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e PURPOSE: To compare the visual outcomes of two ex-
tended depth-of-focus (EDOF) intraocular lenses (IOLs).
* DESIGN: Single-center prospective randomized con-
trolled trial.

e METHODS: Patients undergoing bilateral cataract
surgery were randomly assigned to receive either the
Acunex Vario IOL (Teleon Surgical B.V., Spankeren,
The Netherlands) or the AcrySof 1Q Vivity IOL (Alcon
Laboratories Inc., Fort Worth, United States of Amer-
ica); both Vario-group and Vivity-group were targeted
for mini-monovision. The primary outcome was the un-
corrected intermediate visual acuity (UIVA, measured at
66cm). Secondary outcome parameters were uncorrected
distance visual acuity (UDVA), uncorrected near visual
acuity (UNVA), defocus curves, reading speed, contrast
sensitivity, spectacle independence and quality of vision.
e SETTING: University Eye Clinic, Maastricht Univer-
sity Medical Center+, the Netherlands.

e RESULTS: A total of 31 subjects (62 eyes) were in-
cluded, 16 patients were enrolled into the Vario-group
and 15 patients into the Vivity-group. At three months
postoperatively, no statistically significant differences
were found for the binocular visual acuities between
the groups after adjustment for covariates. The mean
and standard deviation for the binocular UIVA was
0.04+0.11 and 0.15+0.11 logMAR (adjusted-P=0.264)
for the Vario-group and Vivity-group, respectively. The
binocular UDVA was 0.00+0.14 and 0.08+0.10 log-
MAR (adjusted-P=0.753), and UNVA was 0.22+0.17
and 0.314+0.14 logMAR (adjusted-P=0.235), for both
groups, respectively. While the Vario-group had a larger
range of defocus, no significant differences were found for
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patient satisfaction and spectacle independence. Contrast
sensitivity and reading speed were comparable, and there
were no statistically significant differences in optical side
effects between the groups.

e CONCLUSION: Bilateral implantation of the Acunex
Vario IOL and the AcrySof IQ Vivity IOL tar-
geted for mini-monovision had comparable results for
binocular visual acuity outcomes, contrast sensitivity,
optical side effects, and reading speed. The Vario-
group showed a larger continuous range of defo-
cus. (Am ] Ophthalmol 2025;276: 286-296. ©
2025 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/))

INTRODUCTION

vison at all distances without optical complaints. Ad-

vances in intraocular lens (IOL) technology using mul-
tifocal designs offer expanding possibilities for achieving
spectacle independence after cataract surgery. Although
multifocal IOLs (mIOLs) may offer good visual perfor-
mance at all distances, they carry risks of contrast sensitivity
loss and photic phenomena.' Recently, extended-depth-of-
focus (EDOF) IOLs have been developed that primarily fo-
cus on good uncorrected distance and intermediate vision.”
The range of vision with EDOF IOLs can be increased by
targeting for mini-monovision, wherein the dominant eye
is targeted for emmetropia and the non-dominant eye tar-
geted for -0.25 to -0.75D, improving the binocular uncor-
rected near visual acuity and thus increasing spectacle in-
dependency.”* Furthermore, recent reports demonstrated
that EDOF IOLs have an optical disturbance profile simi-
lar to monofocal IOLs, which assumedly contributes to the
shifting popularity from multifocal to EDOF IOLs.>> Vari-
ous EDOF IOLs are available, either with a small aperture,
aspherical continuous, refractive zonal or diffractive optical
design. For the current study the Acunex Vario IOL AN6V
(4+1.5D addition) (Teleon Surgical B.V., Spankeren, the
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Netherlands), and the AcrySof IQQ Vivity IOL DFT015 (Al-
con Laboratories Inc., Fort Worth, United States of Amer-
ica) are explored.”>” The purpose of this study was to eval-
uate and compare the visual outcomes of these two EDOF
IOLs when targeting for mini-monovision.

