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Purpose: The effect of residual astigmatism and its axis on distance and near visual acuities (VAs) with multifocal intraocular lenses
(IOLs) has not been studied extensively. This study compared the tolerance to experimentally induced residual astigmatism among
bifocal, trifocal, and extended depth-of-focus (EDOF) IOLs.

Patients and Methods: This retrospective, comparative study included 70 eyes of 70 patients implanted with bifocal, trifocal, or
EDOF IOLs. Distance and near VAs were assessed with experimentally induced astigmatism by placing positive cylindrical lenses in
increments of 0.50 diopters to 2.00 diopters at 90° and 180° axes over the best distance correction.

Results: Both distance and near VAs worsened with increasing magnitudes of experimentally induced astigmatism except in the
EDOF group, in which the near VA remained within a clinically acceptable limit, ie, within one line from the best corrected VA under
all ranges of experimentally induced astigmatism. Furthermore, the EDOF group showed the highest astigmatic threshold for losing
VA lines following experimental astigmatic induction at both distance and near. The distance VA was generally better at with-the-rule
(WTR) than against-the-rule (ATR) astigmatism for all three IOL groups. On the other hand, the near VA was generally better at WTR
than ATR astigmatism in the bifocal group, comparable between WTR and ATR astigmatism in the trifocal group, and generally better
at ATR than WTR astigmatism in the EDOF group.

Conclusion: The EDOF IOL demonstrated the highest tolerance to experimentally induced astigmatism at both distance and near. VA
was generally less affected by WTR astigmatism than ATR astigmatism, especially at distance. We proposed the residual astigmatism
thresholds for clinically acceptable VA reduction in all three IOL groups.
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Introduction

Due to their good visual outcomes and high possibilities of spectacle independence, leading to high patient satisfaction, '~
modern multifocal intraocular lenses (MIOLs) and extended depth-of-focus (EDOF) IOLs have gained in popularity in
the last two decades.’ However, residual refractive error, a major determinant of postoperative spectacle independence,
remains an issue regarding patient satisfaction.* ® Therefore, careful planning of the postoperative refraction is vital to
achieve excellent performance, particularly with MIOL implantation.

For patients with low or moderate corneal astigmatism, the use of toric MIOLs may be too costly, whereas clear
corneal incision could be less effective. In addition, it has been suggested that mild postoperative astigmatism may be
beneficial to near vision while preserving acceptable distance vision in eyes implanted with monofocal IOLs.”'* To
make an informed decision, surgeons should understand the tolerance to residual astigmatism of different types of
MIOLs and EDOF IOLs so as to achieve acceptable vision at various distances.
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In comparative studies that assessed the distance vision in eyes implanted with MIOLs, EDOF IOLs provided greater
tolerance to astigmatism than bifocal or trifocal IOLs,'! whereas bifocal IOLs were more tolerant than trifocal IOLs.'?
For near vision, trifocal IOLs were generally and slightly more tolerant to astigmatism than bifocal IOLs."?

The astigmatic axis might also play a role. Studies have suggested that with-the-rule (WTR) astigmatism is generally

more favorable than against-the-rule (ATR) astigmatism for distance vision in virgin eyes,'*"*

16,17

eyes with prior corneal
refractive surgery,'” and eyes implanted with monofocal IOLs, whereas the opposite is true for near vision in virgin
eyes'® and eyes implanted with monofocal IOLs.”*!” However, one study found no significant difference in effect of
residual astigmatism axis on distance vision.*°

Besides, these results may not be generalized to eyes implanted with MIOLs. One study reported that ATR
astigmatism resulted in greater reduction in distance visual acuity (VA) than WTR astigmatism for trifocal IOL.'®
Other studies have reported a similar reduction in distance VA between experimentally induced WTR and ATR
astigmatism for MIOLs,?° in particular bifocal, trifocal, and EDOF IOLs.!! Notably, these studies did not evaluate the
near vision. Overall, the benefit of targeting mild residual astigmatism at a particular axis to meet the visual demands of
individual patients appears conflicting.

