Current Eye Research

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/icey20

Evaluation of a Novel Non-Diffractive Extended
Depth of Focus Intraocular Lens – First Results
from a Prospective Study
Volkan Tahmaz, Sebastian Siebelmann, Konrad R. Koch, Claus Cursiefen,
Achim Langenbucher & Robert Hoerster
To cite this article: Volkan Tahmaz, Sebastian Siebelmann, Konrad R. Koch, Claus Cursiefen,
Achim Langenbucher & Robert Hoerster (2022): Evaluation of a Novel Non-Diffractive Extended
Depth of Focus Intraocular Lens – First Results from a Prospective Study, Current Eye Research,
DOI: 10.1080/02713683.2022.2074046
To link to this article: https://doi.org/10.1080/02713683.2022.2074046

© 2022 The Author(s). Published with
license by Taylor & Francis Group, LLC.

View supplementary material

Published online: 01 Jun 2022.

Submit your article to this journal

Article views: 134

View related articles

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=icey20

CURRENT EYE RESEARCH
https://doi.org/10.1080/02713683.2022.2074046

Evaluation of a Novel Non-Diffractive Extended Depth of Focus Intraocular
Lens – First Results from a Prospective Study
Volkan Tahmaza, Sebastian Siebelmanna,b, Konrad R. Kochb, Claus Cursiefena, Achim Langenbucherc
Robert Hoerstera,b

, and

a

Center of Ophthalmology, University of Cologne, Cologne, Germany; bMVZ ADTC Moenchengladbach-Erkelenz, Erkelenz, Germany;
Department of Experimental Ophthalmology, Saarland University, Homburg, Germany

c

ABSTRACT

ARTICLE HISTORY

Purpose: To evaluate a novel hydrophobic, non-diffractive, extended depth of focus (EDOF) intraocular lens (IOL) design in comparison to two monofocal aspheric lenses.
Methods: Inclusion criteria for this prospective, monocentric cohort study were opacification of
the crystalline lens and patients’ wishes for surgery. In the case of the EDOF IOL, patients asked
for a presbyopia correction. All patients received surgery on both eyes. Corrected and uncorrected
distance visual acuity (CDVA, UCDVA), uncorrected and distance corrected intermediate visual acuity (UIVA, DCIVA) and defocus curves (all monocular and binocular) were compared three months
postoperatively.
Results: Fifty-six eyes were implanted with an EDOF IOL (LuxSmartTM, Bausch & Lomb GmbH, Berlin,
Germany), 50 eyes with a monofocal aspheric IOL: 32 eyes with a clear IOL (PolylensV AS 61, Polytech
Domilens, Roßdorf, Germany), 16 eyes with a yellow IOL (iSertV 251, Hoya Surgical Optics GmbH,
Frankfurt, Germany). Three months postoperatively, UCDVA was comparable with the EDOF IOL, versus
the monofocal IOL (P > 0.9). Binocular DCIVA in the EDOF IOL was significantly higher than in the
monofocal IOL (P ¼ 0.001). Monocular DCIVA better than 20/23 Snellen was achieved in 10% with the
monofocal IOL and in 68% (P < 0.0001) with the EDOF IOL. Defocus curves showed a depth of focus
at 20/23 Snellen of 1.6 vs. 0.83 diopters (D) in the EDOF IOL, vs. the monofocal IOL. No patient
reported halos or starbursts in non-standardized questioning.
Conclusion: This non-diffractive EDOF IOL provided comparably high UCDVA and significantly
higher DCIVA than the mono-focal lenses, causing only mild optical phenomena.

