and an oxygen-enriched
environment result in increased stromal oxygen eotration during CXL, and increased
corneal stiffnes§’ However, this study did not include a control groof eyes treated

without oxygen, therefore we cannot conclude ongexyeffect.

A stromal demarcation line was detected on AS-O€alli TE-PiXL eyes at M1. This

line was on average deeper (36604 um) than that described in the literature in TE-CXL

15



(105+ 15um).2® This may be due to both the increase in ambiengemyconcentration and
higher total UVA dose. We highlighted a statistigakignificant correlation of the
demarcation line at M1 to the mean MRSE (p <0.0%®) eorneal flattening (p <0.01)he
deeper this line was, the more the cornea waseflatt and the greater the reduction in
myopic error. Thus, this line, clearly visible atLiMseems to be an indirect indicator of CXL
efficacy, as already reported in some stuffidis correlation is supported by the very good
PiXL refractive result obtained in 6 eyes which hadhyper-reflectivity of the whole
thickness of the central cornea on AS-OCT. Howeore may speculate that an even higher
UVA dose could achieve a greater refractive effadt could have a deleterious effect on
endothelium. If one believes that the observedateation line depth may be related to the
high oxygen concentration, it may also be thought tnodulation of this concentration with
the same UVA total dose could affect the depthhaf demarcation line. Endothelial cell
counts were stable over 6 months in all eyes. Hewahe quality of the endothelial cells
image obtained by specular microscopy was blurrgd M3 in TE-PiXL eyes. This may be
related to the observed stromal haze. Elling reqgbat decrease in cells hexagonality with an
energy of 15J/cf he also attributes this fact to poor image qyalitfhe maximum corneal
and lenticular UV radiant exposure is establismetbiO 15004-2 (2007), which defines light
hazard protections for ophthalmic instruments. &quosure times less than 1000 sec (16.7
min), the maximum corneal and lenticular dose i¥dm2 for a Group 2 instrument. The
presence of riboflavin in the cornea results imgraission of only 5% of UV light to the
endothelium in an epi-off procedure. Transmissgreduced to only 3.5 — 4.0% in an epi-on
procedure due to additional absorption in the efiah cells themselves. Therefore, the
estimated UV dose reaching the endothelial celtsndwa 15 J/cm2 crosslinking treatment is
0.53 - 0.75 J/cm2, depending on the presence enab®f the epithelium, which in all cases

is less than the limit established in the interadl standard. It is also important to note that
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this standard takes into account the potentialrépeated or chronic exposure to the light
hazard, so the limits contain a significant addiéibsafety buffer that is not necessarily
applicable to a one-time treatment such as correaklinking. Comparable studies in rabbit
eyes have shown acute damage thresholds of up&i#2 for the lens and 42 J/cm2 for the

cormnea’’ Longer-term monitoring of these patients and ofdarsamples are justified to

establish the safety of this procedure.

In our patients, no serious side effects were rdti€DVA remains stable through 6
months postoperatively. The epithelium-on approaittat limits epithelial damage to
superficial punctate staining immediately followitfge procedure, has a notable advantage
since it reduces the infectious risk and greattyeases the patient's comfort. The procedure
was simple for both the patient and the operatamwéVer, the procedure lasts almost 30
minutes while other corneal refractive procedurest ljust a few minutes. Hence,
opportunities to reduce the time of the procedara future improvement to be considered

and evaluated.

Finally, we have continued to monitor our enrolptients. In the case of residual
refractive error after TE-PiXL, we suggested a PRitreatment for patients wishing to
achieve emmetropia. 8 patients were treated witK Bfeer M6, and based on the last (and
lower) refraction, had, at 6 weeks post-PRK, a @lagfraction and mean UDVA of 0.0
logMAR. Postoperative biomicroscopy examinatiot kot reveal sub-epithelial haze or any

other adverse effects following retreatment.
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CONCLUSION

Our study showed that high dose, pupil-centered®PH- reduces low myopia. TE-
PiXL seems to be a minimally invasive techniquetfoe treatment of mild refractive error,
particularly as an option for patients with thinrmeas (treatment-naive or after refractive
surgery) or suspicious corneal topography contreatdd for conventional refractive
surgery.
However, broader cohorts with long-term data areded to confirm the safety of the
procedure and the stability of the results.
Efficiency of TE-PiXL is still limited and inferioto epi-off CXL and PRK.t could be
improved in the future by modulating the variousapaeters thanks to the development of
numerical modeling of cornea and CXL. Alternate heaatterns or integration of corneal
topography data may improve treatment accuracyticp&arly in the correction of

astigmatism.
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What is known
- PiXL isanew approach for the correction of low myopic errors based on the
flattening of the central cornea after CXL.
- Epi-off PiXL has been studied on small cohorts reporting myopia reduction and

UDVA improvement. Trans epithelial PiXL, avoiding complications risk has not been

widely studied yet.