Given that few comparative studies of MIOLs have simultaneously evaluated the effect of residual astigmatism on distance
and near vision and that they have focused only on ATR astigmatism,'**'~* we compared the effect of residual astigmatism

and its axes (ATR vs WTR) on both distance and near vision among bifocal, trifocal, and EDOF IOLs in this study.

Materials and Methods

Patients and Intraocular Lenses

This retrospective, comparative case series included patients who underwent cataract surgery or refractive lens exchange
with unilateral or bilateral implantation of one of the following MIOLs at the Hong Kong Sanatorium & Hospital:
TECNIS ZMBO00 (Johnson & Johnson Vision, Santa Ana, CA, USA) [bifocal group]; FineVision Pod F (Physiol, Liége,
Belgium) and FineVision Pod FT (Physiol) [trifocal group]; LENTIS Comfort (LS-313 MF15) (Teleon Surgical BV,
Spankeren, the Netherlands), LENTIS Comfort Toric (LS-313 MF15Tx) (Teleon Surgical BV), and LENTIS Mplus toric
(LU-313 MF15T) (Teleon Surgical BV) [EDOF group].

The inclusion criteria were age of 40 years or older, postoperative corrected distance VA of 20/25 or better, and
postoperative follow-up period of 28 days or longer. The exclusion criteria were the presence of any systemic or ocular
disease that might affect vision, use of systemic or ocular medications that might affect vision, history of corneal
refractive surgery, and presence of intraoperative complications.

The bifocal IOL used in this study is diffractive and provides +4.00 diopters (D) of near addition (~+3.20 D at the spectacle
plane). Light energy is distributed symmetrically between the distance and near foci and is independent of pupillary size.

The trifocal IOL is diffractive and provides a near addition of +3.50 D (~ +2.80 D at the spectacle plane) and an
intermediate addition of +1.75 D (~ +1.40 D at the spectacle plane). The light energy is distributed to the distance,
intermediate, and near foci by 42%, 15%, and 29%, respectively. The toric version was also included.

The EDOF IOL is rotationally asymmetric and refractive. It contains an aspheric distance zone and a sector-shaped
near zone of +1.50 D near addition (~ +1.20 D at the spectacle plane) with a transition zone for intermediate vision. The
two toric versions were also included in this study, with one allowing spherical and cylindrical power being customized
to the nearest 0.01 D.

Surgical Technique

One surgeon performed all surgeries. A keratome was used to create a 2.25-mm clear corneal incision either superiorly or
temporally. DisCoVisc ophthalmic viscosurgical device (Alcon Laboratories Inc., Fort Worth, TX, USA) was injected
into the anterior chamber, and a manual continuous curvilinear capsulorhexis was made. Coaxial phacoemulsification
was performed after hydrodissection and nuclear splitting. The residual cortex was irrigated and aspirated. Posterior
capsule was polished using a coaxial system. All IOLs were placed into the capsular bag.

140 https: Clinical Ophthalmology 2024:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Chang et al

Preoperative and Postoperative Examination
Preoperatively, all patients underwent a comprehensive ophthalmic assessment, including history taking, VA, biometry,
and ocular health examination.

Follow-up visits were scheduled for postoperative 1 day, 1 week, 1 month, and 3 months. The outcome measures
included uncorrected distance and near VAs, non-cycloplegic subjective refraction, and distance-corrected VA with and
without experimentally induced astigmatism at distance and near. The near viewing distance was 30 cm for the bifocal
and trifocal groups, and 40 cm for the EDOF group.

Near VA was measured using the SLOAN Two-Side Early Treatment Diabetic Retinopathy Study Format Near Vision
Chart (Precision Vision, La Salle, IL, USA). Because this chart is designed for a viewing distance at 40 cm, the actual
near VAs for the bifocal and trifocal groups were calculated by the visual angle subtended. All vision tests were
performed under photopic condition at 85 candelas/m?.

Simulation of Residual Astigmatism

Older patients usually have ATR astigmatism.*® In contrast, patients undergoing refractive lens exchange for presbyopia
correction are usually younger and tend to have WTR astigmatism. As such, we considered only the effect of residual
WTR and ATR astigmatism. We simulated residual astigmatism by experimentally inducing cylindrical lenses over the
eyes. 12102122 AT] patients were best corrected at distance before simulation of the residual astigmatism, which was
accomplished by placing positive cylindrical lenses from 0.50 diopter of cylinder (DC) to 2.00 DC in 0.50 DC steps at
180° and 90° axes to mimic simple myopic WTR and ATR astigmatism, respectively. We defined clinically acceptable
reduction in vision as loss of no more than one line of VA from the best-corrected VA.