Received 16 January 2022
Accepted 22 April 2022
KEYWORDS

Cataract surgery; extended
depth of focus; nondiffractive intraocular
lens; presbyopia

R

R

Introduction
Extended depth of focus (EDOF) lenses are designed to correct
presbyopia by providing spectacle independence over a wider
range, than classic monofocal intraocular lenses (IOL),1,2 while
minimizing optical phenomena like glare or halos, which are
common to diffractive bifocal or trifocal lenses, or refractive
IOL with higher near addition as þ3.0 diopters (D).2–5
Currently, there are various optical designs in use to achieve
an extended depth of focus. As published by Kohnen et al.,
EDOF lenses can be subdivided into four categories: Small
aperture lenses use a pinhole effect to extend the range of visual acuity. Bioanalogic lenses mimic the pre-presbyopic crystalline lens in their optical characteristics and demonstrate
refractive power, largest in the centre and lesser in the periphery of the IOL. Diffractive optics use concentric blazed gratings, similar to trifocal lenses. The fourth group uses a nondiffractive design and comprises lenses with usually a small
zone of greater refractive power in the centre and decreasing
refractive power in the periphery.2 Because of the large number
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of lenses claiming EDOF capabilities, the American Academy
of Ophthalmology (AAO) released a consensus statement with
requirements for the evaluation of EDOF lenses.6,7
The LuxSmartTM (Bausch & Lomb GmbH, Berlin, Germany)
is a non-diffractive, aspheric hydrophobic one-piece acrylic
IOL with a 6 mm diameter optical zone, four fixation haptics
and 11 mm diameter in total. Benard et al. found the combination of polynomial terms of 4th and 6th order to increase the
depth of field when the weighting of both terms shows opposite signs.8,9 The LuxSmartTM utilizes this principle, to enhance
the depth of focus. These higher-order aberrations are localized
in the central 2 mm zone of the optic with a continuous transition zone leading to a monofocal distance corrected periphery.
In this study, we evaluated the capabilities of this newly introduced, non-diffractive EDOF IOL in a standardized real-life
setting and report the first clinical data of this IOL.

Patients and methods
This prospective monocentric cohort study compared consecutive patients, who received routine cataract surgery with
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yellow and clear acrylic aspheric monofocal IOL (clear
hydrophilic 3-piece IOL: PolylensV AS 61, Polytech Domilens,
Roßdorf, Germany, yellow hydrophobic 1-piece IOL: iSertV
251, Hoya Surgical Optics GmbH, Frankfurt, Germany) to
patients, who received routine cataract surgery with the wish
for presbyopia correction via EDOF IOL (LuxSmartTM,
Bausch & Lomb GmbH, Berlin, Germany) in the time
between 08/2020 and 12/2020. After informed consent, these
patients preferred the EDOF IOL over the trifocal IOL,
because of possible optical phenomena. The study adhered
to the tenets set forth in the declaration of Helsinki and was
approved by the Ethics Committee of the University of
Cologne. All patients included in the analysis, gave informed
consent, following information about the nature of the study
and had the need for surgery, because of vision-impairing
bilateral crystalline lens opacification. This was either
defined as a decreased visual acuity to below 20/32 (0.2
logMAR) or typical complaints related to lens turbidity (e.g.
glare, decreased night vision). Patients with preoperative
astigmatism of >1.5 D were excluded from analysis since
no toric variant was used. Significant ocular morbidity is
defined as a contraindication for multifocal lenses, including
EDOF lenses. Therefore, the EDOF lens in our study was
only offered to patients with no, or only non-significant
ocular comorbidity (for example medically controlled glaucoma without visual field defects or age-related macular
degeneration without foveal changes and without need for
therapy). Additionally, there were out-of-pocket fees, associated with the EDOF IOL, like medical insurance in
Germany does not compensate for multifocal lenses including EDOF lenses, meaning an unwillingness to pay for this
lens was an exclusion criterion for this study.
All patients received surgery on both eyes on separate
days (usually 21 days apart). Two experienced surgeons
(both over 5000 cataract surgeries) performed the procedures, using ultrasound phacoemulsification and implantation of an IOL in the capsular bag with the same
equipment in the same surgical environment. A clear corneal incision of 2.8 mm was always placed temporally in 9
and 3 o’clock positions, respectively. Paracenteses were
placed in 12 and 6 o’clock positions. The estimated size of
the capsulorhexis, by Utrata forceps, was 4 mm. All patients
received capsular polishing, following phacoemulsification.
Preoperative examinations comprised subjective refraction
and best-corrected distance visual acuity (BCDVA), intraocular pressure (Goldmann applanation tonometry), slit-lamp
examination including diagnostic mydriasis, biometry (IOLMaster 700, Carl Zeiss Meditec AG, Jena, Germany), corneal
tomography (Pentacam, Oculus, Wetzlar, Germany) and retinal Spectral-Domain Optical-Coherence-Tomography (SDOCT)
(Spectralis,
Heidelberg
Engineering
GmbH,
Heidelberg, Germany).
Postoperative examinations for evaluation of IOL capacities were carried out 3 months after surgery of the second
eye. They comprised subjective refraction with corrected distant visual acuity (CDVA), uncorrected distant visual acuity
(UCDVA), uncorrected intermediate visual acuity at 80 cm
R

