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Purpose: Validate a novel approach for assessing residual astigmatism’s impact on visual acuity in pseudophakic patients using
defocus curves and spherical equivalent compensation.

Materials and Methods: Thirteen patients over 40 with cataracts and normal ophthalmological examinations were enrolled in
a prospective, non-randomized cohort study. The defocus curve method was employed, wherein visual acuity was measured with
spherical lenses ranging from —2.50 to +2.50 diopters in 0.5 diopter increments based on subjective refraction. Cylindrical lenses (+1,
+2, and +3 diopters) were introduced at each spherical diopter’s 90° and 180° axes. Curves’ results were compared at each defocus
point to assess the impact of astigmatism. The Kruskal-Wallis test was used to determine if astigmatism significantly affected visual
acuity post-phacoemulsification surgery with intraocular lens implantation.

Results: Significant p-values were observed only for defocus curve points of —0.5, 0, +0.5, and +1, indicating rejection of the
hypothesis of no difference between the 90° and 180° groups at these points. Although statistical significance was not achieved, the
against-the-rule (ATR) group was inclined toward improved near and intermediate visual acuity. In contrast, the with-the-rule (WTR)
group tended to enhance distance visual acuity and myopic tolerance.

Conclusion: This novel methodology is both reproducible and valuable. It offers potential insight into residual astigmatism tolerance
in pseudophakic patients. Its application may aid in surgical planning and intraocular lens decision-making.
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Introduction

Astigmatism assessment and treatment at the time of cataract surgery can impact both objective and subjective outcomes.
Toric intraocular lenses are the most common technology used in this manner. However, even with modern corneal pre-
operative analysis (eg Placido topography, Scheimpflug tomography, multi-spot central reflectometry), residual refractive
astigmatism still poses a challenge in many patients. A recent meta-analysis showed that residual astigmatism of 0.50
diopters or less varied from 45% to 85% of cases. This range of outcomes is likely influenced by factors such as tear film
abnormalities, corneal high-order aberrations and IOL tilt — elements that are not entirely within the surgeon’s control.
Therefore, IOLs that ensure optimal visual quality, even with some remaining astigmatism, are desirable.'

Residual astigmatism poses a significant challenge in achieving optimal visual outcomes with intraocular lenses
(IOLs). Defocus curves have become an invaluable tool for assessing the performance of presbyopia-correcting IOLs
across multiple focal points, providing insights into how astigmatism impacts visual acuity at various distances. This
methodology is particularly beneficial for evaluating cases where residual astigmatism persists after surgery, allowing for
informed decisions regarding the need for further correction.

Modern cataract surgery aims to both restore vision by replacing the opaque lens and achieve precise refractive
outcomes. With the introduction of toric lenses and arcuate incisions, it is crucial to have a method to assess tolerance to
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residual astigmatism. This evaluation helps guide decisions on whether to perform additional procedures or leave small
amounts of residual against-the-rule (ATR) or with-the-rule (WTR) astigmatism, depending on the patient’s specific
needs.

This study aims to validate a new methodology for evaluating the impact of residual astigmatism in pseudophakic
patients. It employs the astigmatic defocus curve with spherical equivalent compensation.

Materials and Methods
This prospective and non-randomized cohort study included thirteen patients older than 40 with a normal ophthal-
mological examination besides senile cataracts. Although the study was non-randomized, all procedures were
standardized and performed under identical conditions to minimize bias, and the defocus curve was performed by
the same surgeon for all patients. It was conducted within the Department of Cataract at the Hospital Oftalmologico
de Brasilia (HOB). Before surgery, written informed consent was secured from all patients, and the study received
approval from ethics committee of HOB - Hospital Oftalmologico de Brasilia (approval code:
42915320.3.0000.5667).

All procedures adhered rigorously to the ethical standards the responsible human experimentation committee set forth
and followed the principles outlined in the Helsinki Declaration.

Preoperative Evaluation and Patient Selection
Patients were recruited for this study from only one site between September 2018 and December 2018.

