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Purpose: To validate a new methodology to evaluate the impact of astigmatism in pseudophakia using an astigmatic defocus curve.
Setting: Hospital Oftalmologico de Brasilia, Brazil.

Design: Non-randomized cohort study.

Methods: For every point of the defocus curve, from —2.00 to +3.00 with 0.50D intervals, visual acuity was assessed with optically
induced astigmatism (0.50D, 1.00D and 1.50D at 90 and 180 degrees) in pseudophakic patients implanted with a refractive-enhanced
intraocular lens.

Results: Twelve patients were analyzed. A statistically significant difference was found between the 90° (ATR) and 180°(WTR) axis
with 1.50D astigmatism, providing better visual acuity in ATR astigmatism (p < 0.05).

Conclusion: This new methodology is reproducible, useful and may predict residual astigmatism tolerance in pseudophakic patients,
which may help with surgery planning and IOL decision-making.
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Introduction

Cataract surgery now incorporates a refractive component, aiming to simultaneously correct refractive errors alongside
cataract extraction. The primary objective is to achieve minimal reliance on spectacles for both distance and near vision
tasks in pseudophakic patients. Introduction of presbyopia-correcting intraocular lenses (IOLs), such as trifocals,
extended depth of focus lenses and enhanced monofocal, has significantly expanded the options for achieving spectacle
independence following lens replacement surgery.' !

To achieve optimal refractive outcomes, it is imperative to address corneal astigmatism during cataract surgery.
Treatment options include toric intraocular lenses (IOLs) and corneal limbal relaxing incisions. However, many patients
may still experience residual refractive astigmatism despite these interventions. A recent meta-analysis revealed that
residual astigmatism of 0.50D or less was achieved in 45% to 85% of cases with certain types of IOLs. This variability
may be attributed to factors such as IOL tilt and effective position, which are beyond the direct control of the surgeon.
Hence, intraocular lenses that can provide patients with optimal vision even in the presence of remaining astigmatism
would be preferable.>*'%27

In 2010, Hayashi et al demonstrated the impact of residual astigmatism on visual acuity with diffractive IOLs by
directly assessing the visual acuity of patients with varying degrees of cylinder. Defocus curves have emerged as

a reliable method for evaluating the performance of presbyopia-correcting IOLs across various focal points, particularly
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emphasizing their efficacy in near-vision tasks without additional visual correction. However, the impact of astigmatism
on visual acuity may be influenced by residual myopia or hyperopia. A modified defocus curve approach can be
employed to isolate the effect of the residual cylinder on visual acuity at different focal distances. This involves inducing
a cylinder at each point of the defocus curves.

The Tecnis Eyhance ICB0O0 IOL (Johnson & Johnson in New Jersey, USA) is a monofocal lens with a modified
anterior surface asphericity and variable power distribution, with lower power in the periphery progressively increasing
toward the center. While the Eyhance IOL aims to enhance vision for intermediate tasks compared to standard monofocal
IOLs, it’s important to note that it does not meet ANSI criteria for classification as an EDOF IOL. Nevertheless, it
compensates for spherical aberrations in the cornea. Clinical observations strongly support its capacity to improve
intermediate-distance vision compared to conventional monofocal IOLs, and notably, it lacks diffractive rings typical of
diffractive IOLs.***

Recent studies have compared the astigmatic tolerance of an EDOF IOL with different multifocal IOLs. The EDOF
IOL has a slightly better astigmatic tolerance of 1.00 D compared to those of bifocal IOLs at 0.75 D and trifocal IOL at
0.50 D. Despite the well-known advantages of multifocal and EDOF IOLs, the one-major concern is the significant
impact of residual astigmatism on visual acuity (VA) and patient satisfaction.”'°

This study proposes and validates a new methodology to evaluate the impact of residual astigmatism in pseudophakic
patients using a defocus curve with induced astigmatism.

Methods

This prospective and non-randomized cohort study included patients older than 40 with a normal ophthalmological
examination besides senile cataracts. This study 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 the local ethics committee (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.