R

(UIVA) and distance-corrected intermediate visual acuity
(DCIVA), as well as slit-lamp examination and SD-OCT.
Contrast sensitivity was tested with the MesotestV II
(Oculus, Wetzlar, Germany). In this test an optotype
(Landoldt ring) for visual acuity level 20/200 (0.1 Snellen
decimal) is presented at varying levels of luminance against
a background of 0.1 cd/m2. Results are given as Aulhorn/
Harms-fractions by the machine and converted into
logCSWeber for statistical analysis in this manuscript.10
Monocular and binocular defocus curves were tested,
using best-corrected distance correction and measuring visual acuity with 0.5 D defocus steps from þ1.5 D to 2.5 D).
The depth of focus was defined as the range of lens powers
with a mean visual acuity 0.2 logMAR.
Statistical analysis was performed by commercially available software Prism Version 9 (GraphPad, La Jolla, CA,
USA). Comparison of visual acuity was performed by nonparametric Kruskal-Wallis Test, with Dunn’s correction for
multiple comparisons. Direct comparisons were performed
by non-parametric Mann-Whitney-Test. Correlation analysis
of corneal parameters with visual acuity was performed with
non-parametric Spearman correlation.
R

Results
Baseline characteristics
The study included 53 patients, who received surgery on
both eyes. Twenty-eight (56 eyes) asked for presbyopia correction and received the EDOF IOL. Twenty-five patients
(50 eyes) received aspheric mono-focal lenses, of which 16
patients (32 eyes) received a clear monofocal IOL, and 9
patients (18 eyes) received a yellow monofocal IOL. The
mean age was 72 ± 7 years (52–84 years). Forty-four patients
had no known ocular conditions, other than cataracts. Four
patients (2 with monofocal lenses, 2 with EDOF lenses) suffered from a pre-existing primary open-angle glaucoma, all
without visual field defects. One patient had mild Fuchs corneal dystrophy (with monofocal IOL). Four patients had
early age-related macular degeneration (all with monofocal
lenses). None of the patients with pre-existing ocular disorders, other than cataracts had a postoperative CDVA of less
than 0.1 logMAR 3 months post-surgery. Mean preoperative
CDVA at baseline was 20/40 Snellen (20/25–20/80)
(0.28 ± 0.14 logMAR (0.1–0.6)) and 20/40 Snellen (20/20–20/
100) (0.28 ± 0.16 logMAR (0.0–0.7)) for patients receiving
monofocal and EDOF lenses, respectively (P ¼ 1.00). All
patients were followed for 3 months after surgery.
Predictability
A UCDVA of 20/25 or better was achieved in 78% and 82%
of all monofocal and EDOF eyes respectively (Figure 1A).
The difference between UCDVA and CDVA was the same
in 34% of all monofocal and EDOF eyes and within one
Snellen line in 72% and 83% of all monofocal and EDOF
eyes, respectively (Figure 1C). A UIVA of 20/25 was
achieved in 12% and 46% of all monofocal and EDOF eyes,
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Figure 1. Efficacy, predictability and refractive cylinder analysis of the lenses used. (A) Efficacy: Histogram of postoperative UCDVA and CDVA. (B) Efficacy:
Histogram of postoperative UIVA and DCIVA. (C) Efficacy: Histogram of difference between postoperative UCDVA and CDVA. (D) Efficacy: Histogram of difference
between postoperative UIVA and DCIVA. (E) Predictability: Histogram of postoperative spherical equivalent refraction to Plano target refraction. (F) Refractive cylinder: Histogram of the postoperative refractive cylinder. (G þ H) Refractive cylinder: Histogram of pre- and postoperative refractive cylinder in EDOF (G) and monofocal (H) lenses. CDVA: corrected distant visual acuity; DCIVA: Distance corrected intermediate visual acuity; EDOF: extended depth of focus; SEQ: spherical equivalent;
UCDVA: uncorrected distant visual acuity; UIVA: uncorrected intermediate visual acuity.

