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Purpose: To determine the refractive target of extended depth of focus (EDOF) intraocular
lenses in dominant and non-dominant eyes which provides the best binocular vision at all
ranges after cataract surgery.

Patients and Methods: This retrospective, single-center, non-comparative study included
47 patients who had undergone bilateral cataract surgery with implantation of EDOF 10Ls
(Tecnis Symfony or Tecnis Symfony Toric) targeting emmetropia in both eyes. Binocular
uncorrected visual acuity at distance (UDVA), near (UNVA), intermediate (UIVA), and
manifest refraction spherical equivalent (MRSE) were recorded between 1 and 3 months
after the second-eye cataract surgery. Scattergrams for combined binocular UDVA, UIVA,
UNVA and postoperative MRSE were plotted and the points of minima of the quadratic
regression curve for the dominant and non-dominant eyes were considered as the optimum
MRSE corresponding to the best overall visual acuity. Subgroup analysis of patients who
achieved UDVA and UIVA >20/20 and UNVA >20/30 was also performed.

Results: For the overall group, the optimum MRSE was —0.08 D for dominant and —0.63 D for
non-dominant eyes. In a subset of 17 patients who achieved excellent acuity at all distances, the
mean MRSE for the dominant and non-dominant eyes was —0.07 = 0.14 D and —0.21 £ 0.24 D,
respectively.

Conclusion: Excellent visual acuity at all ranges can be achieved with bilateral EDOF
intraocular lenses implanted after cataract surgery. Our results indicate the best results when
the dominant eye is targeted at emmetropia and the nondominant eye is targeted between —0.21D
and —0.63D, with excellent results shown with mild myopia of —0.21 in the non-dominant eyes.
Future studies with larger sample sizes and subjective patient-reported outcomes may validate
current study outcomes.

Keywords: optimum refractive target, bilateral EDOF IOL implantation, best myopic target

in non-dominant eyes, optimum visual outcomes across all ranges

Introduction

With rapid technological advances in intraocular lens (IOL) optics and changing
practice patterns, cataract surgery has become a lens-based refractive surgery. Due to
increased use of computers, tablets, and smart-phones for everyday activities, cataract
patients desire better near and intermediate vision postoperatively.' To address patient
expectations and demand for presbyopia correction, several presbyopia-correcting
IOLs based on different optical approaches are in use, which broadly include multi-
focal, accommodative and the extended depth of focus (EDOF) IOLs.>> Among these,
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EDOF IOLs have been available for only the past few years;
best practices for obtaining optimal outcomes are still
evolving.

The Tecnis Symfony EDOF IOL (Johnson & Johnson
Vision, Santa Ana, CA) incorporates a diffractive echelette
design which splits the light energy into an elongated
focus, creating a continuous range of vision. Unlike multi-
focal IOLs that split the light into distinct focal point(s),
the elongated focal zone of EDOF IOL reduces overlap of
near and far images, thus generating a lower incidence of
halos and glare.” Additionally, the use of achromatic tech-
nology to correct longitudinal chromatic aberrations
improves the visual performance of the EDOF IOL.®

EDOF IOLs have been shown to yield excellent dis-
tance and intermediate visual acuity.”® The defocus curve
of the Tecnis Symfony IOL is a smooth, dome-shaped
curve with an extended range of vision of about 1.5 D,
which provides good quality distance and intermediate
vision, but tapers off at reading distance. As such, it is
believed that EDOF IOLs may work less efficiently for
near vision compared to some multifocal IOLs.” "

Several investigators have suggested that aiming for
emmetropia in the dominant eye and a slightly myopic
refraction ranging between 0.5 and 0.75 D in the nondo-
minant eye may improve near vision and thereby increase
patient satisfaction with EDOF IOLs.®'? Although good
postoperative near visual acuity has been reported with
this approach, the desired spherical equivalent in each
eye to achieve optimum visual outcomes across all ranges
is unknown. The manufacturer recommends a plano target
for both eyes, irrespective of dominance. The current study
is a retrospective evaluation of outcomes of bilateral
EDOF IOL implantation in a real-world practice setting.
The goal was to identify the MRSE for the dominant and
non-dominant eyes which produced the best overall
binocular visual outcomes at far, intermediate and near
distances.

Materials and Methods

In this retrospective, single-center, non-comparative study, we
included patients who had undergone a consecutive bilateral
cataract surgery at Lindenhurst Surgery Center in Lindenhurst,
IL, between September 2016, and October 2018, with implan-
tation of EDOF IOLs (Tecnis Symfony or Tecnis Symfony
Toric) targeting emmetropia in both eyes. As part of routine
clinical protocols, the risks, benefits, and alternatives to pha-
coemulsification with implantation of an EDOF IOL were
explained to all patients prior to surgery and signed informed

consent was obtained. Since the data were previously col-
lected, de-identified,
Insurance Portability and Accountability Act, approval from

and compliant with the Health

an Institutional Review Board was not required.