METHODS

For this study, patients with bilateral cataracts were invited
for participation if they expressed an unsolicited interest
in an EDOF IOL, had a power calculation between +10.0
Diopters (D) and +30.0D, and an expected postoperative
refractive astigmatism of <1.0D. Exclusion criteria were
previous eye surgery, any significant ocular pathology that
would limit the postoperative visual acuity <0.3 logMAR,
extensive visual field loss, and cognitive or concentration
disorders. Between May and December 2022, 32 partici-
pants from the University Eye Clinic of the Maastricht Uni-
versity Medical Center+ were enrolled. All patients signed
informed consent before enrollment. This study was ap-
proved by the local medical ethics committee and executed
in accordance with the principles of the Helsinki Decla-
ration. The trial registration can be accessed at Clinical-
Trials.gov under the identifier NCT05335408. We used the
CONSORT checklist when writing our report.®

Patients were randomized for bilateral implantation of
the AN6V (Vario-group; intervention) or bilateral implan-
tation of the DFTO015 (Vivity-group; control). The random-
ization was performed using the algorithm of the data man-
agement platform (Castor, Amsterdam, the Netherlands)
in blocks of 2 and 4. Patients and clinicians performing the
postoperative assessments were blinded. Both IOLs are one-
piece, foldable EDOF IOLs made of hydrophobic acrylic
with a diopter range between +10.0 and +30.0D. The
ANG6V optic offers the extended depth of focus by a sector-
shaped near vision segment of +1.5D located on the infe-
rior IOL surface. The DFT015 provides extended depth of
focus by its wavefront-shaping design. Power calculations
were performed using the IOLMaster700 optical biometry
(Carl Zeiss, Jena, Germany), the Barrett Universal-1I (BU-
II) formula, and the manufacturer recommended lens factor.
All patients were targeted for mini-monovision, with the
postoperative refraction in the dominant eye aimed closest
to emmetropia and the non-dominant eye targeted for 0.25
to 0.75D of myopia.

Surgeries were performed by three experienced sur-
geons using a standard divide-and-conquer phacoemulsi-
fication technique or by performing femtosecond laser-
assisted cataract surgery, with a 2.2 mm clear corneal in-
cision. For cases of with-the-rule (WTR) astigmatism, the
corneal incision was made superiorly, while for against-the-
rule (ATR) astigmatism, the corneal incision was made
temporally. The choice between immediate sequential bi-

VoL. 276

lateral or delayed sequential bilateral cataract surgery was
based on the patient’s preference.’

Preoperatively, patients underwent routine ophthalmo-
logical examination, including manifest subjective refrac-
tion, visual acuity measurements, slit lamp and fundus-
copy, optical biometry, and corneal topography (Pentacam
HR, Oculus, Wetzlar, Germany). Postoperative assessments
were planned at one week, one month, and three months.
The three-month postoperative visit included a compre-
hensive ophthalmological assessment, with manifest refrac-
tion, uncorrected and corrected monocular and binocular
visual acuities for distance (UDVA and CDVA), intermedi-
ate (UIVA and DCIVA), and near (UNVA and DCNVA).
Visual acuity measurements were performed using the Early
Treatment Diabetic Retinopathy Study (ETDRS) charts, at
distances of 4 m, 66 cm, and 40 cm. The last attempted
line on the ETDRS chart was determined, until no further
optotypes could be distinguished. The logMAR score was
identified by adding the total number of correctly iden-
tified optotypes added to the score of the last attempted
line. Functional vision assessment included binocular un-
corrected and distance-corrected defocus curves, ranging
from +2.0D to -4.0D with +0.50D increments, in photopic
conditions. The defocus equivalent (DEQ) was calculated
using: | Sphere + %*Cylinder | + | %2*Cylinder | . Contrast
sensitivity was measured using the CSV-1000 (Greenville,
Ohio, United States of America) in photopic and mesopic
conditions, with and without glare. Reading speed (binocu-
lar uncorrected) was tested at 40 cm with the Radner read-
ing chart in photopic conditions.'® Aberrometry measure-
ments were conducted with the KR-1W Wavefront anal-
yser (Topcon, Tokyo, Japan), and tilt and decentration
analyses with the CASIA2 (Tomey Corp., Nagoya, Japan).
At three months postoperatively, patient satisfaction, spec-
tacle independence, and optical complaints were assessed
using the Catquest-9SF, IOLSAT (Alcon Laboratories Inc.,
Fort Worth, United States of America), and QoV question-
naires with Likert scales ranging from zero (none/never)
to four (severefalways).'"!” Questionnaires were completed
by patients at home, without involvement from surgeons or
researches, to minimize bias.

