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Abstract

Purpose. To analyze refractive results after hyperopic pyepa surgery by Q-factor
modulation without additive monovision.

Setting: Quinze-Vingts National Ophthalmology Hospital, Bafrance.

Design: Prospective non-randomized study.

Methods. We included 90 eyes from 45 hyperopic presbyopitiepts not tolerating
monovision. The target for the dominant eye (DE¥ wenmetropy, whereas that for the non-
dominant eye (NDE) was emmetropy associated witlrget Q-factor of -0.8. Postoperative
follow-up included assessments of spherical eqganarefraction (SEQ), monocular and
binocular corrected (CDVA) and uncorrected (UDVAgtdnce, binocular corrected (CNVA)
and uncorrected (UNVA) near visual acuities. Corpaehymetry, topography, aberrometry
and an analysis of patient satisfaction were peréar at the 12-month examination.

Results: Mean age at surgery was 53.8 + 4.99 years. Meawperative SEQ was +2.33 +
1.16 diopters (D) for the DE and +2.26 + 1.17 Dtfee NDE. At 12 months, 93% of patients
had a binocular UDVA of Snellen 20/20 and 82% hatirsocular UNVA of Jaeger 2
(Parinaud 3). Mean SEQ at 12 months was -0.22 5 D.8°<0.0001) for the DE and -0.83 +
0.50 D P<0.0001) for the NDE. Two eyes required retreatm@werall, 87% of the patients
said that they were satisfied and would recommbadrttervention.

Conclusion: Q-factor modulation without additive monovision &into compensate for
presbyopia by changing the Q-factor of the NDE &magyate a greater depth of field in
hyperopic presbyopic patients unable to tolerat@egusion. Visual outcome and quality of

vision were satisfactory and few patients requadditional correction.
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Introduction

The management of presbyopia has long been a sabjeterest to ophthalmologists. As the
population ages, this progressive decrease inlillidyao focus on nearby objects becomes
more prevalent, together with an increasing needtl@ correction of both near and
intermediate vision. Both ophthalmologists and a8 are seeking a safe, effective
procedure to replace accommodation, to restorellardnge of vision. The correction of
presbyopia and the restoration of accommodationhemesfore considered to be major issues
in the field of refractive surgery. The surgicalrreztion of presbyopia is a hot topic in
refractive surgery, for which rapid progress hasno@made over the last few years.

Various approaches for the correction of this diggbhave been evaluated, including
multifocal intraocular lenses, accommodative inttdar lenses, laser-assisted corneal surgery
and intracorneal inlaysLaserin situ keratomileusis (LASIK) is the most widely perforthe
corneal refractive procedure worldwide, and redergrovements in our understanding of
corneal aberrometry have paved the way for lassst@sl procedures involving changes in
corneal asphericity®. The increase in depth of field obtained in thiaywcould improve
intermediate and near vision, to the extent thatghtient may no longer be dependent on
spectaclés Many multifocal or aspherical laser-assistedneat surgery techniques have
been developed, some uni or bilateral, peripherahtered or off-center, and they are all
grouped together under the umbrella term presbyKASlentral multifocal™® or aspherical
1116 hresbyLASIK is the technique of choice today, amaly be combined with monovision to
enable patients to benefit from both techniquessuRe have been reported for F-CAT
associated with monovision on the non-dominant @YyBE)'**® but visual results are
lacking for isolated aspheric treatment on the NDRatients unable to tolerate monovision.
In this study, we assessed, in hyperopic patiethis, visual and refractive outcome of

presbyopia surgery based on central presbyopic KA&th corneal asphericity modulation
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by Q-factor modification of the F-CAT program orethNDE without additive monovision,
associated with emmetropy for the dominant eye (Df6tusing, in particular, on
postoperative quality of vision.

Materialsand Methods

This prospective non-randomized observational stfdyonsecutive hyperopic patients with
presbyopia was performed between February 2012Nandmber 2015 at the Quinze-Vingts
National Ophthalmology Hospital in Paris, Francgotmed consent was obtained from each
patient before inclusion in the study, in accoragandth the Declaration of Helsinki, and the
study was approved by the Ethics Committee of then¢h Society of Ophthalmology
(Institutional Review Board 00008855).