Statistical Analysis
In general, one eye was randomly chosen for analysis for patients with bilateral implantation. However, due to the lower
implantation rate of trifocal IOLs compared to other IOL types, the eye implanted with trifocal IOL was chosen for
analysis when the other eye was implanted with a bifocal or EDOF IOL.

All VAs were converted to the logarithm of minimum angle of resolution (logMAR) for statistical analysis.

Normality of data was checked using Shapiro—Wilk test. Patient demographics between IOL groups were compared using
one-way analysis of variance with Bonferroni-corrected independent #-test, except for IOL cylindrical power with indepen-
dent t-test, which involved only two IOL groups. The differences in VA between experimentally induced ATR and WTR
astigmatism for each DC for each IOL group and the difference in VA reduction for each condition of experimentally induced
astigmatism between distance and near were assessed using paired #-test. The differences in VA reduction from plano for
each condition of experimentally induced astigmatism among the three IOL groups were assessed using one-way analysis of
variance and post-hoc pairwise analysis using the Bonferroni-corrected independent #-test.

A corresponding alternative statistical test was used when there was a violation in statistical assumption.

A p-value <0.05 was considered statistically significant. All statistical analyses were performed using SPSS (version
25.0, SPSS Inc.).

Ethics Approval

The research ethics committee of Hong Kong Sanatorium & Hospital approved the study, which adhered to the tenets of
the Declaration of Helsinki. Patient consent was waived due to the retrospective nature of the study. Patient’s personal
information was maintained with confidentiality.

Results
This study included 70 eyes of 70 patients (31 men [44%]; mean age, 59.6+7.0 years; range, 47 to 78 years). The bifocal,
trifocal, and EDOF groups comprised 25, 23, and 22 eyes, respectively.

Table 1 shows the patient demographics overall and by IOL group. Patients in the EDOF group were significantly
older at surgery than those in the bifocal and trifocal groups. The EDOF group had a greater proportion of men than the
bifocal group. The follow-up period was significantly longer in the bifocal group than the trifocal and EDOF groups.
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Table | Patient Demographics (70 Eyes of 70 Patients)

Parameter Bifocal IOL (25 Eyes) Trifocal IOL (23 Eyes) EDOF IOL (22 Eyes) All (70 Eyes) p value for Post-hoc Analysis®
Difference
Mean | SD Range Mean | SD Range Mean | SD Range Mean Range
Between IOL
Groups

Age at surgery (years) 58.0 6.4 49, 76 57.6 6.3 47,72 63.5 7.0 51,78 59.6 47,78 0.005 EDOF > Bifocal; EDOF > Trifocal
Men: n (%) 6 (24%) 11 (48%) 14 (64%) 0.022 EDOF> Bifocal
IOL power (diopters)

Spherical equivalent 17.4 52 | 65,255 153 | 69 6, 26 159 | 64 1.5, 26 16.0 1.5, 26 0.500

Cylinder - - - 1.5 0.0 1.5, 1.5 1.0 0.6 03,35 1.7 03,35 0.441
Follow-up period 220 | 238 | 25,950 4.8 25 1.0, 9.7 5.4 4.1 1.2, I5.5 .1 1.0, 95.0 0.001 Bifocal > Trifocal; Bifocal >
(months) EDOF

Note: *Unpaired t-test with Bonferroni correction.