e SAMPLE SIZE AND STATISTICAL ANALYSES: A sample
size of 32 participants was determined based on the assump-
tion of no UIVA difference in logMAR at three months
postoperatively, with an expected standard deviation (SD)
of 0.09 logMAR and a non-inferiority margin of 0.10 log-
MAR. A significance level of 0.05, power of 90%, and a
10% loss to follow-up were used in this calculation. Data
analysis was conducted using SPSS (IBM Corp. Released
2021. IBM SPSS Statistics for Windows, Version 28.0. Ar-
monk, NY).

Qualitative variables were summarized as frequencies and
percentages, while descriptive statistics, including mean
and SD, were calculated for quantitative variables. Pre-
operative keratometric astigmatism, postoperative corneal
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TABLE 1. Baseline characteristics.
Baseline characteristics of the study groups. Vectors, marked with an asterisk (*), are calculated using vector analyses.

Vario-group Vivity-group
(n=16, 32 eyes) (n=15, 30 eyes)

Mean + SD Mean + SD

Age (y) All patients 64.1 + 9.6 7.7 +£76
CDVA (LogMAR) Dominant eyes 0.27+0.18 0.19+0.14
Non-dominant eyes 0.274+0.33 0.21+0.23

SEQ (D) Dominant eyes 0.10+2.20 -1.61+3.01
Non-dominant eyes 0.98+2.91 0.00+3.38
AL (mm) Dominant eyes 23.46+1.02 24.35+1.43
Non-dominant eyes 23.51+£1.05 24.23+1.43

ACD (mm) Dominant eyes 3.16+0.41 3.25+0.47
Non-dominant eyes 3.14+£0.42 3.30+0.48

Keratometric astigmatism Dominant eyes 0.40+0.56 0.20+0.75
(D)* Non-dominant eyes 0.224+0.69 0.16+0.70
Target (D) Dominant eyes -0.02+0.10 -0.04+0.11
Non-dominant eyes -0.35+0.09 -0.41+0.13

IOL Power (D) Dominant eyes 22.1+3.1 18.7+4.3

Non-dominant eyes 22.54+8.3 19.7+4.2

ACD=Anterior Chamber Depth, AL=Axial Length, CDVA=Corrected Distance Visual Acuity, D=Diopter, IOL=Intraocular Lens, SD=Standard

Deviation, SEQ=Spherical Equivalent

astigmatism, and tilt and decentration measurements were
analyzed using vector analysis. The comparison of vec-
tor values between the study groups were performed us-
ing Hotelling’s T-squared test. The binocular visual acuity
outcomes were assessed for non-inferiority (Vario-group —
Vivity-group), with a 90% confidence interval (CI). For
postoperative analyses of the quantitative outcomes, lin-
ear regression analyses were carried out. Logistic regression
analyses were performed to compare the qualitative out-
comes between the two study groups. A significance level
of <0.05 was applied.

RESULTS

A total of 32 patients (64 eyes) were randomly assigned
to the Vario-group or Vivity-group. One patient withdrew
from the study because of anxiety for the cataract surgery.
In total, 22 patients underwent ISBCS and 9 underwent
DSBCS. The Vario-group comprised 16 patients (8 males
and 8 females) and the Vivity-group comprised 15 patients
(3 males and 12 females). Table 1 presents baseline char-
acteristics. Baseline imbalances were observed for age, IOL
power, and preoperative keratometric values of the dom-
inant eye. In the statistical analyses of postoperative out-
comes, age and IOL power were found to significantly in-
fluence the results and were included as covariates. Conse-
quently, all P-values were adjusted for these covariates and
reported as adjusted P-values (adjusted-P).
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Table 2 summarizes the refraction and visual acuity out-
comes at three months postoperatively subdivided into
dominant and non-dominant eyes. The unstandardized B-
coefficients, including standard error (SE) represent the dif-
ference between the two study groups after adjusting for co-
variates. The primary outcome parameter, UIVA, was non-
inferior, with a 90%CI of -0.026 to 0.091. All other binoc-
ular visual acuity outcomes showed non-inferior outcomes
as well, the 90% CI levels can be found in Supplemental
Table 1. The postoperative refractive astigmatism was ana-
lyzed using double-angle plots shown in Figure 1. An addi-
tional analysis of the monocular and binocular uncorrected
visual acuity outcomes was conducted, shown in Table 3,
comparing the data excluding the outlier eyes with a post-
operative corneal astigmatism >1.0D. This sensitivity anal-
ysis showed non-inferior binocular uncorrected visual acu-
ity outcomes for the Vario-group compared to the Vivity-
group.