Other inclusion criteria were age >40 years and
follow-up of at least 1 month following the second eye
surgery. Also included were patients with prior corneal
refractive procedures without thinning or ectasia on
corneal topography. Patients with ocular comorbidities
with a potential to affect visual outcomes were
excluded. These included macular/retinal pathology,
optic neuropathy, amblyopia, uncontrolled glaucoma,
combined/past incisional glaucoma surgery, uveitis, cor-
neal disease, irregular corneal astigmatism, corneal ecta-
sia (including forme-fruste or diagnosed keratoconus),
zonular or capsular weakness that may impede IOL
centration, use of systemic alpha-1 antagonists such as
tamsulosin and previous ocular trauma.

Forty-seven patients (25 females and 22 males) with
a mean age 61.8 + 8.3 years (range: 4278 years) met the
inclusion criteria. Preoperative parameters that included
uncorrected (UDVA) and corrected (CDVA) distance visual
acuity at 20 feet using Snellen’s chart, subjective refraction,
intraocular pressure (IOP), slit-lamp anterior segment
examination, dilated fundoscopic examination, biometry,
corneal topography using Pentacam (Oculus Optikgerite
GmbH, Wetzlar, Germany) and Cassini (i-Optics BV, The
Hague, The Netherlands), optical coherence tomography
(Optovue, Inc., Freemont, CA), keratometry, and determi-
nation of eye dominance using the Porta test were retro-
spectively reviewed.

All patients underwent bilateral femtosecond laser-
assisted cataract surgery (FLACS) using the Lensar laser
system, with all procedures performed by a single sur-
geon (MAJ) under topical anesthesia. IOLMaster and
multiple power calculation formulas were used for
toric IOL power calculation. ORA intraoperative aber-
rometry (Alcon) was used in all patients to confirm the
aphakic IOL power.

Preexisting astigmatism was addressed with either arcu-
ate keratotomy (AK) or toric IOL implantation as applicable.
The axis of toric IOL implantation/AK was guided by
Cassini or Pentacam iris registration. The axis was marked
with the femtosecond laser using intrastromal corneal arcuate
marks (IntelliAxis-C; Lensar Inc., Orlando, FL) or anterior
capsulotomy marks (IntelliAxis Refractive Capsulorhexis;
Lensar Inc., Orlando, FL). When iris registration was not
available, corneal marks were made by the surgeon with the
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patient in the upright position, and the desired IOL axis was
confirmed by ORA intraoperative aberrometry. With lower
amounts of regular corneal astigmatism, laser Als were used
to reduce astigmatism.

For this study, we analyzed the visual and refractive
data that were recorded between 1 and 3 months after
the second eye surgery. The following parameters were
evaluated: Binocular UDVA by Snellen chart, binocular
uncorrected near visual acuity (UNVA) measured at
40 cm using a Jaeger chart, binocular uncorrected inter-
mediate visual acuity (UIVA) measured at 67 cm using
reduced Snellen visual acuity chart, and manifest refrac-
tion spherical equivalent (MRSE). If visually significant
posterior capsule opacification was present, visual and
data Nd:YAG capsulotomy were
recorded. Since the increased depth of focus of EDOF
IOLs can cause autorefractors to overminus by up to

refractive after

1.5D, manifest refraction was routinely confirmed with

the maximum plus manifest refraction technique.

Statistical Analysis

Data analysis was performed using Microsoft Excel
(Microsoft Inc., Redmond, WA) and SPSS version 17.0
(SPSS, Inc., Chicago, IL). The visual acuity values were
converted to logarithm of the minimal angle of resolution
(logMAR). Mean MRSE and binocular UDVA, UIVA, and
UNVA were obtained, along with their corresponding stan-
dard deviations. The percentages corresponding to patients
with UDVA of 20/25, UIVA of 20/20, UNVA of 20/30 or
better and eyes within £ 0.5 D of MRSE were also
calculated.

Scattergrams were plotted for postoperative binocular
logMAR visual acuity at each distance (far, intermediate
and near) and post-operative MRSE. Since the purpose of
the study was to evaluate the MRSE in the dominant and
the non-dominant eye that would provide the best overall
visual outcomes at far, intermediate and near distances,
scattergrams for combined binocular UDVA, UIVA,
UNVA and postoperative MRSE were also plotted. The
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Figure | Binocular uncorrected distance visual acuity (UDVA) and manifest refraction spherical equivalent (MRSE) for dominant and non-dominant eyes. The blue and red
curved lines indicate polynomial regression curves for dominant and non-dominant eyes, respectively.
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relationship between visual acuity and MRSE was evalu-
ated using regression analysis, with logMAR visual acuity
as the dependent variable and MRSE as the independent
variable.