Pre-Operative Evaluation and Patient Selection
Patients were recruited for this study from a single site between October 4, 2022, and January 20, 2023.

Inclusion Criteria
Patients who underwent bilateral phacoemulsification surgery with the implant of an enhanced monofocal lens (Tecnis
Eyhance ICB00) IOL with residual refractive astigmatism of less than 0.50D in both eyes.

Exclusion Criteria

Previous ocular surgery; central endothelial cell count <2000 cells/mm?2; glaucoma, intraocular pressure >21 mmHg;
amblyopia; retinal abnormalities; steroid or immunosuppressive treatment, connective tissue diseases; patients who had
complicated cataract surgery (eg, posterior capsule rupture, vitreous loss, or an IOL unplaced in the capsular bag);
irregular astigmatism or keratoconus.

Pre-Operative Evaluation
All patients had a complete ophthalmological examination, and we performed the following auxiliary exams: IOL Master
700 (Zeiss, Germany), OPD Scan (NIDEK, Japan), and Pentacam (Oculus, Germany).

Study Lens

Tecnis Eyhance ICB00 (Johnson & Johnson Vision) is a single-piece biconvex hydrophobic acrylic IOL with a negative
spherical aberration of —0.27 pum. It features a continuous increase in power profile on its aspheric anterior surface,
devoid of diffractive rings or zones. This aims to extend the depth of focus, which can provide patients with an
intermediate-distance focal point.
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Surgeries

All procedures were consistently conducted by the same experienced surgeon, following standard protocols.
Phacoemulsification surgery was executed through a temporal clear corneal incision, and a foldable posterior chamber
intraocular lens (IOL) was inserted into the capsular bag. The Surgeries were performed using the Centurion phacoe-
mulsification device (Alcon, Texas, USA).

Defocus Curve

Only one eye per patient was included in the study (the dominant one). Astigmatic defocus was induced over the manifest
distance refraction with negative refractive cylinder lenses (CYL) from —0.50 to —1.50 D in 0.50 D steps at two axis’
orientations (0 and 90 degrees) to induce ATR and WTR simple hyperopic astigmatisms, 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). This method allowed us to evaluate the impact of induced refractive astigmatism on visual performance on the
defocus curve and compare the results between the two groups of patients implanted with Tecnis Eyhance ICBOO.

Statistical Analysis
A statistical software, SPSS (Version 24.0 for Windows; IBM, Armonk, NY), was used for statistical analysis. The
Kolmogorov—Smirnov test was used to check the normality of the data distribution. When parametric analysis was
possible, Fisher exact test data was performed. In cases when parametric analysis was not possible, the Mann—Whitney
U-test was applied. An independent two-sample 7-test was performed for the statistical analysis of pupil size, uncorrected
distance visual acuity (UDVA), and age. P value < 0.05 was considered statistically significant in all cases.

The sample size of 12 patients was sufficient to detect a medium-to-large effect size (DZ=0.66) with a 5%
significance level for a one-tailed test and a statistical power of 0.8 (type II error <20%). We conducted a sensitivity
analysis using GPower 3.1VR software.

Results

This study included twelve eyes of twelve patients. This population comprises patients between 53 and 79 (mean age of
64 £1.06). Table 1 shows summary statistics for subject demographics, photopic pupil size, baseline UDVA, manifest
refractive sphere, and manifest refractive cylinder. In our sample, seven patients presented right eye dominancy (58.3%)
and five left dominancy (41.7%).

A statistically significant difference was found between the 90° (ATR) and 180° (WTR) axis with 1.50D astigmatism,
providing better visual acuity in ATR astigmatism (p < 0.05) (Table 2).