The postoperative prediction error (PE) was statisti-
cally significantly different between the two study groups
for the dominant eyes. The percentage of dominant eyes
within £0.50D of the target was 82% for the Vario-group
and 73% for the Vivity-group at three months postoper-
atively. For the non-dominant eyes these values were re-
spectively 88% and 80%. Vector analyses were performed
for all operated eyes using preoperative and postoperative
Scheimpflug topography scans. Mean surgically induced
astigmatism (SIA) for the Vario-group and the Vivity-
group of the dominant eyes was 0.19£0.38D at 5° and
0.1940.37D at 30° (adjusted-P=0.673), and for the non-
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TABLE 2. Refractive state and visual acuity outcomes.
Refractive state and visual acuity outcomes at 3 months postoperatively. Vectors, marked with a *, are calculated using vector
analyses and further analyzed using Hotelling’s T-squared tests. The outcomes are corrected for the covariates age and IOL power,
offering the unstandardized coefficient B, standard error, and adjusted P-value marked with an asterisk (*).

Vario-group (n=16) Vivity-group (n=15) P Unstandardized coefficient B Adjusted-P*
Mean =+ SD [range] Mean + SD [range] (SE (B))*

Binocular outcomes

UDVA (logMAR) 0.00 +£0.14 0.08 +£0.10 0.056 -0.014 (0.045) 0.753
[-0.20, 0.34] [-0.06, 0.22]

UIVA (logMAR) 0.04 £ 0.1 0.15 £ 0.11 0.011 -0.052 (0.045) 0.264
[-0.10, 0.24] [-0.02, 0.36]

UNVA (logMAR) 0.22 +£0.17 0.31+0.14 0.104 -0.086 (0.071) 0.235
[-0.10, 0.50] [0.14, 0.60]

CDVA (logMAR) -0.07 + 0.09 0.00 +0.10 0.059 -0.028 (0.037) 0.459
[-0.20, 0.12] [-0.16, 0.18]

DCIVA (logMAR) 0.06 £ 0.12 0.14 £ 0.14 0.105 -0.042 (0.056) 0.453
[-0.08, 0.34] [-0.04, 0.40]

DCNVA (logMAR) 0.26 £ 0.12 0.35+0.14 0.055 -0.061 (0.059) 0.313
[-0.10, 0.42] [0.12, 0.64]

Monocular outcomes: Dominant eyes

Sphere (D) 0.09 + 0.38 0.57 £ 0.51 0.006 -0.452 (0.197) 0.030
[-0.75, 0.75] [-0.25, 1.50]

Cylinder (D)* -0.27 + 0.54 -0.73 £ 0.79 0.001 NA 0.008
[-1.25, 0.00] [-1.75, 0.00]

SEQ (D) -0.12 £ 0.44 0.10 +0.48 0.181 -0.360 (0.202) 0.086
[-1.12, 0.75] [-0.50, 0.88]

DEQ (D) 0.48 + 0.46 0.87 £ 0.31 0.012 -0.110 (0.141) 0.442
[0.00, 1.50] [0.50, 1.50]

UDVA (logMAR) 0.01 + 0.09 0.18 £ 0.12 <0.001 -0.104 (0.044) 0.027
[-0.16, 0.20] [0.04, 0.50]

CDVA (logMAR) -0.02 + 0.08 0.03 £ 0.09 0.106 -0.022 (0.033) 0.499
[-0.16, 0.14] [-0.16, 0.16]

Prediction error (D) 0.11 £ 0.45 -0.14 £ 0.44 0.121 0.443 (0.192) 0.029
[-0.73, 1.12] [-0.85, 0.50]