respectively (Figure 1B). The difference between UIVA and
CDIVA was the same, or better in 90% and 88% of all
monofocal and EDOF eyes, respectively. UIVA was within
one line in 90% and 93% of all monofocal and EDOF eyes,

respectively (Figure 1D). Postoperative spherical equivalent
was within ±0.5 D in 82% and 96% of all monofocal and
EDOF eyes, respectively (Figure 1E). The postoperative
refractive cylinder was 0 D in 74% and 75% of all monofocal
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Figure 2. (A) Binocular visual performance of the EDOF and monofocal IOL. Distant visual acuity of the EDOF and monofocal IOL is comparable, while intermediate
visual acuity of the EDOF IOL yields superior results (P < 0.001). (B) Monocular defocus curves of the EDOF and monofocal IOL. The depth of focus at 0.2 logMAR
of the EDOF versus monofocal IOL was 2.1 versus 1.5 D respectively. The EDOF IOL provides 0.6 D more pseudo accommodation than the monofocal IOL, supporting the intermediate vision.
Table 1. Visual Acuity 3 months after surgery.

UCDVA
Monocular
Binocular
CDVA
Monocular
Binocular
UIVA
Monocular
Binocular
DCIVA
Monocular
Binocular

EDOF
[Snellen feet // logMAR]

Monofocal
[Snellen feet // logMAR]

20/25 //
0.12 ± 0.14 (0.0–0.7)
20/22
0.04 ± 0.06 (0.1–1.0)

20/25 //
0.10 ± 0.15 (0.1–0.5)
20/22
0.06 ± 0.11 (0.1–0.4)

>0.9

20/21 //
0.02 ± 0.09 (0.1–0.5)
20/20 //
0.0 ± 0.05 (0.1–0.2)

20/18 //
0.02 ± 0.06 (0.1–0.1)
20/18 //
0.03 ± 0.05 (0.1–0.0)

>0.9

20/29 //
0.19 ± 0.18 (0.1–1.0)
20/23 //
0.08 ± 0.1 (0.1–0.3)

20/49 //
0.44 ± 0.19 (0.1–0.7)
20/39 //
0.32 ± 0.17 (0.1–0.6)

20/30 //
0.21 ± 0.17 (0.0–0.8)
20/25 //
0.12 ± 0.11 (0.0–0.4)

20/53 //
0.45 ± 0.15 (0.0–0.7)
20/44 //
0.36 ± 0.12 (0.1–0.6)

P-value

>0.9

>0.9
<0.001
<0.001
<0.001
0.001

¼statistically significant.
CDVA: Corrected distant visual acuity; DCIVA: Distance corrected intermediate visual acuity; IOL: intraocular lens; N/A.: not available; UCDVA: Uncorrected distant
visual acuity; UIVA: Uncorrected intermediate visual acuity.

and EDOF eyes respectively (Figure 1F). In eyes, with EDOF
lenses postoperative cylinder was with the rule in 4 cases
(7%), against the rule in 1 case (2%) oblique in 8 cases
(14%) and non-existent in 43 cases (77%). In eyes with
monofocal lenses it was with the rule in 5 cases (10%),
against the rule in 1 case (2%) oblique in 7 cases (14%) and
non-existent in 37 cases (74%). The main incision was
placed temporally in all cases. The flattening effect of the
incision was 0.93 ± 0.86 (4.5–0.5) D for monofocal eyes
and
0.95 ± 0.64
(2.75–0.0)
for
EDOF
eyes
(Figures 1G þ H).
To exclude the influence of the two different types of
monofocal lenses, used in this study, we performed a direct
comparison of UCDVA, CDVA, UIVA and DCIVA of the
two monofocal groups: There was no difference in monocular or binocular visual acuity at any distance, neither corrected nor uncorrected (P > 0.999).