Results

Of the total 47 patients, 22 patients were implanted with
bilateral Symfony toric IOLs; 25 were implanted with
Symfony toric IOL in one eye and Symfony non-toric IOL
in the contralateral eye. Six of 47 patients had a history of
prior corneal refractive surgery (5 with LASIK/PRK and 1
with radial keratotomy); of these, 2 were implanted with
bilateral Symfony toric IOLs and 4 with a combination of
Symfony toric in one eye and Symfony non-toric IOL in the
contralateral eye.

Of the 69 eyes implanted with toric IOLs, toric IOL
alignment was performed by the surgeon with intrastromal
corneal marks in 50 eyes, capsular marks in 15 eyes, and
manual marks in 4 eyes. Of the 25 eyes implanted with
non-toric IOLs, 7 eyes had femtosecond laser arcuate

incisions for astigmatism reduction. None of the eyes
with prior corneal refractive procedures underwent arcuate
incisions for astigmatism reduction.

Postoperatively, the mean MRSE for all 94 eyes was
—0.08 = 0.41 D. The mean MRSE for the 47 dominant eyes
was —0.01 =£0.35 D and, for the 47 non-dominant eyes, —0.16
+0.45 D. The mean postoperative refractive astigmatism was
0.33D + 0.39 D. Of the total 94 eyes, 84.04% of eyes were
within + 0.5 D of MRSE and 92.47% eyes had <0.75 D of
residual cylinder. No eyes with toric IOLs needed reposition-
ing for postoperative IOL rotation.

The postoperative mean binocular UDVA was 0.02 + 0.05
logMAR. Of these, 95.74% (45/47) patients had UDVA of
20/25 or better. Mean binocular UIVA was —0.04 + 0.11
logMAR and 85.11% (25/47) patients had UIVA of 20/20
or better. Mean binocular UNVA was 0.19 + 0.11 logMAR
and 53.19% (40/47) patients had UNVA of 20/30 or better.

Figures 1-3 are scattergrams that show binocular
UDVA, UIVA and UNVA plotted against MRSE of domi-
nant and non-dominant eyes. The best fit second-order
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Figure 2 Binocular uncorrected intermediate visual acuity (UIVA) and manifest refraction spherical equivalent (MRSE) for dominant and non-dominant eyes. The blue and
red curved lines indicate polynomial regression curves for dominant and non-dominant eyes, respectively.
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Figure 3 Binocular uncorrected near visual acuity (UNVA) and manifest refraction spherical equivalent (MRSE) for dominant and non-dominant eyes. The blue and red
curved lines indicate polynomial regression curves for dominant and non-dominant eyes, respectively.

polynomial (quadratic) regression line with corresponding
R? and p values is also shown. When analyzing the com-
bined (UDVA, UIVA & UNVA) visual acuities against
MRSE (Figure 4), the quadratic regression line revealed
a significant relationship for both dominant (R2 =0.053;
p=0.02) and non-dominant eyes (R2 =0.05; p=0.039). The
points of minima (lowest point on the parabola) of the
quadratic regression curve for the dominant and non-
dominant eyes were considered as the optimum MRSE
corresponding to the best overall visual acuity. For the
overall group, the point of minima was —0.08 D for domi-
nant eyes and —0.63 D for non-dominant eyes.

There were 17 patients with excellent acuity at all distances
(defined as UDVA and UIVA >20/20 and UNVA >20/30). The
mean MRSE for the dominant eyes in this subset of 17 patients
was —0.07 £0.14 D (range: —0.5 to 0.25 D; median: 0.00) and
for the non-dominant eyes, it was —0.21 + 0.24 D (range: —1.0
to 0.38 D; median: —0.25). The frequency distribution histo-
gram of these eyes is presented in Figure SA and B.

Discussion

Previous studies with Tecnis Symfony IOL implantation have
demonstrated excellent distance and intermediate visual out-
comes with a minimal level of dysphotopsia, high levels of
spectacle independence and good patient satisfaction.®'*'*
However, visual outcomes at near have been reported to be
relatively lower than those achieved with multifocal IOLs
when emmetropia is the target.'"> '® In the current study, all
patients achieved excellent distance and intermediate visual
acuity with good near visual acuity when implanted with
EDOF toric or non-toric IOLs bilaterally.

