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Purpose: To create a defocus curve of emerging presbyopic patients of various age groups.

Setting: Single site private practice in Sioux Falls, South Dakota.

Design: This was a non-randomized, prospective study. All subjects were enrolled from healthy volunteers.

Methods: Subjects aged 37-9, 4042, 43-45 and 46-48 that have 20/20 best-corrected distance visual acuity (BCDVA) were
included. Binocular visual acuity at different defocus steps ranging from +0.5 D to —3 D was measured in each age group. Defocus
curves were generated from the mean logMAR visual acuities at each defocus step, by age group.

Results: Of the 60 subjects, 23.3% of subjects were between the ages of 37-39, 26.7% were between the ages of 40—42, 25% of
subjects were between ages 43—45, and 25% were between the ages of 46—48. Visual acuity significantly decreased from plano to —3
D defocus steps in all groups (p < 0.0002, p =0, p =0 and p = 0). The 46-48-year-old group had worse visual acuity compared to the
other three groups from the —1.0 to —2.0 D defocus steps (p = 0.037, p = 0.022 and 0.017, respectively). Starting at a near point of
40cm, the 37-39 group had the best logMAR vision and the 46-48 group had the worst vision (p = 0.001).

Conclusion: The defocus curves of emerging presbyopic individuals demonstrate a decreasing visual acuity at near defocus steps that
decreases with age. Defocus curves at different age ranges can help doctors explain various presbyopia treatment options in terms of
near point capabilities at various ages.
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Plain Language Summary
What Was Known:

® Defocus curves are used to simulate visual acuity at various distances.
® Due to presbyopia, visual acuity at near decreases with age.

What this Paper Adds:
® The defocus curve of emerging presbyopic patients demonstrates progressive reduction in near visual acuity with increasing age.

Data sharing statement: No de-identified information regarding the subjects will be shared, nor will further data and study documents

be made accessible. If requested, study documents can be obtained from Brian Shafer, MD.

Introduction
Presbyopia is the loss of accommodation of the eye resulting in near-vision impairment.'~* This is a natural process that occurs due
to progressive hardening and loss of viscoelasticity of the lens.® Patients with presbyopia suffer from blurred vision at near
necessitating spectacle correction in most people by the age of 50.'

Progressive in nature, presbyopia starts to become clinically apparent around the age of 40." With the exponential rise of
computer-based occupations, eye strain due to uncorrected or under-corrected presbyopia may lead to potential productivity
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losses.? Outside of the workforce, screen-time has dramatically increased for social and recreational purposes. Without near-
vision isolation and loss of quality of life can ensue.”

Visually significant presbyopia is nearly ubiquitous in patients with cataracts.” Additionally, following cataract surgery and
implantation of a monofocal intraocular lens (IOL), absolute presbyopia occurs. To combat spectacle-dependence following
cataract surgery, IOL technology has evolved to address the complete loss of accommodation."*® There is a rapidly growing
arsenal of multifocal, extended depth of focus (EDOF), extended range of vision, and pseudo-accommodative IOLs, as well as
pharmacological presbyopia options.*™"**

Spectacle independence is only possible if visual acuity is functional at distance, intermediate, and near ranges.” "' Defocus
curves are used to demonstrate the expected binocular visual acuity following bilateral implantation of a particular IOL.'*"* To
construct a defocus curve, binocular visual acuity is measured at a fixed distance after placing step-wise increases in minus
spherical lenses in front of the patient, usually at half or quarter-diopter steps. A defocus step of —1.50 D represents intermediate
vision at a distance of 66¢cm or near point, while —2.50 D represents near vision at a near point of 40cm. Typically, vision is
considered functional at logMAR 0.2, or the Snellen equivalent of 20/32.'*"3

In preparing a patient for cataract surgery with a presbyopia-correcting IOL, expectations must be properly addressed.''%!?
Though easy to demonstrate a line on a Snellen chart, it is challenging to educate patients on what their vision will be like
following surgery or other presbyopia-correcting treatments. While defocus curves are created for all IOLs as part of their
approval process, there are no published defocus curves for phakic patients at various stages of presbyopia.

In this study, we address the unmet need of creating defocus curves of emerging presbyopic patients.

Methods

This was a single-site, prospective, non-randomized, non-controlled trial. The protocol was reviewed and approved by an ethics
committee (Aspire IRB, Santee, California) on October 8, 2019, with an updated protocol approved by the same committee on
July 6, 2020. The protocol was updated to include expanded age groups. The trial was registered to ClinicalTrials.Gov with
identifier NCT04474782. All prospective subjects provided written informed consent to participate, and the study was conducted
in accordance with the Declaration of Helsinki. No de-identified information regarding the subjects will be shared, nor will further
data and study documents be made accessible.

Participants were phakic adults aged 3739, 4042, 43-45 and 4648 years old with best corrected visual acuity (BCVA) of at
least 20/20 in each eye. Potential subjects were excluded if they had undergone prior cataract surgery, had a BCVA <20/20 in either
eye, or any ocular comorbidity that may reduce the subjects BCVA.