Abbreviations: EDOF, extended depth-of-focus; IOL, intraocular lens; SD, standard deviation.
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Table 2 Postoperative Refraction and Distance-Corrected Visual Acuity at Distance and Near

Parameter Bifocal IOL (25 eyes) Trifocal IOL (23 eyes) EDOF IOL (22 eyes) All (70 eyes) p-value for Post-hoc Analysis®
Difference
Mean | SD Range Mean | SD Range Mean | SD Range Mean | SD Range
Between IOL
Groups

Refraction (diopters)

Sphere —-0.16 | 0.52 | -1.50,0.75 | 0.00 | 0.38 | —0.50, 1.00 | -0.27 | 0.74 | —2.00, 1.00 | —0.14 | 0.57 | —2.00, 1.00 0.664*

Cylinder 0.25 | 0.36 | 0.00, 1.25 0.38 | 0.35 | 0.00, 1.00 0.30 | 031 | 0.00, 0.75 0.31 0.34 | 0.00, 1.25 0.266*

Spherical equivalent —0.04 | 047 | -1.50,0.75 | 0.19 | 043 | —0.38, 1.50 | —0.13 | 0.66 | —1.63, 1.00 | 0.0l 0.53 | —1.63, 1.50 0.321*
Distance-corrected VA
(logMAR)

Distance —0.04 | 007 | -0.12,0.10 | —0.02 | 0.06 | —0.10,0.14 | -0.02 | 0.07 | —0.12,0.10 | —0.02 | 0.07 | —0.12, 0.14 0.540

Near 0.17 | 0.09 | 0.03, 043 0.21 0.10 | 0.07,0.47 032 | 0.12 | 0.10, 0.54 023 | 0.12 | 0.03,0.54 <0.001* Bifocal > EDOF; Trifocal

> EDOF

Note: *Dunn’s test.

Abbreviations: |OL, intraocular lens; logMAR, logarithm of the minimum angle of resolution; SD, standard deviation; EDOF, extended depth-of-focus; VA, visual acuity.
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Table 2 shows the postoperative refraction and distance-corrected VAs overall and by IOL group. The postoperative
refractions (sphere, cylinder, and spherical equivalent) and corrected distance VAs did not differ significantly among the
groups. The distance-corrected near VAs were significantly better in the bifocal and trifocal groups than the EDOF group.

Effect of Astigmatism Magnitude

Figure 1 shows the comparison of the reduction in VA from plano under different conditions of experimentally induced
astigmatism among the IOL groups. The distance VA worsened with increasing magnitude of experimentally induced
astigmatism in all three IOL groups, with more remarkable VA reduction in the bifocal group than the EDOF group
(Figure 1A). The near VA worsened with increasing magnitude of experimentally induced astigmatism in the bifocal and
trifocal groups only (Figure 1B). The near vision in the EDOF group remained within the clinically acceptable reduction in VA
for all ranges of experimentally induced astigmatism magnitudes and axes. In all three IOL groups, the VA reduction for all
experimentally induced astigmatism magnitudes was more pronounced at distance than near (p<0.05) except with WTR
astigmatism of 0.50 DC in the bifocal group, and WTR astigmatism of 0.50 DC and 1.00 DC in the trifocal group.

Effect of Astigmatism Axis

The distance VA was generally better with WTR than ATR astigmatism for all three IOL groups (Figure 2A-C). The near VA was
generally better with WTR than ATR astigmatism in the bifocal group (Figure 2D), comparable between WTR and ATR
astigmatism in the trifocal group (Figures 2E), and generally better with ATR than WTR astigmatism in the EDOF group
(Figure 2F).

Astigmatic Threshold for Acceptable Vision

Table 3 and Table 4 show the astigmatic thresholds for clinically acceptable reduction in VA by IOL group and the axis
of experimentally induced astigmatism. The EDOF group showed the highest astigmatic thresholds at distance (Table 3)
and near (Table 4), with a higher threshold at near than distance.

Discussion

Our study showed that experimentally induced residual astigmatism had a clinically significant impact on the distance VA in
all three IOL groups. In contrast, residual astigmatism adversely affected the near VA mainly in the bifocal and trifocal IOL
groups but improved the near VA in the EDOF IOL group. ATR astigmatism had a greater adverse effect than WTR
astigmatism on distance VA with all IOL types and on near VA with bifocal IOL only. An opposite trend was observed for
near vision with the EDOF IOL.

