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Purpose: To determine the refractive stability of a new hydrophobic acrylic intraocular lens (IOL) when implanted bilaterally.
Methods: This was a prospective, evaluator masked, single surgeon study of 58 eyes of 29 patients. Patients were bilaterally 
implanted with the Clareon monofocal IOL (CNA0T0, Alcon Vision LLC). Refractive stability was evaluated between 1 and 3 months 
postoperatively. At 3 months postoperatively, data were also collected for binocular uncorrected and distance corrected visual acuities 
at distance (4 m) and intermediate (80 cm and 66 cm) and binocular defocus curve.
Results: Postoperative refraction was statistically equivalent between 1 and 3 months postoperatively (p < 0.001). Mean postoperative 
uncorrected distance visual acuity was −0.01 ± 0.10 logMAR, and mean corrected distance visual acuity was −0.04 ± 0.06 logMAR. 
Mean postoperative uncorrected intermediate visual acuity was 0.16 ± 0.13 logMAR and 0.24 ± 0.14 logMAR at 80 cm and 66 cm, 
respectively. With distance correction in place, mean visual acuity at 80cm and 60cm was 0.16 ± 0.13 logMAR and 0.23 ± 0.14 
logMAR, respectively.
Conclusion: The Clareon monofocal IOL can provide stable refraction, excellent distance vision, and functional intermediate vision 
postoperatively.
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Plain Language Summary
Cataract surgery involves removing the natural opaque lens and replacing it with an artificial clear intraocular lens (IOL). There are 
many different types of IOLs to choose from; however, the most often implanted type of IOL is monofocal. Traditionally, these lenses 
provide good vision when viewing objects at a distance (such as oncoming traffic), but may not provide clear vision at near (such as 
reading a book) or intermediate (such as viewing a digital device). The purpose of this study was to evaluate a new monofocal IOL. 
Specifically, the primary purpose was to determine the refractive stability of a new monofocal IOL when implanted in both eyes. The 
secondary purpose was to assess the visual outcomes at distance and intermediate.

Introduction
Cataract surgery patients have high expectations of excellent visual outcomes following intraocular lens (IOL) implantation. 
Visual outcomes are influenced by the type of IOL, such as a monofocal, multifocal, or extended depth of focus (EDOF) IOL. 
Monofocal IOLs provide good distance vision and are the standard of care to which other types of IOLs are compared. Presbyopia 
correcting IOLs (multifocal and EDOF) are able to offer patients improved visual acuity at intermediate and near distances 
compared to a monofocal IOL, but at the cost of higher visual disturbances, especially using IOLs with diffractive optics.1–4 New 
optical designs are available in monofocal IOLs, with the aim to provide similar distance visual acuity to a standard monofocal 
IOL, but also improved intermediate visual acuity without the compromise of dysphotopsias.5 Functional intermediate visual 
acuity is increasingly important in the day-to-day lives of patients.6
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The Clareon IOL is comprised of a novel hydrophobic acrylic material (Alcon Vision, LLC). Instead of phenylethyl 
methacrylate (PEMA), which is used in the Acrysof material (Alcon Vision, LLC), the Clareon material incorporates hydro
xyethyl methacrylate (HEMA). The Clareon material also contains phenylethyl acrylate and a UV absorber, and has an increased 
water content (1.5% at 35°C) compared to the Acrysof material (0.4% at 35°C).7 Glistenings, first reported in 1984,8 are water 
filled vacuoles within the IOL material, approximately 1 to 30 μm in size.9 Although glistenings have been reported with all types 
of IOL materials, they were observed to be higher with hydrophobic acrylic materials.10 Studies to date have reported minimal 
glistenings with this new Clareon material.11,12 Distance visual acuity has also been demonstrated to be excellent.13 However, as 
this is a relatively new IOL, there are minimal real-world US data on the clinical outcomes with the Clareon monofocal IOL. The 
primary purpose of this study was to determine the refractive stability of the Clareon monofocal IOL when implanted bilaterally. 
The secondary purpose was to assess the visual outcomes at distance and intermediate.

