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Purpose: To evaluate visual outcomes and quality of vision following bilateral implantation of a hydrophobic acrylic intraocular lens
(IOL) in eyes targeted for emmetropia.

Methods: This was a prospective, single arm study. Subjects were bilaterally implanted with the Clareon PanOptix IOL and evaluated
at 1 and 3 months postoperatively. Endpoints included binocular uncorrected and distance-corrected visual acuities at distance (UDVA,
CDVA), intermediate (UIVA, DCIVA; 60 cm), and near (UNVA, DCNVA; 40 cm, 33 cm), defocus curve, manifest refraction, and
administration of a visual disturbance questionnaire (QUVID) and a satisfaction questionnaire (IOLSAT).

Results: A total of 24 subjects (48 eyes) completed the study. Mean postoperative binocular CDVA, DCIVA (60 cm), DCNVA
(40 cm), and DCNVA (33 cm) were —0.04 £+ 0.08 logMAR, —0.08 £+ 0.10 logMAR, 0.01 £ 0.10 logMAR, and 0.04 + 0.11 logMAR,
respectively. Mean postoperative binocular UDVA, UIVA (60 cm), UNVA (40 cm), and UNVA (33 c¢cm) were 0.02 = 0.19 logMAR,
—0.08 = 0.09 logMAR, 0.04 + 0.12 logMAR, and 0.08 & 0.15 logMAR, respectively. Overall, postoperative spectacle independence at
distance, intermediate, and near were 100%, 93%, and 73%, respectively. A total of 9%, 12%, and 0% of subjects were bothered “quite
a bit” or “very much” by halos, starburst, and glare, respectively.

Conclusion: The results of this study suggest that bilateral implantation with the Clareon PanOptix can achieve excellent visual
outcomes, high spectacle independence, and low reports of bothersome dysphotopsia.

Plain Language Summary: The natural lens inside the eye may eventually become opaque (develop a cataract). When that happens,
it can be removed and replaced with an artificial intraocular lens (IOL). There are a variety of IOLs to choose from. For patients
desiring spectacle independence, trifocal IOLs may be good option as this type of IOL is designed to provide clear vision to see far,
arm’s length, and up close objects. The purpose of this study was to evaluate the visual outcomes and quality of vision following
bilateral implantation of a new hydrophobic acrylic IOL (Clareon PanOptix). The results of this study suggest that bilateral
implantation with the Clareon PanOptix can achieve excellent visual outcomes, high spectacle independence, and low reports of
bothersome dysphotopsia.
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Introduction

There are many different types of intraocular lenses (IOLs) for patients to select. Monofocal IOLs allow for clear vision
at distance and are the most popular implant. However, there are other options for patients that desire spectacle
independence at intermediate and near distances. Extended depth of focus (EDOF) IOLs are designed to create one
continuous focal point for decreased spectacle dependence at distance and intermediate." In contrast, trifocal IOLs split

incoming light into 3 distinct focal points for decreased spectacle dependence at distance, intermediate, and near.”
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The first trifocal IOL approved by the US Food and Drug Administration (FDA) was the AcrySof PanOptix. It is
a diffractive trifocal IOL, distributing 50% of the incoming light for distance vision, 25% for intermediate vision, and
25% for near vision.” Good clinical outcomes have been reported with the AcrySof PanOptix,* ® however, as with any
diffractive IOL, visual disturbances have been observed.”'® A new version of the PanOptix IOL is available in
a hydrophobic acrylic material (Clareon, Alcon Vision, LLC). The main difference between the AcrySof and Clareon
materials is that the AcrySof material incorporates phenylethyl methacrylate (PEMA), while the Clareon material
incorporates hydroxyethyl methacrylate (HEMA) to ensure an even distribution of water'' The water content of the
Clareon material is also higher than that of the Acrysof material (1.5% versus 0.4% at 35°C)."" In addition, the Clareon
material has fewer microvacuoles and an improved manufacturing process, which may improve optical clarity.'* Other
published studies of the Clareon PanOptix to date are from South Korea or Japan or focused solely on toric IOLs."*™'¢
The purpose of this study was to evaluate visual outcomes and quality of vision following bilateral implantation of the

Clareon PanOptix (both toric and non-toric) from patients in the United States.