L A Simulated astigmatism (cylinder axis/ cylinder diopter) B ‘ Simulated astigmatism (cylinder axis/ cylinder diopter)
ATR/ ATR/ ATR/ ATR/ WTR/ WTR/ WTR/ WTR/ ATR/ ATR/ ATR/ ATR/ WTR/ WTR/ WTR/ WTR/
2.00 1.50 1.00 0.50 0.50 1.00 1.50 2.00 2.00 1.50 1.00 0.50 0.50 1.00 1.50 2.00

-@-Bifocal

-&-Trifocal

+-Extended depth-of-focus
Clinically acceptable reduction in vision

—e-—Bifocal
—&—Trifocal
+—Extended depth-of-focus
Clinically acceptable reduction in vision

Change in visual acuity (number of lines)
&

Change in visual acuity (number of lines)
=+

Figure | The reductions in visual acuities (VAs) from plano under different conditions of experimentally induced astigmatism at distance (A) and near (B). The dotted line
indicates the astigmatic threshold for clinically acceptable reduction in vision. The asterisks (¥) and daggers () denote a significant difference in VA reduction between
bifocal/extended depth-of-focus and trifocal/extended depth-of-focus intraocular lens groups, respectively. Data on distance VAs was unavailable for || eyes (44%) in the
bifocal group under experimentally induced against-the-rule (ATR) astigmatism of 2.00 diopter of cylinder (DC); | (4%) and 4 eyes (17%) in the trifocal group under
experimentally induced with-the-rule (WTR) and ATR astigmatism of 2.00 DC respectively. Data on near VAs was unavailable for 9 eyes (36%) and | eye (4%) in the bifocal
group under experimentally induced ATR astigmatism of 2.00 DC and all other magnitudes respectively; 2 (9%) and 5 (22%) eyes in the trifocal group under experimentally
induced WTR and ATR astigmatism of 2.00 DC, respectively; | eye (4%) in the trifocal group under experimentally induced WTR and ATR astigmatism of 0.50, 1.00, and
1.50 DC.
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Figure 2 Comparisons of visual acuities (VAs) under different magnitudes of experimentally induced astigmatism between with-the-rule (WTR) and against-the-rule (ATR)
axes for each intraocular lens group at distance (A-C) and near (D-F). The asterisks (*) denote a significant difference between the WTR and ATR astigmatism. Data on
distance VAs was unavailable for | | eyes (44%) in the bifocal group under experimentally induced ATR astigmatism of 2.00 diopter of cylinder (DC); | (4%) and 4 eyes (17%)
in the trifocal group under experimentally induced WTR and ATR astigmatism of 2.00 DC respectively. Data on near VAs was unavailable for 9 eyes (36%) and | eye (4%) in
the bifocal group under experimentally induced ATR astigmatism of 2.00 DC and all other magnitudes respectively; 2 (9%) and 5 (22%) eyes in the trifocal group under
experimentally induced WTR and ATR astigmatism of 2.00 DC, respectively; | eye (4%) in the trifocal group under experimentally induced WTR and ATR astigmatism of
0.50, 1.00, and 1.50 DC.

Discussion of Findings and Comparison to the Literature

The overall better distance visual performance with WTR than ATR astigmatism in all three IOL groups in our study agrees
with previous studies of virgin eyes,'* post-LASIK eyes,'> pseudophakic monofocal and multifocal-implanted eyes.'®'” This
may be explained in part by the Conoid of Sturm principle, whereby in eyes with simple myopic WTR astigmatism, the
image is focused on the vertical focal line on the retina when viewing a distant object. Since the alphabet optotype used in our
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Table 3 Astigmatic Threshold for Clinically Acceptable Reduction in Distance Visual Acuity

Reduction in Visual Acuity (Line) Astigmatic Threshold (Diopter of Cylinder)

Bifocal IOL (25 Eyes) | Trifocal IOL (23 Eyes) | EDOF IOL (22 Eyes)

WTR ATR WTR ATR WTR ATR

Distance (<1) 0.7 0.5 0.7 0.5 1.0 0.7

Abbreviations: ATR, against-the-rule; WTR, with-the-rule; EDOF, extended depth-of-focus; IOL, intraocular lens.