In order to provide good functional visual acuity with
bilateral EDOF IOL implantation, some investigators have
studied whether blended vision can improve UNVA with
bilateral implantation of EDOF IOLs.*'*'*?° In blended
vision, one eye is optimized for distance vision and the
other eye is left slightly myopic to improve the near and
intermediate visual acuity. In the CONCERTO study, the
non-dominant eye was targeted for slight myopia of 0.5 to
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Figure 4 Combined binocular uncorrected visual acuity at distance, intermediate and near and manifest refraction spherical equivalent (MRSE) for dominant and non-
dominant eyes. The blue and red lines indicate polynomial regression curves for dominant and non-dominant eyes, respectively.
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0.75 D and the dominant eye for emmetropia.® Later, some
other investigators also used a similar approach: Ganesh
et al chose a target of —0.75 D in the non-dominant eye;'?

Sandoval et al and Tan et al preferred a —0.5 D target.'>*°

Still others have advocated crossed monovision, that is,
targeting emmetropia in the non-dominant eye and a small
amount of myopia in the dominant eye.' The ideal pair of
refractive targets for EDOF IOLs is unknown.
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In the current study, we chose a dataset where emmetropia
was targeted in both eyes so that dominant and non-dominant
eyes were provided equal opportunity to exhibit myopia and
see better at near, thus allowing us to determine not only the
optimum myopic target but also if it should be targeted in the
dominant or the non-dominant eye. The best refractive target to
achieve good visual outcomes across all distances, as obtained
from the regression analysis computed separately for each
distance, was —0.08 D in the dominant eye and —0.63 in the
non-dominant eye. In a small subset of eyes with excellent
acuity at all three distances (20/20 or better UDVA and UIVA
and 20/30 or better UNVA), the ideal pair of refractive targets
was —0.07 D for the dominant eye and —0.21 D for the non-
dominant eye, more closely matching the manufacturer’s
recommendation for emmetropic refractive targeting.

With monovision, binocular summation plays an important
role.*>* It is well known that as the level of anisometropia in
monovision increases, near visual acuity improves; however,
binocular summation decreases, with a corresponding
decrease in stereoacuity and contrast sensitivity.” *° As
such, there is a need to determine the level of myopia that
would provide the right balance to improve near visual acuity
without compromising binocular summation. Our study seems
to suggest that inducing slight myopia of ~-0.6 D in the non-
dominant eye may help achieve good overall visual acuity at
distance, intermediate, and near with bilateral implantation of
EDOF IOL. This small dioptric difference between the
two eyes is unlikely to considerably affect the binocular
summation.

In a subanalysis of the results of the CONCERTO study,
Cochener et al evaluated the impact of different levels of
achieved monovision after bilateral EDOF implantation.?”
While the binocular UNVA was excellent in the subgroup
with anisometropia >1.0 D, binocular UIVA was compara-
tively lower than the subgroups with lower levels of ani-
sometropia. This could potentially be due to the decrease in
binocular summation at intermediate distance with an
increase in the level of anisometropia.

In the current study, there were 17 patients who
achieved binocular UDVA and UIVA of 20/20 and
UNVA of 20/30 or better. The mean postoperative MRSE
of these 17 patients was —0.07 = 0.14 D in the dominant
eyes and —0.21 = 0.24 D. It is possible that this represents
the true “best pair” of refractive targets. However, it is also
possible that other factors contributed to improved depth
of focus in these eyes, including age, astigmatism, corneal
multifocality, pupil diameter, IOL centration or corneal

aberrations.? 3¢

Surgeons taking a blended vision approach with bilat-
eral EDOF IOLs should be cognizant of patients’ specific
visual needs and expectations. While blended vision can
provide good functional vision at all distances, it is impor-
tant to note that the stereoacuity may be reduced.”*
Accordingly, this approach may not be suitable for patients
who wish not to compromise stereopsis. Emmetropic tar-
gets for both eyes or a “personalized vision” approach of
implanting an EDOF lens in the dominant eye and a mid-
add multifocal IOL in the nondominant eye may be
a better option.

The current study is limited by its retrospective nature
and a small dataset. In addition, patient satisfaction and
contrast sensitivity were not evaluated. Our results suggest
that adopting blended vision targeting emmetropia in the
dominant eye and inducing slight myopia in the non-
dominant eye is a realistic approach to obtain good func-
tional vision at all distances. While the regression analysis
suggests a target of —0.6 D, from the subgroup analysis of
eyes with excellent visual outcomes at all distances,
a near-plano target of —0.2 D seemed to be the most
effective in the non-dominant eyes. Future prospective
studies with a larger sample size including metrics of
quality of vision, patient-reported outcomes and stereopsis
are warranted to establish the most precise myopic target
in non-dominant eyes.
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