Postoperative visual acuity
Three months after surgery, monocular and binocular
CDVA and UCDVA were comparable with monofocal and
EDOF lenses (P both > 0.999). Monocular, as well as binocular UIVA and DCIVA, were significantly higher with the
EDOF IOL (P < 0.001 and P ¼ 0.001, respectively) (Figure
2A). A monocular DCIVA  20/32 Snellen (0.2 logMAR)
3 months after surgery was achieved in 5 out of 50 eyes
(10%) with monofocal lenses and in 38 out of 56 eyes (68%)
with EDOF lenses (P < 0.001) (Table 1 lists all visual acuity scores.).
A binocular UCDVA and UIVA  20/32 Snellen (0.2
logMAR) was achieved in 23 of 25 patients (92%) and 6 of
25 patients (24%), respectively with monofocal lenses. With
EDOF lenses, a binocular UCDVA and UIVA  20/32
Snellen (0.2 logMAR) was achieved in 28 of 28 patients
(100%) and in 27 of 28 patients (96%).
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Defocus curves
The monocular defocus curves 3 months after surgery differed significantly between EDOF lenses and mono-focal
lenses with a fogging of 1.0 D and more (P < 0.001 each),
indicating visual superiority from a distance of 100 cm and
less. At 20/32 Snellen (0.2 logMAR) the depth of focus of
the EDOF IOL was 1.6 D. The depth of focus of the monofocal IOL was 0.83 D. The EDOF IOL provides 0.77 D larger
pseudophakic pseudo accommodation supporting intermediate vision (Figure 2B). Intermediate visual acuity at 1.43 D
(70 cm) and 1.52 (66 cm), as derived from the defocus
curve was 20/29 (0.16 logMAR) and 20/30 (0.18 logMAR).
Contrast sensitivity (CS)
The CS, measured with glare lighting conditions was
0.18 ± 0.1 (0.02–0.3) logCSWeber with the monofocal lenses,
and thus slightly lower compared to 0.25 ± 0.09 (0.02–0.3)
logCSWeber with the EDOF lenses (P ¼ 0.01). Of the four
patients with early macular degeneration, one had a CS of
0.3 logCSWeber, two had a CS of 0.1 logCSWeber and one had
a CS of 0.02 logCSWeber. The one patient with Fuchs’ corneal
dystrophy had a CS of 0.1. Thus, the accompanying ocular
disorders were mild enough, not to influence the CS. In
non-standardized questioning, patients reported neither starbursts nor halos with monofocal and EDOF lenses.
Corneal aberrations and pupil diameter
We determined preoperative corneal aberrations (corneal
astigmatism, total corrected spherical aberration (TCSA) and
totally corrected irregular astigmatism (TCIA) with IOLMaster700 and Pentacam, respectively. Mesopic pupil diameter we determined with IOL-Master 700. Mean corneal
astigmatism in EDOF and monofocal eyes was
0.73 ± 0.44 D (1.42–0) and 0.75 ± 0.43 D (1.5–0),
respectively. Mean pupil diameter for EDOF and monofocal
eyes was 4.1 ± 1.1 mm (2.1–4.7) and 4.1 ± 0.9 mm (2.5–5.6),
respectively. Mean TCSA in EDOF and monofocal eyes was
0.442 ± 0.116 mm
(0.257–0.719)
and
0.462 ± 0.142 mm
(0.144–0.736), respectively. Mean TCIA in EDOF and
monofocal eyes was 0.228 ± 0.089 mm (0.102–0.501) and
0.229 ± 0.084 mm (0.102–0.414), respectively. To evaluate the
influence of these factors on postoperative visual acuity, we
performed a correlation analysis. Preoperative corneal astigmatism had a strong correlation with postoperative UCDVA
in EDOF, as well as in monofocal eyes (EDOF: r ¼ 0.547,
P < 0.001; monofocal: r ¼ 0.483, P < 0.001). The correlation of corneal astigmatism with UIVA, CDVA and
DCIVA in EDOF eyes was significant but weaker: (EDOF:
UIVA: r ¼ 0.326, P ¼ 0.014, CDVA: r ¼ 0.397, P ¼ 0.002,
DCIVA: 0.299, P ¼ 0.025). In monofocal eyes, intermediate
visual acuity showed no correlation with corneal astigmatism
but only with distant visual acuity: (monofocal: UIVA:
r ¼ 0.075, P ¼ 0.603, CDVA: r ¼ 0.315, P ¼ 0.026,
DCIVA: r ¼ 0.043, P ¼ 0.765).