Additionally, when analyzing the worst performance in the defocus curve with the addition of —1.00D spherical or +0.50
spherical with ATR or WTR astigmatism, we encounter the same visual acuity with +0.50 and 1.0 (ATR or WTR) astigmatism
and —1.00 sphere and 1.0 (ATR or WTR) astigmatism. On the other hand, when we induce —1.00 sphere and 0.5 or 1.5 (ATR or
WTR) astigmatism, we find statistically significant better visual acuity with ATR astigmatism (Table 3).

Table | Subject Demographics and Baseline Characteristics (Mean
Values and Standard Deviation)

Values N (Eyes)
IOL power (Diopters) 19.93 (3.62) 12
UDVA. (LogMar) —0.12 (0.03) 12
Manifest refraction sphere. (Diopters) 0.00 (0.00) 12
Manifest refraction cylinder. (Diopters) 0.18 (0.06) 12
Mesopic pupil size (postoperative) (mm) 5.40 (0.20) 12
Photopic pupil size (postoperative) (mm) | 3.92 (0.17) 12
Clinical Ophthalmology 2024:18 htps: 1911
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Table 2 Influence of Induced Astigmatism on

Distance VA

Induced LogMar Visual P value
Astigmatism | Acuity (MeantSD)

ATR 0.50D —0.10 (0.024) 0.6691
ATR 1.00 D —0.06 (0.035) 0.3301
ATR |1.5D —0.06 (0.026) 0.4543
WTR 0.50D —0.09 (0.031) 0.5485
WTR 1.00D —0.02 (0.065) 0.3702
WTR 1.50D 0.03 (0.028) 0.1624

Note: SD — Standard Deviation. Results with Mann—Whitney test.

Table 3 Comparison of Induced ATR and WTR on Distance VA

Induced Sphere | Induced Astigmatism | LogMar Visual Acuity | P value
(Diopters) (Diopters) (Mean Values)

-1.00 D ATR 0.5 D —0.108

—-1.00 D WTR 0.5 D —0.058 0.002
—-1.00 D ATR 1.0 D —0.025

-1.00 D WTR 1.0 D —0.025 [

—-1.00 D ATR 1.5 D 0.166

—-1,00 D WTR I.5 D 0.0167 0.002
+0.50 D ATR 1.0 D 0.033

+0.50 D WTR 1.0 D 0.033 |

Note: Mann—Whitney test was used.

Discussion

Spectacle independence is the primary objective for patients opting to implant presbyopia-correcting intraocular lenses
(IOLs). Significative refractive residual error can reduce visual acuity and decrease patient satisfaction. Toric IOLs may
be necessary for patients with corneal toricity of 0.75D or more.”"!

Knowledge of the astigmatic tolerance of IOLs is crucial for surgical planning as it can affect the outcome of the
surgery. Astigmatic tolerance limits of multifocal IOLs are usually around 0.75D. However, a recent study found that an
EDOF IOL had a slightly higher astigmatic tolerance of 1.00D than bifocal IOLs (0.75D) and trifocal IOLs (0.50 D).
Surgeons can use this information to select the appropriate IOL for patients with different levels of astigmatism to
minimize the need for secondary management and improve patient satisfaction.®’

Residual astigmatism interferes with the functional advantage of simultaneous focal points in multifocal IOLs.
Studies have also found a high retreatment rate in eyes implanted with multifocal IOLs due to significant residual
astigmatism. Compensating for residual astigmatism, even as low as 0.50-0.75D, has been shown to improve contrast
and quality of vision, leading to improved patient satisfaction.”'*'4

Hayashi et al studied the impact of residual astigmatism in monofocal and multifocal IOL. They found that residual
astigmatism greater than 1 D worsened vision in bifocal IOLs and 0.75 D in trifocal IOLs, so it is crucial to understand
each IOL behavior with residual astigmatism before implantation. However, the study was done by analyzing visual
acuity in patients with manifest post-operative astigmatism.'”>

Pérez-Sanz et al also studied astigmatism tolerance, comparing patients with a monofocal IOL and an EDOF IOL
through an in vitro measurement. They analyzed the optical quality and assessed it on an optical bench for 2.0, 3.0, and

4.5 mm pupils. The effect of residual astigmatism was investigated from through-focus images recorded with increasing
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amounts of regular positive astigmatism induced with a deformable mirror. They also compared WTR and ATR-induced
astigmatism and found statistically better VA Results with ATR astigmatism with both lenses.**

Our study corroborates with the findings of Rocha et al regarding better ATR astigmatism tolerance for distance
vision. Our study adds that this effect also occurs in the negative side of the defocus curves, emphasizing that keeping
some ATR astigmatism may have a beneficial impact on near vision.?