We allowed a two-minute interval between each lens measurement to avoid carryover effects and ensure that
responses were independent of previous lens trials.

Inclusion Criteria

Patients who underwent bilateral phacoemulsification surgery with a monofocal lens implant (Sensar AR40,
Johnson & Johnson, News Brunswick, USA) with residual refractive astigmatism of less than 0.50D in both
eyes.

Exclusion Criteria

Patients with a history of ocular surgery, central endothelial cell count <2000 cells/mm?2, glaucoma with
intraocular pressure >21 mmHg, amblyopia, retinal abnormalities, ongoing steroid or immunosuppressive treat-
ment, connective tissue diseases, or those who had experienced complicated cataract surgery, such as posterior
capsule rupture, vitreous loss, or incorrect positioning of the IOL within the capsular bag, as well as individuals
with irregular astigmatism or keratoconus, were excluded. Residual refractive astigmatism of more than 0.50D
after PHACO.

Study Lens
(Sensar AR40, Johnson & Johnson, News Brunswick, USA).

Preoperative Evaluation
All patients underwent a comprehensive ophthalmological examination, including auxiliary examinations such as IOL
Master 700 (Zeiss, Germany), OPD Scan (NIDEK, Japan), and Pentacam (Oculus, Germany).

Surgical Procedures

All surgeries were consistently performed by the same skilled surgeon following established protocols.
Phacoemulsification surgery was performed via a temporal clear corneal incision, and a foldable posterior chamber
IOL was inserted into the capsular bag. The surgeries used the Centurion phacoemulsification device (Alcon,
Texas, USA).
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Defocus Curve
Only one eye per patient was included. Eye dominance was tested using the Dolman method, and the dominant eye was
selected. Astigmatic defocus was induced over the manifest distance refraction with negative refractive cylinders (CYL)
from —0.50 to —1.50 D in 0.50 D steps at two orientations of the axis (0 and 90 degrees) to induce against the rule
astigmatism (ATR) and with the rule astigmatism (WTR) simple hyperopic astigmatism, respectively. The defocus curves
were obtained in corrected distance visual acuity with the Early Treatment Diabetic Retinopathy Study (ETDRS) reading
charts, at intervals of 0.50 spherical diopters from —3.00D to +2.00D associated with astigmatism induced (astigmatic
defocus).

The spherical equivalent of the original refraction was respected for the defocus curve with cylindrical lenses. So, for
each —0.50 added in cylindrical diopters, +0.25 was added in the spherical component.

No control group was included in this preliminary study. However, the defocus curve measurements were repeated
twice for each patient, showing consistent results across repetitions and confirming the repeatability of our procedures.

Although this was a non-randomized study, all measurements were standardized and performed under identical
conditions to minimize bias.

Statistical Analysis
Statistical analysis was performed using SPSS (Version 24.0 for Windows; IBM, Armonk, NY). The normality of the
data distribution was assessed using the Kolmogorov—Smirnov test. Parametric analysis was conducted when applic-
able, utilizing Fisher’s exact test. The Kruskal-Wallis test assessed whether astigmatism significantly affected the
quality of the patient’s visual acuity following phacoemulsification surgery with intraocular lens implantation.
Subsequently, the Nemenyi test, a multiple comparison test for non-parametric data, was utilized to identify group
differences.

The sample size of 13 patients was deemed adequate to detect a medium-to-large effect size (DZ=0.66) with
a significance level of 5% for a one-tailed test and a statistical power of 0.8 (type II error <20%). A sensitivity analysis
was conducted using GPower 3.1VR software.

Results

The p-value results were statistically significant solely for the defocus curve points of —0.5, 0, +0.5, and +1. Therefore, at
these particular points, we can reject the null hypothesis, suggesting no difference between the WTR and ATR groups
(Table 1 and Figure 1).