Monocular outcomes: Non-dominant eyes

Sphere (D) -0.03 £ 0.35 0.05 £ 0.45 0.576 -0.111 (0.176) 0.535
[-0.75, 0.75] [-0.75, 1.00]

Cylinder (D)* -0.15 £ 0.57 -0.67 +0.84 0.006 NA 0.141
[-1.25, 0.00] [-1.75, -0.25]

SEQ (D) -0.22 + 0.33 -0.42 + 0.41 0.131 0.072 (0.158) 0.651
[-0.75, 0.63] [-1.25, 0.13]

DEQ (D) 0.50 + 0.37 0.95 £+ 0.46 0.005 -0.207 (0.166) 0.221
[0.00, 1.25] [0.25, 2.00]

UDVA (logMAR) 0.04 +£0.14 0.20 £ 0.12 0.002 -0.088 (0.052) 0.098
[-0.14, 0.34] [0.04, 0.48]

CDVA (logMAR) -0.02 + 0.10 0.06 £+ 0.11 0.039 -0.063 (0.046) 0.178
[-0.16, 0.22] [-0.08, 0.34]

Prediction error (D) -0.14 £ 0.34 0.01 +0.36 0.246 0.016 (0.145) 0.915
[-1.02, 0.29] [-0.58, 0.72]

CDVA=Corrected Distance Visual Acuity, D=Diopter, DCIVA=Distance Corrected Intermediate Visual Acuity, DCNVA=Distance Corrected
Near Visual Acuity, DEQ=Defocus Equivalent, IOL=Intraocular Lens, SD=Standard Deviation, SE=Standard Error, SEQ=Spherical Equivalent,
UDVA=Uncorrected Distance Visual Acuity, UIVA=Uncorrected Intermediate Visual Acuity, UNVA=Uncorrected Near Visual Acuity.
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A. Dominant eyes with Acunex Vario IOL
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FIGURE 1. Double angle plots of postoperative refractive astigmatism at three months postoperatively. The centroid is represented
by the black square, the red ellipse encompasses the 95% confidence interval of the centroid. The blue ellipse represents the 95%
confidence interval of the entire dataset. Each concentering ring in the double angle plot corresponds to a 1.0D increment.

D=Diopter.

dominant eyes 0.3540.39D at 2° and 0.12840.34D at 10°
(adjusted-P=0.453).

Figure 2 shows the binocular UDVA defocus curve and
binocular UDVA defocus curve without the outlier eyes
with a postoperative residual astigmatism >1.0D. The
Vario-group showed significantly better results for the
uncorrected defocus curve at -2.0D (adjusted-P=0.034;

B=0.118; SE(B)=0.053), -2.5D (adjusted-P=0.024;
B=0.241; SE(B)=0.068), -3.0D (adjusted-P=0.003;
B=0.257; SE(B)=0.077), and -3.5D (adjusted-P<0.001;
B=0.251; SE(B)=0.066). The defocus curve without
outliers showed no differences between the two study
groups. The binocular CDVA defocus curve can be found
in Supplemental Figure 1.
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TABLE 3. Sensitivity analysis visual acuity outcomes.

Sensitivity analysis of uncorrected monocular and binocular visual outcomes at 3 months postoperatively. Outlier-eyes with a corneal
astigmatism >1.0D were excluded before analysis. The outcomes are corrected for covariates age and IOL power, offering the
unstandardized coefficient B, standard error (SE), and adjusted P-value marked with an asterisk (*). For binocular visual acuity

outcomes, one sided P-values are given and for monocular visual acuity outcomes two-sides P-values are used.

Vario-group Vivity-group P Unstandardized coefficient B Adjusted-P*

Mean + SD (n=Eyes) Mean + SD (n=Eyes) (SE (B))*
Binocular outcomes
UDVA (logMAR) -0.03 + 0.11 (28) 0.01 + 0.07 (14) 0.241 -0.013 (0.049) 0.794
UIVA (logMAR) 0.05 + 0.11 (28) 0.07 + 0.06 (14) 0.273 -0.003 (0.052) 0.956
UNVA (logMAR) 0.24 £+ 0.17 (28) 0.23 £ 0.11 (14) 0.460 -0.010 (0.087) 0.911
Monocular outcomes
UDVA (logMAR) 0.00 + 0.08 (15) 0.14 £+ 0.08 (10) <0.001 -0.092 (0.036) 0.018
Dominant eyes
UDVA (logMAR) 0.02 + 0.12 (14) 0.15 4 0.09 (9) 0.013 -0.069 (0.053) 0.215