Methods

This was a prospective, single-arm, observational study of visual outcomes and quality of vision following bilateral
implantation of the Clareon PanOptix IOL. The study was reviewed and approved by an independent institutional review
board (Salus IRB; approval THN-22-001). The study was reviewed by an independent IRB as the study was conducted in
a private practice that does not have an IRB. All subjects gave written informed consent before participation. The tenets
of the Declaration of Helsinki, Health Insurance Portability and Accountability Act (HIPAA), Good Clinical Practice, and
International Harmonization (ICH) guidelines were followed. The study was registered on clinicaltrials.gov
(NCT05518539). Data are not available for sharing.

The study was conducted from September 2022 to June 2024. Subjects were included that were adults (> 40 years),
candidates for uncomplicated bilateral cataract surgery with trifocal IOL implantation, in good ocular health with no
pathology that compromised visual acuity (outside of residual refractive error and cataract), and had expected visual
potential of 20/25 Snellen (0.10 logMAR) or better in each eye. Subjects were excluded if they had corneal pathology,
previous refractive surgery, pre-existing ocular pathology, including maculopathy, or glaucoma limiting or affecting
visual potential.

Preoperative biometry was performed using the IOLMaster 500 (Carl Zeiss Meditec AG). To determine IOL power,
the Barrett Universal II and Alcon Toric formulas were used, targeting emmetropia in each eye. The Clareon PanOptix
toric and non-toric IOLs were bilaterally implanted (CNWTTO0, CNWO0T3, CNWO0T4, CNWO0OT5, CNWOT6). For cylinder
below the toric IOL indication (T3), limbal relaxing incisions were used during surgery.

Binocular uncorrected and distance corrected visual acuities were collected at 1 and 3 months postoperatively at
distance (UDVA, CDVA), intermediate (UIVA, DCIVA; 60 cm), and near (UNVA, DCNVA; 40 cm, 33 cm). Visual
acuities were collected using standard early treatment diabetic retinopathy (ETDRS) charts in logMAR. Questionnaires
about quality of vision (QUVID) and IOL satisfaction (IOLSAT) were administered preoperatively and 3 months
postoperatively. Both the QUVID and IOLSAT are validated and proprietary Alcon questionnaires. On the QUVID,
subjects were asked to rate the frequency, severity, and bothersomeness of dysphotopsias using reference images. On the
IOLSAT, subjects were asked to rate their spectacle independence and visual performance at distance, intermediate, and
near. Refractive outcomes were also collected at 1 and 3 months postoperatively. A binocular defocus curve was
performed at 3 months postoperatively. Areas under the curve were calculated using the trapezoidal numerical integration
method, normalizing the 0.5 D defocus steps. The total defocus range was +1.00 D to —3.00 D, including +0.50 D to
—0.50 D for far, —0.50 D to —2.00 D for intermediate, and —2.00 D to —3.00 D for near.

The primary endpoint was binocular DCNVA at 40cm. Secondary endpoints were binocular UDVA, CDVA, UIVA,
DCIVA, UNVA (40 cm), and refractive outcomes. An exploratory endpoint was binocular DCNVA and UNVA at 33 cm.
We anticipated that enrolling 30 patients would provide sufficient data (accounting for dropout) to characterize the visual
outcomes and quality of vision with the Clareon PanOptix. All statistical analysis were performed using R (version 4.4.0;
The R Foundation for Statistical Computing, Vienna, Austria).
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Results

A total of 30 subjects (60 eyes) were enrolled. Three (3) subjects were lost to follow up before the 1 month visit. Another
three (3) were lost to follow up between the 1 month and 3 month postoperative visits. There were no adverse events
related to the IOL or surgery. Demographics and preoperative data are summarized in Table 1. Limbal relaxing incisions
were performed in all 47 eyes that received a non-toric IOL.

The 3 month postoperative visual outcomes are summarized in Figure 1 and Table 2. Generally, the uncorrected visual
acuities at distance, intermediate, and near were good with 79% of patients 20/25 or better at all distances. Likewise,
distance corrected visual acuities at distance, intermediate, and near were also good with 92% of patients 20/25 or better
at all distances. At extreme near (33 cm) the percentages of patients 20/25 or better for UNVA and DCNVA were 67%
and 79%, respectively. Refractive outcomes at 3 month postoperative are also summarized in Figure 1. The percentages
of eyes with MRSE and residual astigmatism < 0.5 D were 96% and 96%, respectively.

A binocular defocus curve is summarized in Figure 2. Note that the total range is +1.00 D to —3.00 D. Areas under the
curve were 2.02 total, 0.56 for far, 0.80 for intermediate, and 0.44 for near.