Table | Descriptive Statistics for Induced Astigmatism and Defocus Curves in WTR and ATR Astigmatism

Defocus Group N(eyes) | Medium | Median Standard Standard | Minimum | Maximum p-value
Curve Deviation Error

-25 0a90° 6 0.57 0.59 0.11 0.04 0.42 0.70 0.8085
-25 +12a90° 6 0.63 0.66 0.14 0.06 0.40 0.76

-25 +22a90° 6 0.60 0.58 0.14 0.06 0.46 0.86

-2.5 +32a90° 6 0.47 0.50 0.17 0.07 0.20 0.64

-2.5 0a 180° 7 0.58 0.60 0.12 0.05 0.40 0.80

-2.5 +1a 180° 7 0.54 0.60 0.17 0.06 0.24 0.72

-2.5 +2a 180° 7 0.58 0.58 0.10 0.04 0.40 0.70

-2.5 +3a180° 7 0.60 0.60 0.18 0.07 0.38 0.90

(Continued)
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Table | (Continued).

Defocus Group N(eyes) | Medium | Median Standard Standard | Minimum | Maximum p-value
Curve Deviation Error

-2 0a90° 6 0.52 0.53 0.08 0.03 0.40 0.62 08118
-2 +1a90° 6 0.50 0.57 0.18 0.07 0.20 0.66

-2 +2a 90° 6 0.42 0.47 0.18 0.07 0.10 0.58

-2 +3290° 6 0.40 0.47 0.19 0.08 0.10 0.60

-2 0a 180° 7 0.50 0.46 0.18 0.07 0.32 0.74

-2 +1 a 180° 7 0.43 0.40 0.19 0.07 0.20 0.74

-2 +2a 180° 7 0.47 0.50 0.14 0.05 0.20 0.60

-2 +3a 180° 7 0.52 0.60 0.22 0.08 0.22 0.82

-1.5 0a90° 6 0.37 0.33 0.08 0.03 0.30 0.50 0.7535
-1.5 +1 2 90° 6 0.35 0.35 0.10 0.04 0.22 0.46

-1.5 +2a 90° 6 0.26 0.28 0.16 0.06 0.00 0.42

-1.5 +3a90° 6 0.36 041 0.20 0.08 0.04 0.62

-1.5 0a I80° 7 0.33 0.22 0.19 0.07 0.20 0.60

-1.5 +1 a 180° 7 0.35 0.36 0.09 0.04 0.22 0.50

-1.5 +2a 180° 7 0.37 0.30 0.17 0.07 0.22 0.62

-1.5 +3a 180° 7 0.45 0.50 0.22 0.08 0.16 0.72

-1 0a90° 6 0.23 0.24 0.12 0.05 0.08 0.40 0.1228
-1 +1 2 90° 6 0.15 0.22 0.15 0.06 —-0.06 0.30

-1 +2290° 6 0.25 0.24 0.15 0.06 0.10 0.44

-1 +3290° 6 0.37 0.40 0.15 0.06 0.10 0.52

-1 0a 180° 7 0.21 0.16 0.14 0.05 0.10 0.44

-1 +1 a 180° 7 0.27 0.28 0.09 0.03 0.12 0.38

-1 +2a 180° 7 0.33 0.26 0.13 0.05 0.20 0.50

-1 +3a 180° 7 0.38 0.36 0.16 0.06 0.16 0.60

-05 0a90° 6 0.11 0.09 0.13 0.05 —0.02 0.30 0.0028
-0.5 +1a90° 6 0.10 0.06 0.13 0.05 —0.04 0.30 (<0.0n)
-0.5 +2290° 6 0.23 0.20 0.15 0.06 0.08 0.42

-0.5 +32a90° 6 0.34 0.35 0.11 0.04 0.18 0.46

-0.5 0a 180° 7 0.05 0.02 0.07 0.03 0.00 0.18

-0.5 +1 a 180° 7 0.13 0.10 0.08 0.03 0.00 0.20

-0.5 +2a 180° 7 0.26 0.22 0.14 0.05 0.10 0.50

-0.5 +3a 180° 7 0.30 0.28 0.18 0.07 0.08 0.60

(Continued)
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Table | (Continued).