Methods
This was a single arm, prospective, evaluator masked, single surgeon study of the visual outcomes and refractive stability 
of a new hydrophobic acrylic IOL. An institutional review board (IRB) reviewed and approved the study (Salus IRB, 
approval number CB-20-001). This study was registered on clinicaltrials.gov (NCT04936256), and was conducted in 
compliance with Good Clinical Practice (GCP), the tenets of the Declaration of Helsinki, and International 
Harmonization (ICH) guidelines. All subjects gave written informed consent. Data are not available for sharing.

To be eligible for the study, subjects had to be 50 years or older, candidates for bilateral cataract surgery with 
implantation of a non-toric IOL, and in good ocular health other than residual refractive error and cataract. Subjects were 
excluded if they had irregular astigmatism, previous corneal surgery, previous anterior or posterior chamber surgery, 
diabetic retinopathy, macular pathology, or a history of retinal detachment.

Preoperative assessments were performed using Argos (Movu, a Santec Company) for biometry, and Atlas 9000 (Carl Zeiss 
Meditec) for topography. All eyes were targeted for plano or the first minus power using the Barrett Universal II formula and 
implanted with the non-toric Clareon® monofocal IOL (CNA0T0). Preoperative planning was confirmed with intraoperative 
aberrometry (the ORA System® with Verifeye+ TechnologyTM, Alcon Vision LLC). Sutureless microincision phacoemulsifica
tion was performed in eyes by one experienced surgeon (CB), and their standard of care was the postoperative regimen. Refractive 
and visual outcomes were assessed at 1 and 3 months postoperatively. The primary endpoint of this study was refractive stability, 
defined as a spherical equivalent change ≤0.50 D between the 1 and 3 month postoperative visits. Secondary endpoints included 
binocular uncorrected and distance corrected visual acuities at distance (UDVA and CDVA at 4 m) and intermediate (UIVA and 
DCIVA at 80 cm and 60 cm). Binocular defocus curve was also performed at the 3 month postoperative visit. Evaluators (person 
conducting refraction) were masked and did not have access to the 1 month data when conducting and evaluating refractive 
outcomes at the 3 month visit.

All statistical analyses were performed using the statistical software R (version 4.1.2; The R Foundation for Statistical 
Computing, Vienna, Austria). The two one-sided equivalence test (TOST) was used to assess refractive stability (manifest 
refraction spherical equivalent; MRSE), using equivalence bounds of −0.5 D and 0.5 D. Comparisons of parametric data were 
performed using a paired t-test, while comparisons of non-parametric data were performed using the Wilcoxon signed rank test. 
A p-value ≤0.05 was considered significant for all statistical tests. We estimated that the study would require a sample size of at 
least 23 patients (46 eyes) to achieve a power of 90% and a level of significance of 5% (two sided), for detecting a mean of the 
differences of 0.50 D between pairs, and assuming the standard deviation of the differences to be 0.5. For additional power of the 
study and for any possible patients that leave the study prematurely, we aimed to recruit a total of 30 patients (60 eyes).

Results
A total of 31 subjects (62 eyes) were enrolled in the study, of which 29 subjects (58 eyes) completed the study. One 
subject was lost to follow up and one subject passed away (unrelated to treatment). Table 1 outlines the preoperative and 
patient demographics for eyes that completed the study.

The primary endpoint of this study was refractive stability, and refractive outcomes are shown in Table 2. Sphere and 
MRSE were not significantly different between postoperative months 1 and 3 (p > 0.05). Differences for cylinder 
between postoperative month 1 (0.31 ± 0.48) and postoperative month 3 (0.16 ± 0.26) were statistically significant, but 
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not clinically significant. Results of the TOST equivalence test are summarized in Figure 1. The mean of the differences 
in MRSE between 1 and 3 months postoperatively was minimal at 0.03 D. This mean difference was statistically 
significant using the TOST equivalence test (p < 0.001), but not clinically relevant. The MRSE at 1 and 3 months 

Table 1 Preoperative and Demographic Data

Baseline Factor Mean ± SD (Range)

Eyes (participants) 58 (29)
Sex

Female (n) 13

Male (n) 16
Age (Years) 72.1 ± 5.8 (53 to 80)

Cylinder (D) 0.77 ± 0.52 (0.00 to 1.75)

MRSE (D) −1.22 ± 2.48 (−10.38 to 3.12)

Abbreviations: D, diopters; MRSE, manifest refraction spherical equiva
lent; SD, standard deviation.