Patients with minimum of + 1.00 diopters (D) of kyppic manifest refraction and clinically
significant presbyopia were included. The inclusiorteria were as follows: corrected
distance visual acuity (CDVA) of Snellen 20/20 cetter, demonstrated stable manifest
refraction for at least one year, a clear lenspcar condition or history of ocular surgery,
and a poor tolerance of monovision which was defing a marked discomfort after wearing
a day contact lens with +1.00 D added to the nanidant eye. Patients with a high risk of
post-LASIK ectasia according to the Ectasia Ris&r8&System designed by Randleman and
colleagues were not included in this sefieThe other exclusion criteria were systemic
chronic disease and corectopia. The minimum reduiodow-up was fixed at 12 months
post-surgery.

Before surgery, all patients underwent a complgibtlaimologic examination, including
manifest refraction, cycloplegic refraction, deteration of DE in the hole-in-the-card test
and the preferential blur test, monovision teshwibntact lens for a day with +1.00 added to
the non-dominant eye, slit-lamp microscopy of thetedor segment, dilated fundus

examination, intraocular pressure measurement,eabrtopography, pachymetric mapping



106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

and aberrometry. Monocular and binocular uncorcealestance visual acuity (UDVA),
CDVA and binocular uncorrected near visual acuitily/A) and corrected near visual acuity
(CNVA) were measured in the following conditionsead vision was recorded as the smallest
print the patient could read fluently and comfolyadn the Parinaud reading chart at 35 cm
with and without correction.

Corneal topography was performed with the Orbsdarsystem (Orbscan Il, Bausch and
Lomb surgical, Rochester, NY). Corneal pachymetrgswerformed by high-resolution
anterior segment optical coherence tomography (E39QRTVue, OptoVue, Inc, Fremont,
CA, USA). Wavefront aberrometry measurements wétained with an ITrace aberrometer
(Hoya, Tokyo, Japan) on the undilated pupil in spat condition without pharmacological
dilatation knowing that the study examines corneavefront aberrations and that the pupil
diameter is not critical. The main outcome measerd@s were the efficacy, accuracy,
stability and safety of the procedure. Patientséattion was also assessed at the last follow-
up visit. Efficacy was evaluated by measuring bidac UDVA and UNVA. Accuracy was
evaluated by comparing the target and achievedrigphequivalent refraction (SEQ) and Q-
factor. Pachymetry, central keratometry, and thet mmean square (RMS) values of the
Zernike corneal spherical aberration coefficieft’ were also evaluated. Stability was
evaluated by analyzing changes in SEQ over thefpdlawing surgery. Safety was evaluated
by slit-lamp examination, near and distance CDVA lioth eyes, and changes in CDVA
between the preoperative and postoperative exaimmsatPatients were asked whether they
were satisfied with their visual comfort for eveaydactivities and whether they would
recommend the surgery, 12 months after the intéimen(or 12 months after the first
procedure in cases of retreatment). All procedwese performed with an IntraLase™
femtosecond laser (Abbott Medical Optics, Santa,An8A) and the WavelLight EX500

Allegretto Wave™ Excimer Laser System (Alcon, Rérth, TX Inc) in the same dedicated
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operating room. All patients underwent a standafA&SIK procedure on both eyes on the
same day with similar settings, under topical amest with oxybuprocaine (1.6 mg/0.4 ml;
oxybuprocaine chlorhydrate, Thea, Clermont-Ferrdfrdnce). A 9-mm flap with a target
depth of 110 microns was created in each case.tdriget optical zone was 6.5 mm in all
cases, with a transition zone of 1.0 mm.

For the DE, a standard Wavefront Optimized treatmes performed, aiming for emmetropy
and distance vision. For the NDE, an aspheric treat was performed with the F-CAT
treatment planning module. The target Q-factoirsgtivas -0.8 for all patients, regardless of
the preoperative Q-factor. This treatment aimedhtalify mean asphericity by adjusting the
number of midperipheral laser pulses. A readjustroémarget refraction by myopization was
required to compensate for the defocusing induced)dactor modification, but without
additional myopization (no additive monovision).

The postoperative treatment was topical tobramgoitt dexamethasone (Tobradex®, Alcon
Laboratories, Inc.), three times daily for one weaekl lubricant for one month. Postoperative
check-ups were scheduled for one day, one weekmmh, and at least 12 months after
surgery. Postoperative follow-up included slit-lampamination, monocular and binocular
UDVA and CDVA, binocular UNVA and CNVA measurementSorneal pachymetry,
corneal topography, and aberrometry and an assassirgatisfaction were also performed at
the 12-month visit.