Defocus Group N(eyes) | Medium | Median Standard Standard | Minimum | Maximum p-value

Curve Deviation Error

0 0a90° 6 —-0.13 -0.17 0.10 0.04 —0.26 0.00 0.000004

0 +1a90° 6 0.08 0.05 0.06 0.03 0.04 0.20 (<o.0h)

0 +22a90° 6 0.27 0.27 0.12 0.05 0.10 0.42

0 +32a90° 6 0.37 0.37 0.17 0.07 0.20 0.54

0 0a 180° 7 —-0.06 -0.04 0.10 0.04 -0.20 0.08

0 +1 a 180° 7 -0.01 -0.02 0.08 0.03 -0.10 0.10

0 +2a 180° 7 0.15 0.12 0.12 0.05 0.02 0.32

0 +3a 180° 7 0.26 0.24 0.18 0.07 0.04 0.60

0.5 0a90° 6 0.00 -0.05 0.23 0.10 -0.26 0.40 0.00012

0.5 +12a90° 6 0.15 0.17 0.13 0.05 -0.06 0.30 (co.0h)

0.5 +2 2 90° 6 0.30 0.29 0.12 0.05 0.16 0.48

0.5 +3a90° 6 0.42 0.47 0.16 0.06 0.14 0.56

0.5 0a 180° 7 0.03 0.02 0.07 0.03 —0.10 0.10

0.5 +1 a 180° 7 0.01 0.00 0.10 0.04 —0.08 0.16

0.5 +2a 180° 7 0.17 0.20 0.12 0.04 —0.06 0.32

0.5 +3a 180° 7 0.30 0.22 0.16 0.06 0.16 0.60

| 0a90° 6 0.19 0.13 0.19 0.08 -0.02 0.50 0.0026

| +12a90° 6 0.20 0.19 0.10 0.04 0.10 0.38 (zo0h)

| +22a 90° 6 0.37 0.36 0.10 0.04 0.26 0.52

| +32a90° 6 0.51 0.58 0.18 0.07 0.20 0.66

| 0a 180° 7 0.21 0.20 0.10 0.04 0.12 0.40

| +1 a 180° 7 0.11 0.08 0.08 0.03 0.00 0.22

[ +2a 180° 7 0.27 0.20 0.14 0.05 0.20 0.58

[ +3a180° 7 0.32 0.30 0.19 0.07 0.08 0.60

1.5 0a90° 6 0.39 0.34 0.14 0.06 0.24 0.60 0.1612

1.5 +12a90° 6 0.30 0.29 0.07 0.03 0.24 0.40

1.5 +22a90° 6 0.46 0.44 0.12 0.05 0.34 0.60

1.5 +32a90° 6 0.54 0.54 0.18 0.08 0.22 0.74

1.5 0a 180° 7 0.35 0.36 0.16 0.06 0.12 0.56

1.5 +1 a 180° 7 0.29 0.26 0.14 0.05 0.10 0.50

1.5 +2 a 180° 7 0.38 0.42 0.14 0.05 0.20 0.54

1.5 +3a 180° 7 0.43 0.50 0.24 0.09 0.12 0.82

(Continued)
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Table | (Continued).

Defocus Group N(eyes) | Medium | Median Standard Standard | Minimum | Maximum p-value
Curve Deviation Error

2 0a90° 6 0.55 0.56 0.11 0.04 0.38 0.70 0.9221
2 +1a90° 6 0.54 0.54 0.03 0.01 0.50 0.58

2 +2a 90° 6 0.58 0.59 0.13 0.05 0.36 0.70

2 +3a 90° 6 0.62 0.60 0.16 0.07 0.40 0.84

2 0a 180° 7 0.55 0.60 0.11 0.04 0.32 0.62

2 +1 a 180° 7 0.53 0.56 0.07 0.03 0.42 0.64

2 +2a 180° 7 0.53 0.60 0.13 0.05 0.34 0.62

2 +3a 180° 7 0.57 0.60 0.21 0.08 0.30 0.92

2.5 0a90° 6 0.72 0.71 0.09 0.03 0.60 0.84 0.7378
2.5 +1 2 90° 6 0.69 0.67 0.08 0.03 0.60 0.80