Table 2 Postoperative Refractive Outcomes (n = 58)

Outcome 1 Month Postoperative  
Mean ± SD (Range)

3 Months Postoperative  
Mean ± SD (Range)

P-value

Sphere (D) −0.19 ± 0.36 (−1.00 to 1.00) −0.15 ± 0.28 (−0.75 to 0.50) 0.50

Cylinder (D) 0.31 ± 0.48 (−1.25 to 1.25) 0.16 ± 0.26 (0.00 to 1.00) <0.001

MRSE (D) −0.04± 0.27 (−0.75 to 0.63) −0.07± 0.29 (−0.75 to 0.75) 0.39

Abbreviations: D, diopters; MRSE, manifest refraction spherical equivalent; SD, standard deviation.

Figure 1 Two one-sided test (TOST) of equivalence for manifest refraction spherical equivalent (MRSE) at 1 and 3 months postoperatively. 
Abbreviations: CI, confidence interval; NHST, null hypothesis statistical test.
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postoperatively was statistically equivalent (p < 0.001). The distribution of residual refractive errors is summarized in 
Table 3.

Binocular uncorrected and distance corrected visual acuities at 3 months postoperatively are summarized in Table 4. 
Postoperative UDVA was good with 97% of subjects 20/25 or better. Postoperative UIVA was also acceptable at 80 cm 
and 66 cm, with 83% and 72% of subjects 20/40 or better. Visual acuities were slightly improved with distance correction 
in place and 100%, 86%, and 72% of subjects had CDVA (4 m), DCIVA (80 cm), and DCIVA (66 cm) 20/40 or better, 
respectively. Figure 2 shows the binocular defocus curve at 3 months postoperatively. At −1.25 D (80 cm equivalent), 

Table 3 Distribution of Residual Refractive Error at 3 Months Postoperative (n = 58)

Outcome 0–0.25D (%) 0.26–0.50D (%) 0.51–0.75D (%) 0.76–1.00D (%) >1.00D (%)

Sphere (D) 94.83 5.17 0.00 0.00 0.00

Cylinder (D) 79.31 13.79 5.17 1.72 0.00

MRSE (D) 91.38 5.17 3.45 0.00 0.00

Abbreviations: D, diopters; MRSE, manifest refraction spherical equivalent; SD, standard deviation.

Table 4 Visual Acuities at 3 Months Postoperative (n = 29)

Binocular Visual Acuity Mean ± SD (Range) logMAR 20/40 or  
Better (%)

20/30 or  
Better (%)

20/25 or  
Better (%)

20/20 or  
Better (%)

UDVA (4 m) −0.01 ± 0.10 (−0.10 to 0.40) 96.55 96.55 96.55 68.97

UIVA (80 cm) 0.16 ± 0.13 (−0.04 to 0.48) 82.76 58.62 41.38 13.79

UIVA (66 cm) 0.24 ± 0.14 (0.04 to 0.52) 72.41 41.38 20.69 0.00

CDVA (4 m) −0.04 ± 0.06 (−0.10 to 0.10) 100.00 100.00 100.00 89.66

DCIVA (80 cm) 0.16 ± 0.13 (−0.10 to 0.48) 86.21 68.97 34.48 10.34

DCIVA (66 cm) 0.23 ± 0.14 (0.02 to 0.52) 72.41 37.93 17.24 0.00

Abbreviations: CDVA, corrected distance visual acuity; DCIVA, distance-corrected intermediate visual acuity; logMAR, log of minimum angle of 
resolution; SD, standard deviation; UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity.
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Figure 2 Binocular defocus curve at 3 months postoperatively. 
Abbreviations: D, diopters; logMAR, log of minimum angle of resolution.
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visual acuity was approximately 0.25 logMAR, while at −1.5 D (66 cm equivalent), visual acuity was approximately 0.3 
logMAR.