Table 4 Astigmatic Threshold for Clinically Acceptable Reduction in Near Visual Acuity

Reduction in Visual Acuity (Line) Astigmatic Threshold (Diopter of Cylinder)
Bifocal IOL (25 Eyes) | Trifocal IOL (23 Eyes) | EDOF IOL (22 Eyes)
WTR ATR WTR ATR WTR ATR
Near (<I) 1.3 1.0° 0.9* 1.0° >2.0 >2.0

Note: *Data was unavailable for | eye (4%).
Abbreviations: ATR, against-the-rule; WTR, with-the-rule; EDOF, extended depth-of-focus; IOL, intraocular lens.

study had more prominent vertical than horizontal strokes, the image was sharper in eyes with WTR astigmatism than those
with ATR astigmatism. However, previous studies have reported no significant difference in the impact of astigmatic axis on

924726 or eyes implanted with monofocal IOLs”'**° or MIOLs.'"-*°

virgin eyes

For near vision, our results showed that VA with WTR astigmatism was significantly better than ATR
astigmatism with bifocal IOL. However, no previous study has assessed the impact of astigmatism axis on near
vision in eyes implanted with bifocal IOLs. On the other hand, near VA was similar between WTR and ATR
astigmatism with trifocal IOLs, which is in line with studies on virgin eyes®’"*® and a study on eyes implanted
with EDOF TOL.*® However, for EDOF IOLs, near VA was significantly better with ATR than WTR astigmatism,
which agrees with one study on virgin eyes'® and few studies on monofocal IOLs.”*!%19-3% The difference in
astigmatism’s impact on near vision between IOLs might be due to the different lens design.

The greater VA reduction with experimentally induced astigmatism at distance than at near in all three IOL groups
was consistent with the findings reported in virgin eyes,” eyes implanted with monofocal, bifocal, and trifocal IOLs.'***

The tolerance to astigmatism was the highest with the EDOF IOL at both distance and near. This is consistent with the
findings reported by Carones.!' We also found that the impact of experimentally induced astigmatism was generally
similar between the bifocal and trifocal groups. In contrast, Hayashi et al'*> and Carones'' reported that bifocal IOL
(ReSTOR +2.0 D and +3.0 D, Alcon Laboratories Inc.) was less affected by experimentally induced astigmatism than
trifocal IOL (PanOptix, Alcon Laboratories Inc.). Their opposite findings might be due to the different IOL models
studied in our study.

The astigmatic thresholds for different types of MIOLs have been reported previously.'''*'%2122 Dye to the
varied definitions of astigmatic thresholds among studies, we present the results of studies with similar definitions
to our study in Table 5.'"'%'® With trifocal IOLs, our astigmatic threshold was generally similar to those reported
in other studies.'"'*'® With bifocal IOL, our threshold (<0.50 DC) was similar to> or lower than'? other studies.
This might be due to the more stringent threshold in our study (reduction of <1 line from the best-corrected VA)
compared to the threshold (VA of 20/32 or better) used by Hayashi et al.'*> With the EDOF IOL, we found
a notably high threshold exceeding 2.00 DC for near vision. However, we could not identify any study that
assessed the near threshold of EDOF IOLs. Our threshold for distance vision with the EDOF IOL (<0.70 DC) was
slightly lower than that of Carones (<1.00 DC), possibly due to the use of different IOL models."
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Table 5 Astigmatic Threshold of Multifocal Intraocular Lens in Other Studies and in the Current Study
[o] Study 1oL Axis Testing Distance Definition of Cylinder
Type Threshold Threshold
Bifocal Hayashi et al’ Alcon ReSTOR +3 D ATR Distance, 5 m, 3 m, 2 m, 100 cm, | 0.20 logMAR (20/32) at <1.00 DC
70 cm, 50 cm, 30 cm, 20 cm all distances
Carones® Alcon ReSTOR +2.5 WTR, ATR Distance Around 0.75 in decimal <0.75 DC
Dand +3 D (20/27)
Current study Johnson & Johnson WTR, ATR Distance, 30 cm Reduction of <I line ATR: <0.50 DC;
Vision Tecnis ZMB00 from best-corrected VA Distance: <0.50
DC
Trifocal Hayashi et al’ Alcon PanOptix ATR Distance, 5m, 3m, 2m, 100cm, 0.20 logMAR (20/32) at <0.75 DC
70cm, 50 cm, 30 cm, 20 cm all distances
Carones® Alcon PanOptix WTR, ATR Distance Around 0.75 in decimal <0.50 DC
(20/27)
Ang'? Physiol FineVision WTR, ATR, Distance Reduction of <1 line <0.70 DC
OBL from best-corrected VA
Ang" Carl Zeiss AT Lisa | WTR, ATR, Distance Reduction of <I line <0.70 DC
OBL from best-corrected VA
Current study Physiol FineVision WTR, ATR Distance, 30 cm Reduction of <1 line ATR: £0.50 DC;
from best-corrected VA Distance: <0.50
DC
EDOF Carones® Johnson & Johnson WTR, ATR Distance Around 0.75 in decimal <1.00 DC
Vision Tecnis Symfony (20/27)
Current study Teleon Surgical WTR, ATR Distance, 40 cm Reduction of <1 line Distance: <0.70
LENTIS Comfort from best-corrected VA DC