This study employed both a defocus curve and distance monocular visual acuity to analyze the tolerance to optically
induced astigmatism in pseudophakic eyes with the refractive-enhanced monofocal intraocular lens Tecnis Eyhance and to
determine the extent of possible vision loss attributable to the induced astigmatism. The validation of this new methodology
will provide an additional tool for surgeons to determine whether a toric IOL is necessary when evaluating a patient before
phacoemulsification. Moreover, it will bring new information when deciding which IOL should be implanted, especially
when there is a difference in the corneal astigmatism measurements between diagnostic devices. Our results will also
provide valuable information to patients and surgeons regarding the outcomes of toric IOL implantation.'* '

Our study has several limitations, mainly the sample size. More research is needed to confirm these findings and fully
understand the factors that may impact the results.

In conclusion, this new methodology is reproducible and useful and may predict residual astigmatism tolerance in
pseudophakic patients, which may help with surgery planning and IOL decision-making.

Ethics
The study was approved by the Hospital Oftalmologico Brasilia Ethics committee (No: 42915320.3.0000.5667).

Acknowledgments

This study was funded by Hospital Oftalmolégico de Brailia (HOB) and Renato Ambrosio Eye Research Center
(CEORA). Both institutions’ facilities were used during the study’s conduct. The Institutional Review Board of the
Hospital Oftalmologico de Brasilia, DF, Brazil, approved it. We would like to thank Dr Douglas Koch for his great
contribution to our research team.

Disclosure
Wilson Takashi Hida is a consultant for Johnson and Johnson Vision Care Research, Ltd. The authors report no other
conflicts of interest in this work.

References

. Davidson RS, Dhaliwal D, Hamilton RD, et al. Surgical correction of presbyopia. J Cataract Refract Surg. 2016;42(6):920-930. doi:10.1016/].
jers.2016.05.003
2. de Vries NE, Webers CAB, Touwslager WRH, et al. Dissatisfaction after implantation of multifocal intraocular lenses. J Cataract Refract Surg.
2011;37(5):859-865. doi:10.1016/j.jcrs.2010.11.032
. Mencucci R, Cennamo M, Venturi D, et al. Visual outcome, optical quality, and patient satisfaction with a new monofocal IOL, enhanced for
intermediate vision: preliminary results. J Cataract Refract Surg. 2020;46(3):378-387. doi:10.1097/j.jcrs.0000000000000061
Cochener-Lamard B. Multifocal intraocular lenses: the Johnson and Johnson family of lenses. Multifocal Intraocular Lenses. 2019;2:249-274.
. Kanclerz P, Toto F, Grzybowski A, et al. Extended depth-of-field intraocular lenses: an update. Asia Pacific J of Ophthalmol Phila US. 2020;9
(3):194. doi:10.1097/AP0O.0000000000000296
6. Braga-Mele R, Chang D, Dewey S, et al. Multifocal intraocular lenses: relative indications and contraindications for implantation. J Cataract
Refiract Surg. 2014;40(2):313-322. doi:10.1016/j.jers.2013.12.011
7. Villegas EA, Encarna A, Pablo A. Minimum amount of astigmatism that should be corrected. J of Cataract Refract Surg. 2014;40(1):13-19.
doi:10.1016/j.jers.2013.09.010
8. Carones F. Residual astigmatism threshold and patient satisfaction with bifocal, trifocal and extended range of vision intraocular lenses (IOLs).
Open J Ophthalmol. 2017;7(1):1. doi:10.4236/0joph.2017.71001
9. Ang RE. Comparison of tolerance to induced astigmatism in pseudophakic eyes implanted with small aperture, trifocal, or monofocal intraocular
lenses. Clinical Ophthalmol AuckINZ. 2019;13:905. doi:10.2147/OPTH.S208651
10. Hida WT, Nakano CT, Yamane I, et al. Elaboragdo e validagdo do questionario de satisfagdo dos pacientes pseudofacicos em portugués. Rev Bras
de Oftalmol. 2013;72:388-395. doi:10.1590/S0034-72802013000600007
11. Ferrer-Blasco T, Montés-Micd R, Peixoto-de-Matos SC, Gonzalez- Méijome JM, Cervifio A. Prevalence of corneal astigmatism before cataract
surgery. J Cataract Refract Surg. 2009;35(1):70-75. doi:10.1016/j.jcrs.2008.09.027
12. Ravalico G, Parentin F, Baccara F. Effect of astigmatism on multifocal intraocular lenses. J Cataract Refract Surg. 1999;25(6):804-807.
doi:10.1016/S0886-3350(99)00029-2