What this paper adds
- Transepithelial PiXL is effective to reduce low myopic error in healthy eyes. No
complications occured during the 6-month postoper ative period.
- This procedure could be in the future, a non-invasive refractive procedure for low

myopia, especially on thin corneas.
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LEGENDS

Figure 1: Oxygen delivery mask, placed on treaieddairing PiXL procedure
Figure 2: UVA delivery device (Mosaic, Avedro Indyaltham, MS, USA) with pupil
tracking system
Figure 3: Mean change in Manifest Refraction Spma¢riEquivalent (D) over the 6
postoperative months
Figure 4: Change in UDVA
A. Mean change in Uncorrected Distance Visual AcuitygMMAR) over the 6
postoperative months
B. Change in lines of UDVA at 6 months
C. Comparaison between postoperative and preopetdiDxA
Figure 5: Mean change in mean Keratometry (D) tiver6 postoperative months
Figure 6: Percentage of eyes with corneal flatigmnTE-PiXL and PRK
Figure 7: Difference axial front curvature map ahénths versus baseline
Figure 8: Anterior segment optic coherence topdwyyamt 1 month. Arrows show
demarcation line
A. 6 mm whole thickness corneal hyperreflectivity
B. well delimited anterior stromal hyperreflectivity
Figure 9: Correlation of demarcation line depti atonth to
A. mean change in meam keratometry
B. mean change in Manifest Refraction Spherical Edenta
Figure 10: Specular microscopy photography at 1tmshowing endothelial cell count of

2652 cells/mrhalthough blurred image in TE-PiXL eye
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Figure 11: Slit lamp photography showing a circw@omal haze at 1 month.
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TABLES

Table 1. Baseline clinical characteristics of TE-PiXL andieyes.

TE-PiXL PRK P
value
-1.43+0.31 -1.26 £ 0.35
MRSE (D) [range: -1 to -2] [range: -1 to -2]
: -1.2+0.37 -1.14 £ 0.44
Spherical error (DS) [range: -0.5 to -2] [range: -0.5 to -1.75]
N -0.42 £0.25 -0.4 £0.26
Cylindrical error (DC) [range: 0 to -0.75] [range: 0 to -1]
Km (D) 43.49+1.43 43.52+1.43
[range: 41 to 46.1] [range: 41.3 to 46]
Kmax (O) 447513 445+ 1.36 >0.05
[range: 42 to 46.8] [range: 42.1 to 46.6]
1.00+0.0 1.00+0.0
BCDVA (LogMAR) [range: 1to 1] [range: 1to 1] N.S.S
(LogMAR) 0.68+0.2 0.67 +0.19 o
9 range: 0.2 t0 1.3 range: 0.31t0 1.3
UDVA
Decimal 0.23+0.11 0.23+0.08
[range: 0.05 to 0.63] [range: 0.05 to 0.4]
537 £ 28 537 £ 26
Pachymetry (Lm) [range: 492 to 592] [range: 489 to 576]
Central epithelial thickness 53+4 53+4
(um) [range: 49 to 56] [range: 49 to 56]
Endothelial cell count 2654 £ 371 2692 + 395

(cells/mnd)

[range: 2030 to 3194]

[range: 1788 to 3412]

MRSE = manifest refraction spherical equivalent ; D = déwp ; DS = diopter sphere; DC =
diopter cylinder; Km = mean keratometry; Kmax = maxm simulated keratometry;
BCDVA = best corrected distance visual acuity; UD¥Aincorrected distance visual acuity
Data are mean # standard deviation ; N.S.S = non-stastically significant

Table 2. Clinical characteristics of TE-PiXL and PRK eydé®nl, 3, and 6 months
compared with baseline measurements.

Parameter Group 1 month P* value 3 months P* value 6 months vaPItJe
TE-PIXL | 055+0.30| <0.001] 0.65+0.41 <0.000 720+0.42 | <0.001
AMRSE (D) PRK 1.58+0.54| <0.001] 1.37+04p <0.001 1.3646 | <0.001
P' value <0.001 <0.001 <0.001
TE-PiXL | 0.47+0.32] <0.001 0.5+0.48 < 0.00L 0.6247 <0.001
(Agsf’)here PRK 1.72+05| <0.001] 1.4+0.43 < 0.001 1.26440.| <0.001
P' value <0.001 <0.001 <0.001
ACylinder TE-PiXL | 0.06%0.18 >0.05 0.07+0.12 >0.05 0.03+ 0.1 >0.05
(DC) TPRK -0.28+0.63] >0.05 0.03+ 0.57 >0.05 0.03+ 0.59 >0.05
P' value 0.03 >0.05 >0.05
AUDVA TE-PiIXL | -0.34+0.17| <0.001| -035%+0.19 <0.001 0.35+0.21 | <0.001
(LogMAR) PRK -0.65+0.19] <0.001] -0.670,2 <0.001 -0.66% | <0.001




P’ value <0.001 <0.001 < 0.001

TE-PIXL | -0.76 £+0.72] <0.001| -062+068 <0.01 .79+054 | <0.001
AKm (D) PRK -1.38+0.44] <0.001] -1.3+0.3F <0.001 -1A38 | <0.001

P’ value <0.01 < 0.001 <0.05
AEndothelial] TE-PiXL | 52 +206.4 0.424 -42 + 195 0.402 61+26] 0.355
cell count PRK 42 + 276 0.406 -32 + 208 0.5 14.2 + 354 0.786
(cells/mnf) P value 0.952 0.843 0.445 |

MRSE = manifest refraction spherical equivalent ; D = déwp; DS = diopter sphere; DC =
diopter cylinder; UDVA = uncorrected distance visaeuity; Km = mean keratometry;

Data are mean * standard deviation.

*Comparing changes at 1, 3, and 6 months from baseline.

'Comparing TE-PiXL and PRK eyes at the same timatpoi

Table 3. Depth of demar cation lines measures over timein TE-PiXL eyes

1 month 3 months 6 months
Central DLD + SD im) 366.1 + 133.3 258.6 + 173.5 220.5 + 199.2
Mean peripheral DLD + SDufn) 151.8 +83 113.9+89.7 74.9£85.2

DLD= Demarcation Line Depth