Safety and efficacy

The safety and efficacy indices were assessed. effiacy index was defined as mean
postoperative UDVA divided by mean preoperative @DWhe safety index was defined as

mean postoperative CVDA divided by mean preopesafiibVA.
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Satistical analysis

The results are presented as means and standaediates for continuous variables and as
proportions for discrete variables. We used the go#tino-Pearson test to assess the normal
distribution of our data anthen used parametric statistics. We usedt-tests to compare
continuous data, as appropriate, dftdsts for paired data to evaluate the significanaie
differences in continuous data before and aftegeyr We used Spearman’s correlation
coefficient test to explore the relationships be&wevalues. Snellen visual acuities were
converted into logarithm of the minimum angle o$akition (logMAR) units for analysis.
CorrectedP values < 0.05 were considered statistically sigarft. Statistical analysis was
performed with SPSS for Windows version 20.0 (SR&S,Chicago, IL).

Results

Preoper ative assessment

We treated 90 eyes in 45 consecutive patients.eThwere 20 men and 25 women and the
mean age of the patients was 53.8 + 4.99 yearsn Mesoperative SEQ was +2.33 £ 1.16 D
for the DE and +2.26 + 1.17D for the NDE. The maddition for binocular near vision was
+2.3 + 0.48. There was no significant differenceafraction between the two eyes in any of
the patients. Mean minimal pachymetric cornealkiféss was 541 + 30 um for the DE and
539 + 30 um for the NDE. Mean Kmax was 44.3 + 1.4@the DE and 44.1 = 1.45D for the
NDE. The mean corneal Q factor at 6 mm before syrgias -0.19 + 0.05 for the NDE and -
0.18 + 0.04 for the DE. The RMS values of the Zerncorneal spherical aberration
coefficient C4°) on a pupil of 6 mm in diameter were 0.21 + Out8 for the DE and 0.20 +
0.12 um for the NDE. Mean preoperative UDVA was 20/63gWAR 0.45 + 0.28) for the
DE and 20/63 (logMAR 0.45 + 0.29) for the NDE. Mepareoperative CDVA was 20/16
(logMar -0.084_+ 0.076) for the DE and 20/16 (logM@.098_+ 0.076) for the NDE. Mean

preoperative binocular CNVA was Jaeger 1 (ParindudlogMAR 0.16 + 0.046). The
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readjustment of target refraction by myopizatiocassary to compensate for the defocusing
induced by Q-factor modification was about -1.3 . #90D on average in our study. The
results of the preoperative assessments are suradani Table 1.

Efficacy

Mean binocular UDVA at 12 months after surgery ®8£0 (logMAR -0.072 + 0.07). Mean
binocular UNVA was Jaeger 2 (Parinaud 3) (logMAR&)+ 0.14). At 12 months of follow-
up, 93% of patients had a binocular UDVA of Sne®&420 or better (figure 1) and 82% had
a binocular UNVA of Jaeger 2 (Parinaud 3) or bettgth 51% achieving a binocular UNVA
of Jaeger 1 (Parinaud 2) or better (figure 2). distributions of binocular and monocular
UDVA and binocular UNVA are presented in figuresafd 2, respectively. The mean
efficacy index was 0.809 for the DE.

Accuracy

At one year, the mean manifest refraction sphedqalvalent (SEQ) was -0.22 + 0.35 and
-0.83 + 0.5 for the DE and the NDE, respectivelgQXdiffered significantly between the two
eyes of each patient after surgeB<(0.001). Accuracy data for DE and NDE SEQ are
presented in figures 3 and 4.

For keratometry, measured Kmax had significantlgnged for both the DE (44.3 + 1.47 D
vs. 45.34 + 1.29 DR< 0.0001)) and for the NDE (44.14 + 1.45 D vs. 5Bt + 1.37 D
(P<0.0001)) 12 months after surgery. Minimal pachymetorneal thickness had changed
from 541 + 30 um to 522 + 24 ul<0.0001) for the DE, and from 539 + 30 um to 5228+
pm (P<0.0001) for the NDE. The results of the one-yemseasment are summarized in Table
1.