Non-Dominant eyes

SD=Standard Deviation, SE=Standard Error, UDVA=Uncorrected Distance Visual Acuity, UIVA=Uncorrected Intermediate Visual Acuity,

UNVA=Uncorrected Near Visual Acuity

Tilt and decentration analyses were performed at one
month postoperatively, showing a mean tilt for the domi-
nant eyes of 3.443.6° for the Vario-group and 4.4+2.3° for
the Vivity-group (adjusted-P=0.079). The non-dominant
eyes had values of 3.5+3.2° and 4.5+2.1° for the Vario-
group and Vivity-group, respectively (adjusted-P=0.0124).
Mean decentration for the dominant eyes was 0.11+0.16
mm for the Vario-group and 0.06=0.20 mm for the Vivity-
group (adjusted-P= 0.718). Non-dominant eyes had a
decentration of 0.13+0.1 8mm for the Vario-group and
0.02£0.20 mm for the Vivity-group (adjusted-P=0.667).

Both study groups had comparable reading speed scores
in relation to visual acuity in logRAD. Contrast sensitiv-
ities are presented in Figure 3. Only at 12cpd in mesopic
conditions with glare there was significant difference in
favor of the Vario-group (adjusted-P=0.024; B=0.124,
SE(B)=0.052).

At three months postoperatively, the total higher-order
aberrations were measured in pupils of 4 mm and 6 mm,
respectively. For dominant eyes with 4mm pupils, values
were 0.1940.11 um and 0.164-0.05 um for the Vario-group
and Vivity-group, respectively (adjusted-P=0.366). In 6
mm pupils, the values were 0.49+0.21 pm and 0.47+0.11
pm (adjusted-P=0.334). Non-dominant eyes of the Vario-
group and Vivity-group showed values of 0.23+0.16 um
and 0.17£0.04 um in 4 mm pupils (adjusted-P=0.430)
and 0.5240.17 pm of and 0.49+0.09 pm in 6 mm pupils
(adjusted-P=0.651), respectively.

No statistically significant difference in patient satisfac-
tion was found between the groups with 93.8% (n=15) in
the Vario-group and 86.7% (n=13) in the Vivity-group be-
ing satisfied. Similarly, the Catquest-9SF questionnaire out-
comes did not reveal significant differences between the
groups (detailed results available in Supplemental Figure
2). The presence of photic phenomena and the specta-
cle independence at three months postoperatively can be

VoL. 276

found in Supplemental Figure 3 and Supplemental Table
2, where the results were comparable between the study
groups. In bright light conditions, 93.8% of the Vario-group
and 86.7% of the Vivity-group never or rarely used glasses.
For near vision, reading glasses were required by 62.5% of
patients in the Vario-group and 73.3% in the Vivity-group.
Patients reported halos, glare, and starbursts never or only
sometimes in 75% (n=12), 75% (n=12), and 81% (n=13)
of cases in the Vario-group and 93% (n=14), 86% (n=13),
and 93% (n=14) in the Vivity-group, respectively. Two pa-
tients in the Vario-group reported bothersome halos and
glare, while one experienced starburst complaints. In the
Vivity-group, one patient reported bothersome glare.

¢ COMPLICATIONS AND ADVERSE EVENTS: Three surgi-
cal complications were reported: one case of corneal ero-
sion and partial zonulolysis in the Vario-group, and one pos-
terior capsule rupture necessitating anterior vitrectomy in
the Vivity-group. Postoperatively, one patient in the Vario-
group developed bilateral uveitis anterior, while one patient
in the Vivity group had bilateral cystoid macular edema,
and another had stromal edema. These conditions had all
resolved with standard treatment at the final postoperative
visit. Thereafter, one patient was scheduled to receive ad-
ditional laser-assisted sub-epithelial keratectomy (LASEK)
to correct the residual ametropia.