The IOLSAT questionnaire asked subjects to describe their spectacle use and visual performance, under different
lighting conditions, at distance, intermediate and near. The results are summarized in Table 3. Spectacle independence
was defined as answering “Never” or “Rarely”, while good visual performance was defined as answering “Very Good” or
“Good”. Generally, spectacle independence and visual performance were higher postoperatively compared to preopera-
tively. Also, on the IOLSAT, 67% of patients reported their postoperative satisfaction as “Satisfied” or “Very Satisfied”
compared to 4% preoperatively.

The QUVID questionnaire asked subjects to rate the frequency, severity, and bothersomeness of seven different visual
disturbances. The results are summarized in Table 4. Generally, visual disturbances were higher preoperatively compared
to postoperatively. The visual disturbances that were rated “Moderate” or “Severe” by the largest percent of subjects were
halos, starburst, and glare at 41%, 36%, and 9%, respectively. However, 9%, 12%, and 0% of subjects were bothered
“quite a bit” or “very much” by halos, starburst, and glare, respectively.

Table | Demographics and Preoperative Data

Parameter Outcomes*®
Number of eyes (patients) 60 (30)
Sex

Female (n) 20

Male (n) 10
Age 65.0 £ 7.7 (49 to 83)
Sphere (D) —0.63 + 3.50 (—10.75 to 3.50)
Cylinder (D) 0.86 + 0.85 (0.00 to 3.75)
MRSE (D) —0.20 * 3.30 (—9.00 to 3.50)
Lens Model (n)

CNWTTO 47

CNWOT3 7

CNWO0T4 |

CNWOT5 3

CNWO0T6 2

Note: *Presented as Mean * SD (Range) or n (%).
Abbreviation: CDVA, corrected distance visual acuity; D, diopters; SD,
standard deviation.
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Figure | Standard efficacy plots for presbyopia correcting intraocular lenses. Cumulative percentage of patients achieving binocular uncorrected and distance corrected
visual acuities at (A) far, (C) intermediate, (E) near; and (G) extreme near distances. (B) Difference in lines between postoperative UDVA and CDVA. (D) Postoperative
manifest refraction spherical equivalent distribution, (F) postoperative refractive cylinder distribution and (H) spherical equivalent stability.

Discussion

We evaluated the clinical outcomes following bilateral implantation of the Clareon PanOptix toric and non-toric IOLs.
Mean postoperative binocular CDVA, DCIVA, DCNVA (40 cm), and DCNVA (33 cm) were —0.04 logMAR, —0.08
logMAR, 0.01 logMAR, and 0.04 logMAR, respectively. These results are better than the monocular CDVA, DCIVA
(70 cm), DCNVA (40 cm), and DCNVA (30 cm) outcomes reported by Yamashita et al'> of —0.05 logMAR, 0.12
logMAR, 0.11 logMAR, and 0.22 logMAR, respectively. However, we would expect binocular outcomes to be superior
compared to monocular outcomes. Our results are also similar to the US FDA clinical trial of the AcrySof PanOptix
(non-toric only), where binocular CDVA, DCIVA, and DCNVA were —0.06 logMAR, —0.01 logMAR, and 0.05 logMAR

respectively.* In addition, our results are similar to other reports of outcomes with the AcrySof PanOptix IOL.>'""°
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Table 2 Postoperative Binocular Visual Acuities (logMAR)

Visual Acuity I Month 3 Months

UDVA 0.00 £ 0.08 (—0.10 to 0.24) 0.02 £ 0.19 (—0.20 to 0.82)
UIVA 60 cm —0.04 + 0.08 (—0.20 to 0.16) | —0.08 = 0.09 (—0.24 to 0.10)
UNVA 40cm 0.04 £ 0.09 (—0.08 to 0.30) 0.04 £ 0.12 (—0.24 to 0.22)
UNVA 33cm 0.03 £ 0.10 (-0.16 to 0.32) 0.08 £ 0.15 (—0.16 to 0.60)
CDVA —0.02 + 0.07 (-0.14 to 0.22) | —0.04 + 0.08 (—0.16 to 0.22)
DCIVA 60 cm | —0.04 £ 0.08 (—0.20 to 0.10) | —0.08 + 0.10 (—0.20 to 0.12)
DCNVA 40cm | 0.00 £ 0.06 (—0.18 to 0.10) 0.01 £ 0.10 (—0.26 to 0.20)
DCNVA 33cm | 0.04 + 0.08 (—0.14 to 0.18) 0.04 £ 0.11 (—0.18 to 0.28)

Note: Data presented as Mean + SD (Range).