Corneal asphericity and spherical aberrations

The corneal Q factor at 6 mm before surgery wako-@. 0.05 for the NDE and -0.18 + 0.04

for the DE. This factor was significantly modifidgy surgery, to -0.78 + 0.04 for NDE
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(P<0.0001) and -0.48 + 0.03 for DIP< 0.0001) (figure 5). The difference in Q achiewatd
12 months was significantly greater for the NDEntliar the DE (-0.58 + 0.22 vs. -0.31 *
0.17,P < 0.0001) (figure 5).

Twenty-four of the 45 patients underwent aberroynatrl2 months of follow-up. The RMS
values for the Zernike corneal spherical aberratioefficient C4°) for a pupil of 6 mm in
diameter were 0.21 + 0.18n for the DE and 0.20 + 0.3#m for the NDE. These values had
become negative 12 months after surgery, at -0.06.1% pm and -0.24_+ 0.12um,
respectively (figure 6). At 12 months the change<Ci’ RMS values after surgery were
significantly greater for the NDE than for the DED.43 + 0.17 vs. -0.26 + 0.1fm,
respectivelyf=0.002) (figure 6).

Sability

SEQ refraction stability is presented in figureThe SEQ of the DE was stable over the 12
months following surgery, with a non-significant amechange from -0.3 + 0.3 D at 1 month
to -0.22 + 0.35 DR=0.1) at 1 year, and a progressive shift in myopeard emmetropia for
the NDE was observed, with a significant mean ckangm -1.07_+ 0.45 D at 1 month to -
0.83 + 0.5 DP=0.04) at 1 year.

Safety and complications

Mean CDVA for the DE was logMAR -0.084 + 0.076 (%&e 20/16) before and logMAR -

0.092 + 0.06 (Snellen 20/16) after surgery. ForNbéE=, mean CDVA was logMAR -0.098 +

0.075 (Snellen 20/16) before and logMAR -0.091 860@. (Snellen 20/16) after surgery. For
each treatment, the monocular loss of CDVA was mathi three patients (7%) lost one line
of Snellen CDVA for the DE and 10 patients (22%gtlone line of Snellen CDVA for the

NDE (Figure 8).

All of the patients attained a CDVA of at leastMR 0 (20/20 Snellen lines) for the DE

and the NDE; 91% of UDVA values for the DE werehintone line of Snellen CDVA and
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94% of the binocular UDVA values were within onediof Snellen CDVA. The difference
between postoperative UDVA and preoperative CDVAnssented in figure 9. The safety
indices were 0.929 for the NDE and 1.095 for the D& intraoperative or postoperative
complications occurred.

Two eyes required retreatment. The first patierdemwent retreatment four months after
initial surgery, on an overcorrected DE, to imprday®VA. The DE SEQ improved from -
0.75 to 0 D after this intervention. Binocular UDM#Aproved from 20/80 to 20/20 after
surgery (12-month visit). The second patient un@éatwetreatment six months after initial
surgery, on the NDE, to improve UNVA by an addiabr-1D because the postoperative
NDE SEQ was 0 D. Binocular UDVA and UNVA were 20/a6d Jaeger 3 (Parinaud 4),
respectively, before retreatment. Six months aft&eatment, binocular UNVA increased to
Jaeger 1 (Parinaud 2), and there was no changeanusar UDVA.

Satisfaction

Twelve months after the initial intervention, 3Qipats (87%) declared themselves satisfied
with their visual comfort for everyday activitiesich said that they would recommend this
surgery. The patients declaring themselves nosfgadi included the two cases requiring
retreatment. At the last follow-up visit, two patie (4%) still required glasses, with a
minimal correction of about -0.50 D for the non-doamt eye, to improve distance vision for
activities requiring sustained concentration. Thpegients (7%) needed glasses for near
vision, with an additional correction of about +1 Dwo patients reported halos, particularly
when driving at night. None of the patients spoatarsly complained of eye dryness.
Discussion

The technique used here was expected to combinieetinefits of classic hyperopic Lasik on
the DE to improve distance vision and to induce payalefocus and a negative spherical

aberration value in the NDE, to increase depthedfl fand improve near vision. This method

10



256 can also be combined with monovision to reduce diegree of myopia and increase
257 tolerability’® *> A number of concerns, including optical and vistiatortion, and a decline
258 in uncorrected distance visidn have prevented the widespread acceptance of these
259 procedures. Hyperopic presbyopic individuals seembe good candidates for these
260 procedures, as standard Excimer ablation profilesady induce corneal prolatizatfdn®:
261 The achievement of a more negative Q-factor valuey nmcrease corneal asphericity,
262 increasing the negative aberration and potentialfyroving depth of fieltf 2 However, this
263 change in asphericity involves a hyperopic defdousperipheral incoming light rays. This
264 must be corrected when setting the laser paramdigraiming for a negative refractive
265 target, so as to keep the defocus Zernike coefficiachanged.