5

Because of the correlation of preoperative corneal astigmatism with postoperative visual acuity, we performed a
subgroup analysis of eyes with preoperative corneal astigmatism >0.75 D versus 0.75 D. Interestingly, none of the
comparisons reached a significance level at any distance,
when visual acuity of eyes with astigmatism >0.75 D was
compared to eyes 0.75 D. However, eyes with EDOF lenses
had highly superior intermediate visual acuity, compared to
eyes with monofocal lenses, in the group with >0.75 D, as
well as 0.75 D astigmatism. Distant visual acuity was comparable in both groups. All values are displayed in
Supplementary Table 1 (online supplemental material). In
EDOF, as well as in monofocal eyes, neither pupil diameter,
nor TCSA or TCIA showed a correlation with postoperative
visual acuity (r all < ± 0.175, P all > 0.194).

Discussion
Extended depth of focus technology is an emerging field of
presbyopia-correcting lenses with several optical designs
developed recently, to achieve spectacle independence over a
wider range of object distances.2 This multitude of available
lens designs calls for standardized evaluation of the lenses,
to allow ophthalmologists to select the best possible IOL for
the individual patient’s needs. The AAO consensus statement for the evaluation of EDOF lenses aims for the best
possible comparability between studies, but may not always
be realizable in routine clinical settings6 In this study we
aimed to evaluate a newly developed non-diffractive EDOF
IOL in a clinical setting, reporting the first clinical results of
this IOL.
The LuxSmartTM EDOF IOL achieves high values for
UCDVA and CDVA, which are comparable to the monofocal reference lenses, used in this study. Both, corrected and
uncorrected distant VA values are also comparable to previously reported values for other EDOF lenses.1,2,11–14 Thus,
the LuxSmartTM does not show lower performance, compared to existing EDOF lenses, regarding distant VA. These
results are also in accordance with a recently published
report on 12 patients, who received the LuxSmartTM EDOF
IOL.15 The predictability, regarding distant VA, is also comparable to the monofocal IOL (Figure 1A). Although the
spherical equivalent (SEQ) of the EDOF IOL is slightly
more myopic than in the monofocal IOL, there is less variance in the SEQ of the EDOF IOL (Figure 1E). The difference between CDVA and UCDVA in our study even
favours the EDOF IOL slightly (Figure 1C).
Postoperative astigmatism is able to induce increased
depth of focus and improve near vision.16,17 The orientation
of the axis seems to be of influence on this finding, however,
the published data is somewhat contradictory, reporting a
beneficial effect with the rule astigmatism16, as well against
the rule astigmatism on near vision.17 To rule out a possible
bias of astigmatism on the depth of focus in one of the
groups in our study, we analyzed postoperative astigmatism,
as well as the orientation of the axis. We found that both,
the amount of postoperative astigmatism, as well as the
orientation of the axis were equally distributed in both
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groups. Thus, a bias on the depth of focus, caused by postoperative astigmatism, seems rather unlikely.
At an intermediate range of object distances (tested at
80 cm), DCIVA and UIVA of the LuxSmartTM were highly
superior to the monofocal lenses and achieved values of 20/
23 Snellen (0.08 logMAR) (UIVA) and 20/25 Snellen (0.12
logMAR) (DCIVA) versus 20/39 Snellen (0.32 logMAR)
(UIVA) and 20/44 Snellen (0.36 logMAR) (DCIVA)
(P ¼ 0.0005 and P ¼ 0.001, respectively). Here the difference
between DCIVA and UIVA was even smaller than that of the
CDVA versus UCDVA (Figure 1D). In comparison to our
study, the aforementioned report describes similar values of
UIVA for the monofocal IOL but slightly inferior values for
the EDOF IOL.15 It has, however, to be noted that in this
report intermediate vision was tested at 66 cm15, whereas we
tested at 80 cm, as recommended by the manufacturer. This
is very likely the reason for the slightly lower values of UIVA.
In contrast to this report, we here also analysed the DCIVA,
to address the possible bias of a postoperative myopic spherical equivalent. However, in our study, the DCIVA was only
slightly inferior to the UIVA. According to the manufacturer’s recommendations, we chose 80 cm for testing intermediate vision. This is a limitation to our study, since many
reports choose 66 or 70 cm for intermediate vision testing, as
recommended by the AAO. Intermediate vision, derived from
the defocus curve at 70 cm and 66 cm was 20/29 (0.16
logMAR) and 20/30 (0.18 logMAR) and thus comparable to
the aforementioned report.15
Patients, who received the EDOF IOL, achieved an
uncorrected binocular visual acuity of at least 20/32 Snellen
(0.2 logMAR) in 100% for UCDVA and in 96% for UIVA.
Patients with monofocal lenses achieved this visual acuity
only in 92% (UCDVA) and 24% (UIVA) of all cases. This
may reflect a high percentage of spectacle independence.
Although we did not perform a structured spectacle-independence questionnaire, the report of Campos et al. also
found high percentages of spectacle independence in daily
life with this EDOF IOL.15
This is also comparable to values reported for other EDOF
lenses with non-diffractive optics, derived from clinical settings.13,14 Diffractive optics EDOF lenses seem to achieve
slightly higher values of UIVA and DCIVA1,11,12, but are also
susceptible to higher rates of disturbing optical effects (ranging between 5 and 60%).1,11,12,18,19 Very recently, data from
premarket trials of the United States Food and Drug
Administration were published in a comparative study20,
reporting data on several diffractive EDOF and trifocal lenses
and a novel non-diffractive EDOF IOL (Acrysof Vivity, Alcon
Laboratories Inc.). Understudy conditions, this respective
non-diffractive IOL achieved very high values of UIVA and
DCIVA. While this IOL caused almost no severe photic phenomena, patients complained about haloes and starbursts in
up to 18% with mild symptoms and in about 9% with moderate symptoms.20 In our study in non-standardized questioning, none of the patients complained about haloes or
starbursts and the frequency of mild to moderate glare was
comparable in EDOF and monofocal lenses. This is in
accordance with the aforementioned recent report, where a