—_

W

TR

Clinical Ophthalmology 2024:18 heeps: 1913

Dove:


https://doi.org/10.1016/j.jcrs.2016.05.003
https://doi.org/10.1016/j.jcrs.2016.05.003
https://doi.org/10.1016/j.jcrs.2010.11.032
https://doi.org/10.1097/j.jcrs.0000000000000061
https://doi.org/10.1097/APO.0000000000000296
https://doi.org/10.1016/j.jcrs.2013.12.011
https://doi.org/10.1016/j.jcrs.2013.09.010
https://doi.org/10.4236/ojoph.2017.71001
https://doi.org/10.2147/OPTH.S208651
https://doi.org/10.1590/S0034-72802013000600007
https://doi.org/10.1016/j.jcrs.2008.09.027
https://doi.org/10.1016/S0886-3350(99)00029-2
https://www.dovepress.com
https://www.dovepress.com

Hida et al Dove

13.

20.

21.

22.

23.

24.

25.

26.

217.

Gundersen KG, Makari S, Ostenstad S, Potvin R. Retreatments after multifocal intraocular lens implantation: an analysis. Clin Ophthalmol.
2016;10:365-371. doi:10.2147/OPTH.S100840

. Richdale K, Berntsen DA, Mack CJ, Merchea MM, Barr JT. Visual acuity with spherical and toric soft contact lenses in low- to

moderate-astigmatic eyes. Optom Vis Sci. 2007;84(10):969-975. doi:10.1097/0PX.0b013e318157c6dc

. Lehmann RP, Houtman DM. Visual performance in cataract patients with low levels of postoperative astigmatism: full correction versus spherical

equivalent correction. Clin Ophthalmol. 2012;6:333-338. doi:10.2147/OPTH.S28241

. Rhim JW, Eom Y, Park SY, et al. Eyelid squinting improves near vision in against-The-rule and distance vision in with-The-rule astigmatism in

pseudophakic eyes: an eye model experimental study. BMC Ophthalmol. 2020;20(4). doi:10.1186/s12886-019-1297-5

. Hayashi K, Manabe S, Yoshida M, Hayashi H. Effect of astigmatism on visual acuity in eyes with a diffractive multifocal intraocular lens.

J Cataract Refract Surg. 2010;36(8):1323-1329. doi:10.1016/j.jcrs.2010.02.016

. Breyer DRH, Beckers L, Ax T, Kaymak H, Klabe K, Kretz FTA. Aktuelle Ubersicht: multifokale Linsen und Extended-Depth-of-Focus-

Intraokularlinsen [current review: multifocal intraocular lenses and extended depth of focus intraocular lenses]. Klin Monbl Augenheilkd.
2020;237(8):943-957. German. doi:10.1055/a-1111-9380

. Niazi S, Gatzioufas Z, Dhubhghaill SN, et al. Association of patient satisfaction with cataract grading in five types of multifocal IOLs. Adv Ther.