25 +2a 90° 6 0.74 0.73 0.10 0.04 0.62 0.90

25 +3290° 6 0.74 0.72 0.12 0.05 0.62 0.92

25 0a 180° 7 0.73 0.70 0.05 0.02 0.66 0.80

2.5 +1 a 180° 7 0.67 0.70 0.04 0.02 0.60 0.70

2.5 +2a 180° 7 0.68 0.66 0.11 0.04 0.52 0.84

2.5 +3a 180° 7 0.71 0.68 0.17 0.06 0.50 100

Comparison of +1 x 90° and +1 x 180° (Table 2 and Figure 2)

At a—1.0 D vergence, a tendency toward better visual acuity was noted with +1 D ATR astigmatism induction compared
to +1 D WTR astigmatism (p = 0.92).

At 0 D (p = 0.9608), +0.50 D (p = 0.8193), +1.00 D (p = 0.9197), —2.50 D (p = 0.98), and —2.00 D (p = 0.95)
vergences, there was an inclination toward improved visual acuity for the WTR astigmatism group.

Comparison of +2 x 90° and +2 x |80° (Table 2 and Figure 2)
A tendency toward improved visual acuity was observed at —1.5 D (p = 0.98) and —1.0 D (p = 0.99) vergences with ATR

astigmatism induction.

Defocus Curve 180° Defocus Curve 90°

Figure | Defocus Curves.
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Table 2 Comparative Analysis of Defocus Curves in Relation to Induced ATR and WTR Astigmatism

Defocus Curve | Group | 0at 90° | +1 at 90° | +2 at 90° | +3 at 90° | 0 at 180° | +I at 180° | +2 at 180°
-2.5 0a90°
-2.5 +1 a 90° 0.990 - - - - - -
-2.5 +2 2 90° 1000 1000 - - - - -
-2.5 +3 2 90° 0.970 0.590 0.950 - - - -
-2.5 0a 180° 1000 0.980 1000 0.980 - - -
-2.5 +1 a 180° 1000 0.950 1000 0.990 1000 - -
-2.5 +2 a 180° 1000 0.990 1000 0.950 1000 1000 -
-2.5 +3a 180° 1000 1000 1000 0.920 1000 1000 1000
-2 0a90°
-2 +1 a 90° 1000 - - - - - -
-2 +2a 90° 0.960 0.970 - - - - -
-2 +3a90° 0.930 0.950 1000 - - - -
-2 0a 180° 1000 1000 0.990 0.990 - - -
-2 +1 a 180° 0.970 0.980 1000 1000 1000 - -
-2 +2 a 180° 1000 1000 1000 1000 1000 1000 -
-2 +3 a 180° 1000 1000 0.950 0.930 1000 0.970 1000
-1.5 0a 90°
-1.5 +1 a 90° 1000 - - - - - -
-1.5 +2 2 90° 0.940 0.980 - - - - -
-1.5 +3290° 1000 1000 0.950 - - - -
-1.5 0aI80° 0.970 0.990 1000 0.980 - - -
-1.5 +1 a 180° 1000 1000 0.970 1000 0.990 - -
-1.5 +2a 180° 1000 1000 0.980 1000 0.990 1000 -
-1.5 +3 a 180° 1000 1000 0.720 1000 0.790 1000 1000
bl 0a 90°
bl +1 a 90° 1000 - - - - - -
bl +2 a 90° 1000 0.990 - - - - -
bl +3 a 90° 0.720 0.290 0.840 - - - -
bl 0a 180° 1000 1000 1000 0410 - - -
-1 +1 a 180° 1000 0.920 1000 0.950 0.980 - -
-1 +2 a 180° 0.960 0.620 0.990 1000 0.770 1000 -
-1 +3 a 180° 0.720 0.270 0.850 1000 0.400 0.950 1000
(Continued)
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Table 2 (Continued).