Discussion
Cataract surgery is a refractive procedure, and success of any IOL is partially determined by its refractive stability. In this 
study, MRSE at 1 month and 3 months postoperative were statistically equivalent, which indicates good refractive 
stability with the Clareon monofocal IOL. Other studies have also reported good refractive stability of the Clareon 
monofocal IOL, and for up to 12 months12–14 and 36 months.15 There was a slight improvement to refractive cylinder 
between 1 month (0.31 D) and 3 months (0.16 D) postoperatively, which was statistically significant but does not appear 
to be clinically relevant. In addition to providing good refractive outcomes, implantation with the Clareon monofocal 
IOL resulted in excellent visual acuity at distance. The percentage of subjects with binocular UDVA and CDVA 20/20 or 
better was 69% and 90%, respectively. Other studies of the Clareon monofocal IOL have reported similar results.11–13,15

To the best of our knowledge, this study is the first report of intermediate visual acuity with the Clareon monofocal 
IOL. Visual acuity at intermediate distances is attracting increased attention, as it is important for the day-to-day 
activities of patients.6 The slight myopia in the postoperative refractions improved UIVA compared to DCIVA, although 
both the binocular UIVA and DCIVA in our study were acceptable for a monofocal IOL. A recent US Food and Drug 
Administration (FDA) trial, using the Acrysof monofocal as a control, reported mean binocular DCIVA of 0.20 logMAR 
at 66 cm,16 compared to 0.23 logMAR in this study. A recent meta-analysis of enhanced monofocal IOLs5 reported that 
the ranges for mean binocular UIVA and DCIVA were 0.03 to 0.17 logMAR17,18 and 0.01 to 0.14 logMAR,17,19 

respectively. The mean UIVA and DCIVA observed in our study fall outside the range reported by the meta-analysis, 
however we are not able to draw any definitive conclusions without conducting a comparative study.

To the best of our knowledge, this is the first report of a binocular defocus curve for the Clareon monofocal IOL. 
From the defocus curve, we would expect mean distance corrected visual acuities at 4 m (0.00 D defocus), 80 cm (−1.25 
D defocus), and 66 cm (−1.5 D defocus) to be −0.01 logMAR, 0.25 logMAR, and 0.3 logMAR, respectively. However, 
mean, CDVA, DCIVA (80 cm), and DCIVA (66 cm) were −0.04 logMAR, 0.16 logMAR, and 0.23 logMAR, 
respectively. Binocular defocus curve testing was the last measurement subjects had at the 3 month postoperative 
visit. It is possible that dry eye reduced the visual acuity of subjects during defocus curve testing, which could explain 
this difference. However, subjects were given rewetting drops as needed. The binocular defocus curve results at 0 D, 
−1.25 D, and −1.5 D in our study also do appear to be within the ranges reported in studies of other monofocal IOLs.15,20 

Other studies have reported differences between defocus curves at −1.50 D compared to the actual visual acuity 
measurement at 66 cm.21,22

We acknowledge that having a single-arm is a limitation of our study. Secondary endpoints were intended to be 
descriptive, with no statistical inference. Future studies comparing visual acuities after implantation with the Clareon 
monofocal to implantation with another monofocal or enhanced monofocal are warranted. Another limitation of this 
study was the follow-up time period. We are not able to draw conclusions about the long-term refractive stability of this 
lens, although our results suggest that refractive is stable up to 3 months postoperatively.

In conclusion, the Clareon monofocal IOL provides stable refraction, excellent distance vision, and functional 
intermediate vision postoperatively. This IOL may be a good option for patients desiring good distance vision and 
functional intermediate vision.
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