2024;41(1):231-245. doi:10.1007/s12325-023-02698-5

Galvis V, Escaf LC, Escaf LJ, et al. Visual and satisfaction results with implantation of the trifocal Panoptix® intraocular lens in cataract surgery.
J Optom. 2022;15(3):219-227. doi:10.1016/j.0ptom.2021.05.002

Karam M, Alkhowaiter N, Alkhabbaz A, et al. Extended depth of focus versus trifocal for intraocular lens implantation: an updated systematic
review and meta-analysis. Am J Ophthalmol. 2023;251:52-70. doi:10.1016/j.2j0.2023.01.024

Hayashi K, Yoshida M, Igarashi C, Hirata A. Effect of refractive astigmatism on all-distance visual acuity in eyes with a trifocal intraocular lens.
Am J Ophthalmol. 2021;221:279-286. doi:10.1016/j.2j0.2020.07.051

Wan KH, Au ACK, Kua WN, et al. Enhanced monofocal versus conventional monofocal intraocular lens in cataract surgery: a meta-analysis.
J Refract Surg. 2022;38(8):538-546. doi:10.3928/1081597X-20220707-01

Pérez-Sanz L, Vega F, Azor-Moroén JA, Cuellar F, Millan MS, Garzén N. Tolerance to residual astigmatism of an isofocal intraocular lens. Graefes
Arch Clin Exp Ophthalmol. 2023. doi:10.1007/s00417-023-06305-9

Rocha KM, Costa ED, Dodhia M, Waring GO. Tolerance to induced astigmatism with a monofocal intraocular lens designed to extend the depth of
focus. J Refract Surg. 2023;39(4):222-228. PMID: 37040207. doi:10.3928/1081597X-20230126-02

Al-Mohtaseb Z, Steigleman WA, Pantanelli SM, et al. Toric monofocal intraocular lenses for the correction of astigmatism during cataract surgery:
a report by the American Academy of Ophthalmology. Ophthalmology. 2024;131(3):383-392. PMID: 38149945. doi:10.1016/j.0phtha.2023.10.010
Hida WT, Moscovici BK, Cortez CM, et al. Comparison of visual outcomes of bilateral dual-technology diffractive intraocular lens vs blended
enhanced monofocal with dual-technology intraocular lens. J Cataract Refract Surg. 2024;50(4):401-406. doi:10.1097/j.jcrs.0000000000001374

Clinical Ophthalmology Dove

Publish your work in this journal

Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry;
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

1914 0y in g Do Clinical Ophthalmology 2024:18


https://doi.org/10.2147/OPTH.S100840
https://doi.org/10.1097/OPX.0b013e318157c6dc
https://doi.org/10.2147/OPTH.S28241
https://doi.org/10.1186/s12886-019-1297-5
https://doi.org/10.1016/j.jcrs.2010.02.016
https://doi.org/10.1055/a-1111-9380
https://doi.org/10.1007/s12325-023-02698-5
https://doi.org/10.1016/j.optom.2021.05.002
https://doi.org/10.1016/j.ajo.2023.01.024
https://doi.org/10.1016/j.ajo.2020.07.051
https://doi.org/10.3928/1081597X-20220707-01
https://doi.org/10.1007/s00417-023-06305-9
https://doi.org/10.3928/1081597X-20230126-02
https://doi.org/10.1016/j.ophtha.2023.10.010
https://doi.org/10.1097/j.jcrs.0000000000001374
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Pre-Operative Evaluation and Patient Selection
	Inclusion Criteria
	Exclusion Criteria
	Pre-Operative Evaluation
	Study Lens
	Surgeries
	Defocus Curve
	Statistical Analysis

	Results
	Discussion
	Ethics
	Acknowledgments
	Disclosure