Defocus Curve | Group | 0at 90° | +1 at 90° | +2 at 90° | +3 at 90° | 0 at 180° | +I at 180° | +2 at 180°

-0.5 0a90°

0.5 +1 a 90° 1000 - - - - - -

—-0.5 +2a 90° 0.825 0.697 - - - - -

—-0.5 +3a90° 0.159 0.093 0.952 - - - -

-0.5 0a I80° 0.994 0.999 0.286 0.012 - - -

-0.5 +1 a 180° 1000 0.998 0.955 0.306 0916 - -

—-0.5 +2 a 180° 0.597 0.440 1000 0.990 0.113 0.818 -

-0.5 +3 a 180° 0.508 0.359 1000 0.996 0.080 0.742 1000

0 0a90°

0 +1290° | 0424 - - - - - -

0 +2 2 90° 0.004 0.697 - - - - -

0 +3 2 90° 0.001 0.393 1000 - - - -

0 0a I80° 1000 0.725 0.016 0.003 - - -

0 +1 a2 180° 0.960 0.961 0.087 0.022 0.999 - -

0 +2a 180° 0.082 0.997 0.965 0.794 0.229 0.591 -

0 +3 a 180° 0.006 0.797 1000 0.997 0.022 0.120 0.989

0.5 0a90°

0.5 +1a90° 0.882 - - - - - -

0.5 +2 2 90° 0.122 0.844 - - - - -

0.5 +3 2 90° 0.017 0.456 0.999 - - - -

0.5 0a 180° 1000 0.837 0.067 0.009 - - -

0.5 +1 a 180° 1000 0.819 0.061 0.008 1000 - -

0.5 +2 a 180° 0.657 1000 0.950 0.645 0.572 0.548 -

0.5 +3 a 180° 0.112 0.883 1000 0.995 0.072 0.066 0.970

| 0a90°

| +1 a 90° 1000 - - - - - -

| +2 a2 90° 0.375 0.541 - - - - -

| +3290° 0.093 0.170 0.998 - - - -

| 0a I80° 1000 1000 0.629 0.213 - - -

| +1 a 180° 0.977 0.920 0.027 0.002 0.808 - -

| +2 a 180° 0.967 0.994 0.934 0.574 0.999 0.404 -

| +3 a 180° 0.871 0.954 0.989 0.783 0.981 0.217 1000
(Continued)
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Table 2 (Continued).

Defocus Curve | Group | 0at 90° | +1 at 90° | +2 at 90° | +3 at 90° | 0 at 180° | +I at 180° | +2 at 180°
1.5 0a90°

1.5 +1 a90° 0.970 - - - - - -
1.5 +2a 90° 1000 0.650 - - - - -
1.5 +3a90° 0.930 0.350 1000 - - - -
1.5 0a I80° 1000 1000 0.880 0.600 - - -
1.5 +1 a 180° 0.870 1000 0.390 0.150 0.990 - -
1.5 +2 a 180° 1000 1000 0.960 0.770 1000 0.960 -
1.5 +3 a 180° 1000 0.960 1000 0.930 1000 0.830 1000
2 0a 90°

2 +1 a 90° 1000 - - - - - -
2 +2 2 90° 1000 0.970 - - - - -
2 +3 2 90° 1000 0.930 1000 - - - -
2 0a I80° 1000 1000 1000 1000 - - -
2 +1 a 180° 1000 1000 0.980 0.940 1000 - -
2 +2 a 180° 1000 1000 1000 1000 1000 1000 -
2 +3 a 180° 1000 0.990 1000 1000 1000 1000 1000
25 0a90°

25 +1 a2 90° 1000 - - - - - -
2.5 +2 2 90° 1000 0.970 - - - - -
2.5 +3 2 90° 1000 0.990 1000 - - - -
2.5 0a 180° 1000 0.980 1000 1000 - - -
2.5 +1 a 180° 0.980 1000 0.870 0.930 0.870 - -
2.5 +2 a 180° 1000 1000 0.950 0.980 0.950 1000 -
2.5 +3a 180° 1000 1000 0.970 0.990 0.980 1000 1000

Notes: Bold data are statistically significant values.