Abbreviations: CDVA, corrected distance visual acuity; DCIVA, distance corrected inter-
mediate visual acuity; DCNVA, distance corrected near visual acuity; SD, standard deviation;
UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity, UNVA,
uncorrected near visual acuity.

Mean postoperative binocular UDVA, UIVA, UNVA (40 cm), and UNVA (33 cm) were 0.02 logMAR, —0.08
logMAR, 0.04 logMAR, and 0.08 logMAR, respectively, with the Clareon PanOptix. These results are similar to that
reported by Jo et al,'* where binocular UDVA, UIVA, UNVA (40 cm) and UNVA (33 cm) were 0.04 logMAR, 0.04
logMAR, 0.03 logMAR, and 0.04 logMAR, respectively. Our results are also slightly higher than those reported by
Melendez et al'® in toric IOLs only, where monocular UDVA, UIVA, and UNVA (40 cm) were 0.10 logMAR, 0.18
logMAR, and 0.07 logMAR, respectively. However, we again would expect binocular outcomes to be superior compared
to monocular outcomes. Our binocular defocus curve is similar to that reported by Lee et al,'® however they measured
defocus from 0.00 D to —4.00 D, compared to +1.00 D to —3.00 D in our study.

The uncorrected visual acuities in our study translated into high spectacle independence. Patient reported spectacle
independence with the Clareon PanOptix overall at distance, intermediate, and near was 100%, 93%, and 73%,
respectively, using the IOLSAT questionnaire. Using a different questionnaire, Jo et al'* observed patients reported
spectacle independence of 98%, 100%, and 95% at distance, intermediate, and near, respectively. Studies of the AcrySof
PanOptix have also reported high spectacle independence and satisfaction using a variety of questionnaires.*’-%2%-2!
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Figure 2 Binocular defocus curve including areas under the curve for (T) total, (F) far, (I) intermediate, and (N) near. Error bars represent the standard deviation.
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Table 3 IOLSAT Questionnaire About Spectacle Independence and
Visual Performance

Spectacle Independence Preoperative (%) 3 Months
Postoperative (%)

Distance (Overall) 14 100
Distance (Bright Light) 14 100
Distance (Dim Light) 10 100
Intermediate (Overall) 14 93
Intermediate (Bright Light) 10 93
Intermediate (Dim Light) 7 93
Near (Overall) 3 73
Near (Bright Light) 3 93
Near (Dim Light) 3 80
Visual Performance Preoperative (%) 3 Months

Postoperative (%)

Distance (Bright Light) 0 87
Distance (Dim Light) 0 67
Intermediate (Bright Light) 0 80
Intermediate (Dim Light) 0 80
Near (Bright Light) 0 80
Near (Dim Light) 0 67

A report by Lee et al'® suggested that the visual disturbances with the Clareon PanOptix may be lower than with the
AcrySof PanOptix. On the QUVID questionnaire, the percentages of subjects that were bothered “quite a bit” or “very
much” by starbursts, halos, and glare, were 12%, 9%, and 0%, respectively. This is similar to the results of US FDA trial

Table 4 Summary of QUVID Questionnaire Responses

Frequency Severity Bothersomeness
(%) “Most of the time” or (%) “Moderate” or (%) “Bothered quite a bit” or ‘“Bothered very
“Always” ‘“Severe” much”
Preop 3 Months Preop 3 Months Preop 3 Months
Starbursts 31 24 52 36 38 12
Halos 30 27 33 41 30 9
Glare 52 0 62 9 48 0
Haze 64 4 57 4 54 0
Blurred Vision 50 0 46 0 6l 0
Double Vision 12 0 8 0 12 0
Dark Area 0 0 0 0 0 0
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of the AcrySof PanOptix using the QUVID questionnaire.* Using a different questionnaire, Jo et al'* observed that
moderate to severe visual disturbances were reported by 38% of patients with the Clareon PanOptix.

The primary limitation of this study was the high drop-out rate. A total of 30 subjects were enrolled, but 6 were lost to
follow up. These 6 subjects were only present in Florida for the winter and returned to their primary residences before
completing all visits. The relatively small sample size was also a limitation of this study. However, the sample should be
sufficient to describe the performance of the Clareon PanOptix. Another limitation was the single-arm nature of the study.
We have compared our results to other published studies, however having a direct comparison between the Clareon
PanOptix and AcrySof PanOptix would have allowed for more definitive conclusions to be drawn.

In conclusion, the results of this study suggest that bilateral implantation with the Clareon PanOptix can achieve
excellent visual outcomes and high spectacle independence.
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