266 By comparison with classic monovision treatmeng, thange in asphericity induces a certain
267 degree of multifocality in the NDE, potentially cbming an improvement of near vision
268 with a limited impairment of binocular distanceiuis. Indeed, a loss of visual quality for
269 near or distance vision has been reported in esédes of classic monovision c&es

270 The LASIK correction of presbyopia with differenbfsvare suites for treatment planning
271 software has frequently been evaluated. Most ddeltechniques, referred to collectively as
272 presbyLASK, involve monocular or binocular asphericity chasmge improve the depth of
273 field. For our study, we performed on the dominayg a classical hypermetropic treatment
274 leading to emmetropisation for far vision, and fitve non-dominant eye, an aspheric
275 treatment with a target Q factor of -0.8 and hypatropic induced defocus readjustment with
276 no monovision added. 93% of the patients achievbthacular UDVA of Snellen 20/20 or
277 better and 82% achieved a binocular UNVA of Jagg¢Parinaud 3) or better, with 51%
278 achieving a binocular UNVA of Jaeger 1 (Parinaud@)od visual acuity was obtained for
279 distance vision, together with a close vision sugint for everyday activities, such as reading

280 the newspaper (Jaeger 2/Parinaud 3). However, ¢tvitees requiring some accuracy,
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additional optical correction may be required fome patients. This is probably due to the
absence of programmed additive monovision in thiepes studietf.

These findings are consistent with those for aiphbt series on the Wavelight Allegretto
EX500 F-CAT program. In a recent series reportedLbyay and colleagu&s 93% of
patients achieved a binocular UDVA of 20/20 and 7&éhieved a binocular UNVA of
Parinaud 2 or better three months after surgerg [Bser parameters were different from
those used here, with a refractive target for tBEENT -0.75 D and a target Q factor of -0.8D
to induce monovision in addition to multifocalitilear vision was better in this previous
study, probably due to the very slight monovisialded. In another series reported by Ho
Wang Yin and colleagu&s 100% at one year of follow-up had a binocular UDbf 20/20

or better and 70% had a binocular UNVA of JaegéP@inaud 3) or better. The refractive
target and the target Q factor for the NDE werease0.50 D and between -0.6 and -0rB.
another series described by Courtin and colleddu@s% of patients had a binocular UDVA
of 20/20 or better, 89% had a binocular UNVA ofgkre2 (Parinaud 3) or better and 83%
had a binocular UNVA of Jaeger 1 (Parinaud 2) dtebet 6 months, with a targeQ for the
NDE of -0.6 to -0.7 (corresponding to a postopeeafQ-factor of about 0.8 to 0.9) and a
variable refractive target for the NDE dependingtloa addition to near vision required for
reading. The added monovision induced better near visualtyadar activities requiring
precision (Jaeger 1/Parinaud 2) than was achiavexdi study The setting of the target Q
value is a matter of debafein the absence of a consensus, but consideringnaheral
asphericity of the cornea, we set a target Q vafu€.8, which seems to be widely used for
presbyopia correction in hyperopic patients antypscal of other published studies on the Q
factor. However, unlike these other studies, we nad target postoperative myopia in
addition to defocus compensation, but neverthedebgeved to a greater myopisation on the

dominant eye (-0.83 D) compared to the dominated €9.22 D). Knowing that the

12
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measurement of the spherical equivalent is made tlen central 3 mm by the
autorefractometer, it can be deduced that perfayrai@-factor treatment with hypermetropic
defocus readjustment induces a slight central npatioin responsible for a mini-monovision,
which contributes in addition to the NDE inducedltifocality to improving near-vision. The
procedure resulted in good close visual acuity dotivities of daily living, but with less
accuracy. Gatinel and colleagues determined aittadarget of change in the Q facta),
required to achieved a corneal spherical aberratioiationC,° of -0.40um for a pupil size
of 6 mm: -0.60 to -0.78. If we consider the mean Q factor in the poputatio be about -
0.20, then we need to target a postoperative @rfadtbetween -0.8 and -0.9. The choice of
this change in spherical aberratiaxC{’ : -0.40um) is based on clinical practice, in which a
larger negative change has been found not to iseré@pth of focus but to decrease the
quality of visiorf>. We set the target Q factor to -0.8 for all pasesnd achieved AQ close

