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Purpose: To compare binocular visual outcomes between the Light-Adjustable Lens (LAL) and the Clareon monofocal toric 
intraocular lens when both are targeting mini-monovision.
Methods: This was a prospective, randomized, double-arm, multi-surgeon study. Subjects were evaluated at 1 and 3 months 
postoperatively. Data collected included monocular and binocular uncorrected and distance corrected visual acuities at distance 
(UDVA, CDVA), intermediate (66 cm; UIVA, DCIVA), and near (40 cm; UNVA, DCNVA), higher order aberrations (HOA), 
administration of the Patient-Reported Spectacle Independence Questionnaire (PRSIQ), manifest refraction, monocular and binocular 
defocus curve, and the postoperative number of visits and days to release of care.
Results: Seventy patients in the Clareon group and 68 in the LAL group completed the study. At three months, Clareon was non- 
inferior to LAL for all binocular corrected and uncorrected visual acuities except UNVA. Spectacle independence for distance, 
intermediate, and near were 91% (64/70), 87% (61/70), and 33% (23/70) (Clareon) vs 93% (63/68), 94% (64/68), and 43% (29/68) 
(LAL). Routine care release took 31.7 ± 13.0 days (Clareon) vs 53.9 ± 17.5 days (LAL) (p < 0.001). Both groups had high refractive 
accuracy at 3 months, however, outcomes with Clareon remained stable from 1 to 3 months, while LAL improved with UV treatment.
Conclusion: Results of this study suggest similarly good refractive and visual outcomes for both Clareon monofocal/toric and LAL 
when both are targeting same mini-monovision.
Keywords: mini-monovision, LAL, Clareon, monofocal

Introduction
Cataract surgery patients are increasingly expecting spectacle independence at far, intermediate, and near following 
intraocular lens (IOL) implantation. Monofocal IOLs are the most popular type of implant, offering good visual outcomes 
at far distances. The Clareon monofocal IOL (Alcon Vision, LLC) is composed of a hydrophobic acrylic material 
containing phenylethyl acrylate blended with some hydroxyethyl methacrylate (HEMA) and a UV absorber with or 
without a blue-light filtering chromophore. We previously reported on the visual and refractive outcomes with the 
Clareon monofocal IOL.1 The results of that study suggested good distance vision, functional intermediate vision, and 
stable refraction for patients.1 Other studies have reported similar outcomes.2–4 However, as with any monofocal implant, 
spectacles may still be needed to see clearly at near distances. Diffractive multifocal and extended depth of focus IOLs 
offer greater spectacle independence at intermediate and near compared to a monofocal, although with the risk of 
unwanted visual disturbances.5–8 In addition, enhanced monofocals may offer improved intermediate vision, compared to 
their parent monofocal IOLs, but with similar distance vision and photic phenomena.9

Another option for patients is the use of mini-monovision, where the dominant eye is targeted for emmetropia and the 
contralateral eye for slight myopia.10 This allows the dominant eye to see clearly at far distances and the non-dominant 
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eye to provide excellent intermediate and functional near vision. Mini-monovision can be achieved using monofocal, 
multifocal, or EDOF IOLs—although monofocal implants may have cost savings and fewer visual disturbances 
compared to multifocal and EDOF lenses.11–13

The light-adjustable lens (LAL; RxSight, Inc.) is a relatively new tool for surgeons to achieve the refractive target 
following IOL implantation. It is currently the only US Food and Drug Administration (FDA) approved IOL capable of 
postoperative IOL sphere and cylinder power adjustment and is indicated for the correction of astigmatism following 
cataract surgery and lens implantation. The LAL contains a special light-sensitive material that responds to ultraviolet 
(UV) light from the Light Delivery Device (LDD; RxSight, Inc). Through a series of treatments, this allows relatively 
non-invasive adjustments to lens refractive power. When the target refraction is achieved, the polymers of the material 
can be “locked-in” with 2 additional UV lock-in treatments to prevent future refractive changes.14 However, compared to 
a fixed power monofocal IOL, the LAL requires more postoperative visits (3–5 total UV treatments) and significant 
costs.15 Studies of the LAL have reported good visual and refractive outcomes for patients, including those with prior 
corneal refractive surgery.16–18 The ability to adjust the lens refractive power allows the LAL to be applied for different 
anisometropia strategies, including blended vision.19 Currently, there is limited data on the use of the LAL for mini- 
monovision. Comparative outcomes between the LAL and monofocal intraocular lenses with similar refractive target 
approach remain largely unreported. The purpose of this study was to compare visual outcomes between the LAL and the 
Clareon monofocal/toric IOL when both are targeting mini-monovision.