DISCUSSION

The purpose of this study was to compare the visual out-
comes of two EDOF IOLs (AN6V and DFT015) when tar-
geted for a mini-monovision approach. At three months
postoperatively, after correcting for the covariates age and
IOL power, non-inferiority was observed for the primary
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FIGURE 2. Binocular defocus curves at three months postoperatively. A. Binocular UDVA defocus curve. B. Binocular UDVA
defocus curve without outliers having >1.0D postoperative residual astigmatism. The statistically significant differences between
group, after adjusting for the covariates age and IOL power, are denoted by an asterisk (*).

D=Diopter, UDVA=Uncorrected Distance Visual Acuity.

outcome binocular UIVA in the Vario-group compared to
the Vivity-group. The correction for these covariates was
applied to all quantitative outcomes to mitigate bias arising
from the imbalances between the groups at baseline and to
ensure the objectivity of our comparisons between the study
groups.

The refractive outcomes at three months demonstrated
significant differences for sphere, cylinder and UDVA for
the dominant eyes between the study groups. These dispar-
ities were primarily attributed to higher residual astigma-
tism outcomes in the Vivity-group compared to the Vario-
group. Although our study aimed for a postoperative resid-
ual astigmatism of <1.0D, postoperative refractive astigma-
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tism clearly demonstrated higher centroid values and an in-
creased prevalence of outliers (>1.0D) in the Vivity-group.
The sensitivity analysis without these >1.0D outliers indi-
cated comparable binocular visual acuity outcomes between
the groups, which emphasizes the importance of postopera-
tive residual astigmatism <1.0D on uncorrected visual acu-
ity outcomes. This is in line with previous research show-
ing that residual astigmatism of >1.0D significantly de-
creases UDVA. " In retrospect, targeting a residual astigma-
tism lower than the <1.0D aim might have been preferable
to limit the amount of residual postoperative astigmatism
due to the wide range and individual variability of SIA.'
Therefore, IOL calculations aiming for a residual postoper-
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FIGURE 3. Binocular contrast sensitivity outcomes at three months postoperatively in different conditions. A. Photopic conditions
without glare. B. Mesopic conditions without glare. C. Photopic conditions with glare. D. Mesopic conditions with glare.

ative astigmatism <0.75D may decrease the number of out-
liers > 1.0D of astigmatism and reduce the postoperative PE.
For both monofocal and EDOF IOLs, the impact of re-
fractive cylinder on UDVA shows a comparable change
of 0.0425 logMAR per 0.25D cylinder.”” Furthermore,
toric monofocal IOLs in patients with low preoperative
corneal astigmatism (0.75-1.5D) demonstrate significantly
reduced postoperative residual astigmatism, leading to im-
proved UDVA outcomes. Therefore, considering the use of
a toric IOL is suggested for preoperative astigmatism at or
above the 0.75D threshold.'® Studies involving presbyopia-
correcting IOLs also have recommended astigmatism cor-
rection >0.75D to ensure postoperative vision quality.!” In
our study, the IOLs of interest were expected to tolerate
<1.0D astigmatism, although scientific validation is lacking
for refractive EDOF IOLs. Previous research on the DFT015
has shown that low levels of induced ametropia (up to
+0.50D) are tolerated, with no significant difference in vi-
sual acuity compared to emmetropia (<1 line loss).'® Ad-
ditionally, another study has demonstrated a tolerance for
negative spherical aberrations up to -0.05 um, which does
not impact UDVA and may even provide slight improve-
ments in UNVA and UIVA."” Higher levels of ametropia
and spherical aberrations have not yet been reported.
Literature on the AN6V (41.5D addition) is limited.
The precursor of this IOL, the Lentis Comfort M15 IOL
(currently Teleon Surgical B.V., Spankeren, The Nether-
lands), features a sector-shaped near vision zone with a
+1.5D add power. When targeted for emmetropia, this
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IOL demonstrated monocular UDVA, UIVA and UNVA
outcomes at three months postoperatively, with values
of 0.12+0.13, 0.1640.17, and 0.3240.18 logMAR, re-
spectively.”’ Another study reported bilateral outcomes
for UDVA, UIVA, UNVA of 0.07+0.10, 0.2140.15, and
0.5340.15 logMAR at three months postoperatively.’!
Long-term results up to 5 years postoperatively showed sta-
ble distance and intermediate visual acuity.”” A prospec-
tive study involving the implantation of the AN6V (+1.5D
addition), targeted for emmetropia, reported binocular
UDVA, UIVA, and UNVA at three months of -0.08=+0.06,
-0.03+0.06, and 0.1640.06 logMAR, respectively. Addi-
tionally, the distance-corrected defocus curve demonstrated
a visual acuity of 0.20 logMAR or better within +1.50D
to -2.00D.?* Our results with the AN6V targeted for mini-
monovision, showed superior outcomes on all distances as
compared to the previous studies using the Lentis Com-
fort M15 IOL, but slightly lower visual acuity outcomes
and a narrower range of defocus (from +1.00D to -2.00D)
as compared to the previous prospective AN6V study. The
DFTO015 has demonstrated good results both when targeting
for emmetropia and mini-monovision.”>*>*% In our earlier
case series we bilaterally implanted DFT015 IOLs targeted
for mini-monovision and reported binocular UDVA of -
0.07£0.10, UIVA of 0.0440.09, and UNVA of 0.23+0.12
logMAR at three months.” These results were compara-
ble to those reported in the literature, which indicate that
DFTO015 implantation for mini-monovision provides good
UDVA and UIVA, as well as functional UNVA.?24:27-30 [
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the present study, the Vivity-group had a higher mean age
and postoperative residual astigmatism, which contributed
to inferior uncorrected visual acuity outcomes compared to
our previous case series. This difference may be attributed
to variations in corneal rigidity, which typically increases
with age.’!