to the target value in the NDE (-0.58 + 0.22 vs600to -0.70) and similar results fac,° (-
0.43 + 0.17 vs. -0.40m). As expected with the classic hyperopic LASIKqeduré' on the
DE, corneal prolateness increased significatlQ ©f -0.31 = 0.17). One of the limitations of
this study is that only 24 of the 45 patients walée to benefit from wavefront aberrometry
measurements because of the unavailability of leerameter during part of the follow-up.

A progressive shift in myopia toward emmetropia waserved for the SEQ of the NDE,
which displayed a mean change from -1.07 D at 1tmém -0.83 D =0.04) at one year
whereas DE SEQ refraction seemed to remain stalde this period §=0.1). A similar
pattern can be observed in the series publisheddyang Yin and colleagues, in which
NDE SEQ changed from -1.3 + 1.0 D at 1 month aftegery to -0.7 + 0.7 D at 1 year after
surgery* and in the series published by Courtin and colieagin which SEQ changed from -
1.40 D at 1 month to -1.07 D at 6 months after spf'g. The effectiveness of this procedure

probably decreases over time, probably due to &éteral regression of hypermetropic LASIK
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associated with a gradual loss of accommodativeeponhe long-term regression of classic
hyperopic LASIK refractive correction was revealed two studie® %/ but longer term
studies are required to evaluate the long-termil#gjalof this surgical technique for
modulating Q factor.

No surgical complications were reported in ouresiand two patients required retreatment
(5%). Courtin and colleagues reported a retreatrastof 10.7%° and Ho Wang Yin and
colleagues reported a retreatment rate of 23%-owever, the indication for retreatment
differs considerably between surgeons and is raslyreomparable between studies. Also, we
can note in our study that the loss rate of one 6h CDVA for the NDE (22%) is much
higher than for the DE (7%). This is explained bg tact that the NDE present, as expected,
a corneal asphericity much more marked comparatiddE postoperatively. This corneal
asphericity degrades the quality of vision whicmreat be compensated by glasses which
explains this difference of CDVA between the 2 eyes

In our series, subjective satisfaction with visoainfort for everyday activities was good at
the last follow-up visit; 87% of our patients wesatisfied and would recommend this
operation. However, satisfaction is highly subjeet@nd depends on the personal needs of the
patient concerned. Some patients will be satisfigd an imperfect near vision and will not
need glasses, whereas others will be more demaraidgwill not be able to read without
glasses. We also report a good rate of spectadependence, with 89% of our patients no
longer requiring glasses for any distance.

Several Excimer laser platforms have been evaluatethe treatment of both hyperopia and
presbyopia, with good results * 2 Using the Carl Zeiss Meditec MEL8O platform,
Reinstein and colleagues obtained similar efficasults, with 81% of patients achieving a
binocular UNVA of Jaeger 2 and 95% achieving a birar UDVA of 20/20 one year after

surgery”. Similarly, Supracor modulates corneal aspherisityultaneously in both eyes. In
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recent studies, visual outcome and global satisiaatith this technique were similar to our
results, with retreatment rates ranging from 13%2&> %2

Other surgical approaches for presbyopic compessdtave been studied. Several studies
reported satisfactory efficacy and safety resutis dorneal inlays for the treatment of
presbyopia in emmetropic or previously LASIK-trehigatients®*°. There are still concerns
about the risks of infection, stromal fibrosis oelting after implantatiofi.

Finally, another widespread alternative for coilregtooth sphero-cylindrical ametropia and
presbyopia is intraocular lens implantation. Molti&l intraocular lenses have been widely
studied and shown to be effective, with patienegj@iently no longer requiring spectacles for
intermediate visioff. However, intraocular implantation is a more irivagprocedure, raising
guestions not only about the risk of infection, bigo about that of retreatment in cases of
poor visual outconté.