structured questionnaire also did not detect optic phenomena
more frequently, than in the monofocal group.15 In our study,
we did not perform a quality-of-life or spectacle-independence questionnaire. This is a limitation of our study and
should be performed in further studies on this EDOF lens.
Corneal astigmatism correlates quite strongly with
decreased postoperative visual acuity. Although the direct
comparison of eyes with astigmatism >0.75 D to 0.75 D
showed no significant difference in uncorrected visual acuity, the goal of any surgery is to achieve the best possible
visual acuity for the patient. We, therefore, suggest using a
toric variant, at least of the EDOF IOL in eyes with corneal
astigmatism >0.75 D. This may be due to a certain flattening
effect of the corneal incision. Corneal aberrations, other
than corneal astigmatism do not seem to have a strong
influence on postoperative visual acuity at any measured distance, neither in EDOF nor in monofocal eyes. However, it
would be interesting to correlate the amount of higher corneal aberrations to overall patient satisfaction in a further
study. The same applies to pupil diameter: It showed no
correlation with visual acuity, but further investigation of
the influence on patient satisfaction could be interesting.
In this study, we allowed the inclusion of mild and controlled ocular comorbidities other than cataracts. One could
argue that this may have influenced postoperative visual
acuity and contrast sensitivity. However, none of the
patients with pre-existing ocular disorders, described in the
results, had a postoperative CDVA of less than 20/25
Snellen (0.1 logMAR) 3 months post-surgery. This reflects
the fact that the disorders were only mild.
In conclusion, the LuxSmartTM is a non-diffractive optics
EDOF IOL with very limited optical side effects such as haloes or glare, providing spectacle independent vision from far
to intermediate object distances. Diffractive optics EDOF
lenses tend to achieve better intermediate and near visual
acuity but at cost of a higher rate of disturbing optical phenomena. Further studies with larger numbers of participants
should be performed with new adjustments to the formula
constants to support our findings.
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