Abbreviations: ATR, against-the-rule; DC, diopter of cylinder; IOL; intraocular lens; logMAR, logarithm of the minimum angle of resolution; OBL, oblique; VA, visual acuity;
WTR, with-the-rule.

Clinical Implications
Our results may aid preoperative planning if surgeons wish to leave mild residual WTR or ATR astigmatism according to
patients’ visual demands and the type of MIOL being implanted.

When the IOL cylindrical power is unavailable in precise increments or if different IOL formulas or biometers give
different results, targeting mild postoperative residual WTR astigmatism (<0.50 DC) would be more desirable for bifocal
and trifocal IOLs because it could offer better distance vision and similar or better near vision compared to mild ATR
astigmatism. For EDOF IOLs, surgeons may consider targeting mild ATR astigmatism (<0.50 DC) especially when the
patient has a greater visual demand at near than distance, because it provided better near VA while offering similar
distance vision when compared to mild WTR astigmatism.

If monovision is planned for bilateral implantation with an EDOF IOL, surgeons may allow more postoperative
astigmatism (especially ATR astigmatism) in eyes targeting myopia. Although this can lead to worsened distance VA in
the eye targeting myopia, the binocular distance VA should only be minimally affected.®' >

Surgeons should also take into account the type of MIOL when deciding whether to leave the corneal astigmatism
untreated (ie, using a non-toric IOL). Due to the higher tolerance to residual astigmatism with EDOF IOL, surgeons may offer
a non-toric IOL to candidates for implantation of EDOF IOL even if they have moderate corneal astigmatism. However, the
possible advantages and disadvantages of the non-toric option should be thoroughly explained to patients preoperatively.

Study Limitations

Our study has several limitations. First, the increment of the astigmatic simulation was 0.50 DC, which might have
yielded a less precise astigmatic threshold. However, a finer step with 0.25 DC would significantly lengthen the
examination time, causing patient fatigue. Second, not all the bifocal, trifocal, or EDOF IOLs have the same design.
Our results may not be generalized to other IOLs of the same type. Third, oblique astigmatism was not evaluated because
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it was less commonly seen in cataract surgery planning and also significantly increased examination time. Future

studies may include oblique astigmatism for comprehensiveness.

Conclusions

In conclusion, at both distance and near, the EDOF IOL provided the highest tolerance to experimentally induced
astigmatism, whereas the bifocal and trifocal IOLs performed similarly. The EDOF IOL provided a slight improvement
in near vision, especially with ATR astigmatism. For all three IOL types, the distance vision was generally less affected
by WTR astigmatism than ATR astigmatism. The near vision was less adversely affected by WTR astigmatism for the
bifocal IOL, but less adversely affected by ATR astigmatism for the EDOF IOL, and affected in a similar extent by WTR
and ATR astigmatisms for the trifocal IOL. The distance vision was generally more affected by astigmatism than the near
vision with all three IOL types. Our study reported the astigmatic threshold for clinically acceptable vision for all three
IOLs. Surgeons may target mild-to-moderate residual WTR or ATR astigmatism based on the patients’ visual demand
and the type of MIOL being implanted.
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