We chose to focus on hyperopic presbyopic patienéble to tolerate monovision. Although
we did not therefore increase myopization beyorel rdadjustment of target refraction to
compensate for the defocus induced by Q-factor fiwadiion, this treatment induces a slight
central myopization responsible for a mini-monamsi The beneficial effects for near vision
would therefore be expected to fade more rapidithvaiging and the progressive loss of
accommodation than in patients with associated wisiom, but our results for distance and
near visual acuities were nevertheless good, withriates of retreatment and high levels of
satisfaction. In conclusion, the treatment of blayperopia and presbyopia with a Wavefront
Optimized ablation program on the DE and the Wat¢lAllegretto F-CAT program on the
NDE, without additive monovision, seems to be @& safd efficient technique for achieving

spectacle independence.
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What was known?
 Q-factor modulation, including increased negativitpyf the Q factor
(hyperprolateness), improves depth of focus, wisakseful for near vision.
* Presbyopia management with Q-factor modulation AH-Cwith moderate additive
monovision (around 0.50-1.0 D) provides good rastdt distance and near vision,

with high rates of spectacle independence for y@&sb hyperopic patients.

What doesthis paper add?
* We evaluated Q-factor modulation (F-CAT) withoutiaiye monovision.
* Q-factor modulation (F-CAT) without additive monseiMn may be used in hyperopic

presbyopic patients who do not tolerate monovision.
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Figurelegends

Figure 1. Cumulative histogram of Snellen UDVA values befand one year after bilateral
hyperopic LASIK. The graph presents visual outcofeesA: non-dominant eyes undergoing
surgery with an aspherical ablation profile; B: doamt eyes corrected for distance vision; C:
binocular vision. 93% of patients achieved a bin@cUWDVA of Snellen 20/20 or better one
year after surgery/A: visual acuity; UDVA: uncorrected distance visual acuity

Figure 2. Cumulative histogram of Jaeger binocular UNVA dref and one year after
bilateral hyperopic LASIK. The graph presents visoiatcomes for binocular vision: 82%
achieved a binocular UNVA of Jaeger 2 or better yaar after surgery.

VA: visual acuity; UNVA: uncorrected near visual acuity

Figure 3: Scatterplots of attempted against achieved SHQaten one year after bilateral
hyperopic LASIK for: A: non-dominant eyes; B: dorait eyes. The coefficients of
determination are displayefEQ: spherical equivalent; D: diopters

Figure 4: Accuracy of SEQ with respect to the target fornAn-dominant eyes; B: dominant
eyes. For 87% of the dominant eyes, SEQ was withti® D of the target valuesEQ:
spherical equivalent; D: diopters

Figure5: A: Corneal asphericity values (corneal Q factor) ptigil size of 6 mm, before and
12 months after surgery, for the NDE and the DEe WDE corneal Q factor changed from -
0.19 + 0.12 before surgery to -0.77 + 0.16 12 meuafiter surgery. The DE corneal Q factor
changed from -0.18 + 0.11 before surgery to -0.49.13 at 12 months after surgery. B:
Change in corneal asphericity valuesQ( factor for a pupil size of 6 mm) from the
presurgical value to the value 12 months after emyrdor the NDE and the DE. Twelve
months after surgery, the change in Q achieve@ adnths was significantly greater for the
NDE than for the DE (-0.58 = 0.22 vs. -0.31 = 0.P%0.0001).M12: 12 months after

surgery; D: diopters; SD: standard deviation; NDE: non-dominant eye; DE: dominant eye
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Figure 6: A: Zernike corneal spherical aberration coefficiebt’) at a pupil size of 6 mm
before and 12 months after surgery, for the NDE taedDE. The NDEC,° changed from 0.2
+ 0.12um before surgery to -0.24 + 0.12n 12 months after surgery. The DE’ changed
from 0.21_+ 0.131m before surgery to -0.06 + 0.fuh 12 months after surgery. B: Change in
Zernike corneal spherical aberration coefficien€() from the value before surgery to that
12 months after surgery, for the NDE and the DEell’/& months after surgery, the change in
C,°RMS value was significantly greater for the NDErtHar the DE (-0.43 + 0.17 vs. -0.26
+ 0.15um, respectivelyf=0.002).M12: 12 months after surgery; SD: standard deviation;
RMS. root mean square; NDE: non-dominant eye; DE: dominant eye

Figure 7. Stability of spherical equivalent refraction ovee 12 months after surgery for: A:
the dominant eye. B: the non-dominant eye. The BE) Svas stable over the 12 months of
postoperative follow-up, with a non-significant mezhange from -0.3 + 0.3 D at 1 month to
-0.22 + 0.35D P=0.1) at 1 year. A progressive shift in myopia todv@mmetropia was
observed for the NDE SEQ, with a significant mehange from -1.07 + 0.45 D at 1 month to
-0.83 + 0.5D P=0.04) at 1 year.