Potential subjects had their uncorrected distance visual acuity (UCVA) measured using the Early Treatment of Diabetic
Retinopathy (ETDRS) chart at a distance of 20 feet. A manifest refraction was performed using a phoropter to determine the
subject’s BCVA on the ETDRS chart at 20 feet and this refraction was placed in a trial frame. Loose lenses were placed in front of
both eyes in the trial frame ranging from +0.50 D to —3.00 D and the visual acuity was measured using the ETDRS chart at 20 feet.
All visual acuities were converted to logMAR for ease of reporting.

For each of the age groups of 37-39, 40-42, 43-45 and 4648 years old, a defocus curve was created using mean logMAR
visual acuities on the y-axis of a graph and the defocus step ranging from +0.50 D to —0.50 D. Differences in visual acuity
(measured in logMAR units) by age group at each defocus step was compared using a One-Way ANOVA test and, if a difference
was detected, significance was confirmed using a Pairwise Tukey-HSD post-hoc test. The level of significance was chosen as 0.05.
No formal power calculations were conducted.

Results
A total of 60 subjects (120 eyes) participated in this trial. Of these, 58 (96.7%) were Caucasian, 1 (1.6%) was Asian, and
1 (1.6%) was Native American. There were 30 (50%) females and 30 (50%) males. 23.3% of subjects were between the
ages of 37-39, 26.7% were between the ages of 40-42, 25% of subjects were between ages 43—45, and 25% were
between the ages of 46—48.

Table 1 shows the mean logMAR visual acuity at each defocus step from +0.5 to —3.0D for each group. Figure 1
demonstrates the defocus curve of each age group. There was no statistically significant difference in logMAR vision at
the +0.5, 0, or —0.5 D defocus step. Visual acuity significantly decreased from —0.5 to —3 D defocus steps in all groups
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Table | Mean LogMAR Visual Acuity by Age and Defocus Step with Standard Deviation

Defocus Step (D)

Age(yrs) +0.5 Plano -0.5 = -1.5 -2 -25 -3

37-39 | —0.099 +£0.053 | -0.129 £ 0.048 | —0.101 £ 0.071 —0.099 + 0.067 | —0.079 £ 0.070 | -0.049 + 0.066 | —0.036 + 0.077 | —0.013 + 0.075

4042 | —0.074 £0.084 | —0.131 £0.056 | —0.105 = 0.06! —0.099 + 0.072 | —0.028 £ 0.120 0.018 £ 0.161 0.106 £ 0.163 0.233 £ 0.208

4345 | —0.055+0.092 | —0.114 £0.055 | —0.102 £ 0.072 | —0.089 + 0.099 | 0.0234 £ 0.133 0.124 £ 0.155 0.211 £0.188 0.367 £ 0.211

46-48 | —0.035 £ 0.097 | —0.155+0.057 | —0.124 £ 0.084 | —0.009 + 0.114 0.123 + 0.140 0.319 + 0.140 0.456 + 0.152 0.533 + 0.142

(p <0.0002, p =0, p=0 and p = 0). The 4648-year-old group had worse visual acuity compared to the other three
groups from the —1.0 to —2.0 D defocus steps (p = 0.037, p = 0.022 and 0.017, respectively). Starting at a near point of
40cm, the 37-39 group had the best logMAR vision and the 4648 group had the worst vision (p = 0.001).

Discussion

To our knowledge, this is the first series of binocular defocus curves for emerging presbyopic individuals of different
ages. Evident from the curves in Figure 1, intermediate and near vision rapidly worsen between the ages of 46 and 48.
Additionally, very-near vision begins to significantly decline at the age of 40.

With an ever-growing armamentarium of presbyopia-correcting intraocular lenses, managing patient expectations is
of paramount importance. By comparing the defocus curves of IOLs or other presbyopia-correcting therapies to that of
emerging presbyopic individuals of different age ranges, patients can be more effectively counseled on visual outcomes.
Eye care providers will now be able to directly inform patients that following cataract surgery, vision at different ranges
will be most similar to when they were a certain age.

A limitation of our study is that we have included only 4 distinct age groups. A second limitation is that there was
minimal ethnic diversity among the subjects. In future studies, more ages will be included to determine the defocus
curves for a wider set of individuals. Future studies with larger sample sizes may help prove reproducibility. Additionally,
future studies will evaluate the impact of refractive error on vision at different defocus steps.

In the aging population, presbyopia is inevitable. By comparing defocus curves of individuals at different stages of
life, patient expectations following premium cataract surgery with implantation of a presbyopia-correcting IOL and other
therapies will be more accurate. With proper expectations met, patients will be better informed for potentially life-long
decisions regarding presbyopia.

Defocus Curve of Emerging Presbyopic Patients by Age Group
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Figure | Defocus Curve of Emerging Presbyopic Patients by age group.
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