At 0 D (p = 0.9648), +0.50 D (p = 0.9502), +1.00 D (p = 0.9338), +1.50 D (»p = 0.96), and +2.50 D (p = 0.95)
vergences, there was a trend toward enhanced visual acuity for the WTR astigmatism group.

Comparison of +3 x 90° and +3 x 180° (Table 2 and Figure 2)
A trend toward improved visual acuity was observed at —2.50 D (p = 0.92) and —2.0 D (p = 0.93) vergences with ATR
astigmatism induction.

At —0.50 D (p = 0.996), 0 D (p = 0.9972), +0.50 D (p = 0.9945), +1.00 D (p = 0.7831), and +1.50 D (p = 0.93)
vergences, there was a trend toward enhanced visual acuity for the WTR astigmatism group.

No statistical significance was observed in any of these three comparisons. From the defocus graphs, it is evident that
all groups reach a peak at point 0 of the defocus curve.
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Figure 2 Defocus Curves.

Discussion

Achieving spectacle independence is critical for patients undergoing premium intraocular lens (IOL) implantation. Post-
implantation of presbyopia-correcting IOLs, refractive residual errors can compromise visual acuity, potentially leading
to decreased patient satisfaction.'*'

In cases where corneal toricity is 0.75D or more, toric IOLs may be deemed necessary, given that 40% of cataract
patients exhibit such levels of astigmatism. Understanding the astigmatic tolerance of IOLs is pivotal for surgical
planning, as it plays a significant role in surgical outcomes. While the astigmatic tolerance limits for multifocal IOLs
typically hover around 0.75D, recent research indicates that an extended depth of focus (EDOF) IOL exhibits a slightly
higher tolerance of 1.00D compared to bifocal IOLs (0.75D) and trifocal IOLs (0.50D). Surgeons can leverage this
information to tailor IOL selection based on the patient’s astigmatism levels, thereby minimizing the need for secondary
interventions and enhancing overall patient satisfaction.'® =

A study by Sawusch and Guyton et al demonstrated that a small amount of myopic astigmatism can enhance the depth
of focus in pseudophakic eyes, providing at least 20/30 visual acuity for both near and distant vision. The study
concluded that the optimal amount of astigmatism to achieve maximum depth of focus is approximately 0.75D of the
positive cylinder for each negative spherical component minus ATR 0.25 D, which is beneficial for near vision and the
WTR favoring distance vision.?

In our current study, we validated a novel methodology using defocus curves to assess the impact of residual
astigmatism on visual acuity in pseudophakic patients. The results showed that, although not achieving full statistical
significance, there was a tendency towards improved near and intermediate visual acuity in the ATR group. In contrast,
the WTR group exhibited better distance visual acuity and higher myopic tolerance. Therefore, our findings align with
Sawusch and Guyton’s results, indicating that inducing residual astigmatism could improve the depth of focus.?

Residual astigmatism challenges the functional benefits of simultaneous focal points in multifocal IOLs, contributing
to a higher retreatment rate in eyes implanted with such lenses. Even residual astigmatism as low as 0.50—0.75D has been
demonstrated to negatively impact visual contrast and quality, emphasizing the importance of addressing astigmatism to
enhance patient satisfaction.'” 2!

Alpins et al introduced a comprehensive vector analysis to quantify the effects of astigmatism correction, highlighting
that off-axis astigmatic treatments result in reduced flattening and increased torque effects. Alpins demonstrated that as
the deviation from the intended treatment axis increases, the efficacy of the astigmatic correction diminishes, a finding
critical for understanding and predicting surgical outcomes. Both studies underscore the importance of precise alignment
in astigmatic corrections. In our research, the defocus curve methodology provided insights into how specific astigmatism
orientations affect visual acuity at different vergences, paralleling Alpins’ emphasis on the significant impact of off-axis

treatments on the overall effectiveness of astigmatism correction. Integrating these insights into clinical practice can
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improve surgical planning and IOL selection, ultimately enhancing patient satisfaction by reducing residual astigmatism
and optimizing visual outcomes.** >

Our study observed that residual astigmatism impacts visual acuity in pseudophakic patients, with ATR astigmatism
improving near and intermediate vision, while WTR astigmatism enhances distance vision. These findings align with
Tognetto et al, who demonstrated the importance of accurate toric IOL alignment for optimal visual outcomes. Their
study illustrated how misalignment of toric IOLs from the intended axis results in a progressive decline in image quality,
as shown by the visual information fidelity (VIF) metric. A 5-degree rotation caused a 7.03% decay in VIF, while a 30-
degree rotation led to a 45.85% reduction, indicating significant image quality deterioration with increased
misalignment.**?