D: diopters;, SD: standard deviation; NDE: non-dominant eye; DE: dominant eye; SEQ:
spherical equivalent.

Figure 8: Change in Snellen lines of CDVA for: A: the noondinant eye; B: the dominant
eye.

No loss of Snellen lines of CDVA was observed f8#6/of non-dominant eyes and 93% of
dominant eyeSCDVA: corrected distance visual acuity

Figure 9: Difference between one-year postoperative UDVA prasbperative CDVA for: A:
the dominant eye; B: the non-dominant eye; C: layths. Postoperative UDVA was within

one Snellen line of preoperative CDVA for 91% of ,ldfd for 94% of both eyetIDVA:
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Preoperative data 1 year after surgery
Age (years) 53.8 + 4.99 years
Sex (M/F) 20/25
Dominant eyes Non Dominant eyes Dominant eyes Non dominant eyes
Mean + SD Mean + SD Mean + SD P value) Mean + SD P value)
(range) (range) (range) (range)
Sphere (D) +2.47 + 1.17 +2.43 +1.14 -0.022 + 0.32R<0.0001) | -0.58 + 0.54P<0.0001)
P (+1 to +6) (+1 to +5.5) (-0.75 to +0.75) (-1.5 to +0.75)
Cylinder (D) -0.33+0.35 -0.36 +0.34 -0.40 + 0.25P=0.22) -0.53 + 0.24P=0.013)
y (-1.5 to 0) (-1.5 to 0) (-1.25 to 0) (-1.25 to 0)
Spherical +2.33+1.16 +2.26 +1.17 -0.22 + 0.35P<0.0001) | -0.83+ 0.50p<0.0001)
equivalent (D) (+0.75 to +6) (+0.25 to +5.5) (-1 to +0.5) (-1.875 to +0.375)
Minimal 541 + 30 539 + 30 522 + 24 P<0.0001) 524 + 28 P<0.0001)
pachymetry (um) (500 to 600) (500 to 602) (480 to 575) (474 to 589)
Kmax (D 44.3 + 1.47 44.1 + 1.45 45.3 + 1.299=0.0002) 45.5 + 1.37P<0.0001)
©) (40.7 to 47.1) (40.5 to 47.6) (43.1t0 47.7) (42.7 to 48.4)
-0.18 + 0.04 -0.19 + 0.05 -0.48 + 0.03P<0.0001) | -0.78+ 0.04P<0.0001)
Q-factor at 6 mm (-0.27 t0 -0.11) (-0.28 t0 -0.1) (-0.74 t0 -0.42) (-0.88 to -0.69)
Corneal spherical 0.21 +0.13 0.20 +0.12 -0.06 + 0.17©<0.0001) | -0.24 + 0.12P<0.0001)
aberration C4O at (0.01to 0.38) (0.01t0 0.34) (-0.34 to +0.16) (-0.45 to -0.05)
6 mm (um)
Mean UDVA 0.45+0.28 0.45+0.29 -0.068 + 0.07R<0.0001) | 0,29+ 0.17P=0.0003)
(logMAR) (-0.1t0 1) (Oto 1) *(-0.2 to +0.1) (0 to 0.6)
Mean CDVA -0.084 + 0.076 -0.098_+ 0.076 -0.092 + 0.06R=0.796) | -0.091 + 0.067R=0.405)
(logMAR) (-0.2t0 0) (-0.2t0 0) (-0.2t0 0) (-0.2to 0)

Table 1: Ocular characteristics of the gatients at inclusion and 1 year after surghty.
male; F: female; SD: standard deviation; D: diopters; UDVA: uncorrected distance visual
acuity; CDVA: corrected distance visual acuity; CNVA: corrected near visual acuity.

t-test for paired data (comparison of postoperative and preoperative values; P<0.5 indicates

significance).