Both study IOLs induced minimal or only occasional op-
tical disturbances. Previous results with the Lentis Comfort
M15 IOL showed that 9.1% of the eyes experienced dys-
photopsia at three months postoperatively.’! In an AN6V
cohort study, 15% of patients reported halos or starbursts,
and 20% reported glare.”’ In our study, the incidence of dys-
photopsia in the Vario-group was higher. However, it is im-
portant to note that the previous AN6V study used a differ-
ent questionnaire to assess these disturbances. The results
for the DFTO015 in the literature were comparable with our
findings, reporting an incidence of no halos, and no star-
bursts ranging from 53% to 94% and 78% to 100%, respec-
tively. Only the incidence of glare in our Vivity-group was
higher, with 13% of the patients reporting no glare, com-
pared to 53% to 97% in the literature.>>»7>24-26,32-36

While our study revealed a significantly greater range
of defocus in the Vario-group, no difference in specta-
cle independence was observed between the groups. Both
study-groups demonstrated similar results in terms of near
spectacle independence. A prospective study involving bi-
lateral AN6V implantation targeted for emmetropia re-
ports that 85% of the patients use reading glasses occasion-
ally or for prolonged reading.”” After DFT015 implanta-
tion, near vision spectacle independence ranges from 33%
to 87%.%2°?° Following DFT015 implantation targeted
for mini-monovision, only 32% of patients report com-
plete spectacle independence.’ Our findings aligned with
those from other EDOF studies, suggesting that while a
mini-monovision approach can improve spectacle indepen-
dence, it does not guarantee complete spectacle indepen-

dence.? %37 Therefore, patients should be carefully coun-

seled with respect to expectations of achieving full spectacle
independency when applying EDOF IOLs.

Despite randomization, the main limitation of this study
was the baseline imbalances between the groups, empha-
sizing the need for age stratification. Moreover, striving for
a lower postoperative residual astigmatism by taking into
account the wide individual variability in SIA, is crucial
to minimize refractive outliers as much as possible. In ad-
dition, patients were treated by multiple surgeons, which
could have led to bias. Lastly, it is important to note the
scarcity of cohorts focused on mini-monovision in the ex-
isting EDOF literature, which makes comparisons challeng-
ing.

In conclusion, the findings of this randomized con-
trolled trial illustrate that bilateral Acunex Vario IOL
(AN6V +1.5D addition) implantation offers non-inferior
visual outcomes compared to bilateral AcrySof IQ Viv-
ity IOL (DFT015) implantation, when targeted for mini-
monovision. Furthermore, the study reveals comparable vi-
sual quality and high levels of patient satisfaction in both
study groups.
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