Furthermore, Tognetto et al confirmed Alpins’ mathematical prediction that the loss of astigmatic correction is not
linear but follows a sinusoidal relationship, with significant quality loss at higher degrees of misalignment. This matches
our observations, particularly with Figure 2 in our study, which shows similar trends in visual acuity degradation when
comparing ATR and WTR astigmatism at different defocus points. Thus, integrating these insights highlights the critical
need for precise toric IOL placement to minimize residual astigmatism and enhance postoperative visual quality.*%'

This research introduces a novel methodology employing a defocus curve and distance visual acuity to assess the
tolerance to optically induced astigmatism (compensated with spherical equivalent) in pseudophakic eyes. The validation
of this approach serves as an additional tool for surgeons in evaluating the need for toric IOLs during pre-
phacoemulsification assessments. Furthermore, it provides valuable insights for selecting the appropriate IOL, especially
when corneal astigmatism measurements vary between diagnostic devices. The study findings offer significant informa-
tion to both patients and surgeons regarding the outcomes associated with toric IOL implantation.?’

Furthermore, utilizing an ATR cylindrical lens may alleviate the effects of WTR astigmatism induced by the eyelid,
thereby improving visual performance. However, it is essential to acknowledge that this theoretical possibility necessi-
tates further research and clinical trials to validate its efficacy.

A potential hypothesis for why WTR astigmatism might influence visual acuity differently from ATR astigmatism
involves the natural changes in corneal curvature and the influence of eyelid pressure on the cornea. As people age, the
cornea tends to flatten in the horizontal meridian and steepen in the vertical meridian, leading to a natural shift toward
ATR astigmatism. Consequently, WTR astigmatism, aligning with the steeper vertical meridian, might focus light more
effectively for distance vision, whereas ATR astigmatism could improve near and intermediate vision.

Hayashi et al’s research underscored the impact of residual astigmatism on both monofocal and multifocal 1OLs,
revealing that astigmatism exceeding 1D exacerbated vision impairment in bifocal IOLs and 0.75D in trifocal IOLs.
Before implantation, prior comprehension of each IOL’s response to residual astigmatism is pivotal.'>-+2®

Pérez-Sanz et al studied astigmatism tolerance, comparing monofocal and EDOF IOLs through in vitro measure-
ments. Their findings highlighted superior visual acuity outcomes with ATR astigmatism in both types of lenses,
emphasizing the significance of considering astigmatism type in IOL selection.' ™

While near and intermediate acuities were not directly measured, the trends were inferred from the defocus curve,
which allowed us to assess visual performance across various focal points.

Despite the study’s contributions, limitations, such as a small sample size, underscore the need for further research to
validate and expand upon these findings. Although this study involved only 13 eyes, which limits the statistical power,
the results indicate trends that warrant further exploration. Future studies with larger sample sizes and more information
will be essential to confirm these trends and enhance the generalizability of the findings. In conclusion, the proposed
methodology proves reproducible and valuable, offering insights into predicting residual astigmatism tolerance in
pseudophakic patients. This information can aid surgery planning and facilitate informed decision-making regarding
IOL selection.

Although not statistically significant, the ATR group also tended to enhance near and intermediate visual acuity. In
contrast, the WTR group trended toward improved distance visual acuity and myopic tolerance.

Overall, this new methodology proves reproducible and beneficial and may assist in predicting residual astigmatism
tolerance in pseudophakic patients, thereby aiding in surgery planning and IOL decision-making.
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