Methods
Design
This was a randomized, prospective, double-arm, multi-surgeon, single-site study of visual outcomes with mini- 
monovision between a monofocal toric IOL and an adjustable IOL. There was no masking as the LAL group received 
UV treatment and the Clareon group did not. An independent institutional review board approved the study (Salus IRB, 
approval #CB-23-02). The study was conducted in a private practice, therefore an independent review board was used. 
The study was registered on clinicaltrials.gov (NCT06122103), and followed the tenets of the Declaration of Helsinki, 
and International Harmonization (ICH) guidelines, and Good Clinical Practice (GCP). All study participants gave written 
informed consent before participation.

Participants
Inclusion criteria were adult patients undergoing age-related cataract surgery with expected corrected distance visual 
outcomes of 20/25 or better with regular corneal astigmatism of 0.75 D to 2.50 D (corresponding to on label treatment 
with LAL) and dilated pupil diameter of 7 mm or greater. Exclusion criteria were moderate-severe corneal pathology, 
irregular astigmatism, preexisting macular disease, and other retinal degenerative diseases that is expected to cause future 
vision loss, glaucoma, severe dry eye disease, history of uveitis, ocular herpes simplex viral infection, nystagmus, 
strabismus, zonular laxity or dehiscence, pseudoexfoliation, history of corneal refractive and intraocular surgery, and 
patients taking systemic medication that may increase sensitivity to UV light or that may cause toxicity to the retina.

Eligible subjects were randomized to receive mini-monovision with either the Clareon monofocal/toric IOL (Clareon 
Group) or with the light-adjustable lens (LAL Group). Randomization was performed using block randomization which 
was determined prior to recruitment and applied sequentially to enrolled participants.

Surgery
Preoperative biometry measurements were obtained using the Argos (Movu, a Santec Company) and the Atlas 9000 (Carl 
Zeiss Meditec). Total corneal power was determined using the Argos, which incorporates both anterior and posterior 
corneal astigmatism. Using the Argos and Barrett Universal II and Barrett Toric formulas, the dominant eye was targeted 
for emmetropia and the non-dominant for −1.00 D in the Clareon group, while the LAL group followed the manufac
turer’s recommendation of a +0.25 D target in both eyes. The lens constant used was 119.1 for both the LAL and Clareon 
IOLs. Intraoperative aberrometry (the ORA System® with Verifeye+ TechnologyTM, Alcon Vision LLC) was used to 
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confirm preoperative planning and toric power and final alignment for the Clareon IOL. All patients underwent 
femtosecond laser assisted cataract surgery with the Ally Robotic Cataract Laser System (Lensar). The non-dominant 
eye was completed first followed by the dominant eye one week apart. Clareon monofocal toric and non-toric IOLs 
(Alcon Vision, LLC) and the light-adjustable lens (RxSight) were implanted in each respective group. The refractive lens 
power of the implanted LAL IOLs was adjusted at postoperative visits, approximately 1–3, which began approximately 
17–28 days after 2nd eye surgery and continued approximately weekly until the target refraction was achieved. At these 
visits, a manifest refraction was performed, then eyes were dilated and the LDD treatments were assigned to target 
emmetropia in the dominant eyes and −1.0 D in the non-dominant eyes. When the target refraction was achieved, there 
were 2 subsequent postoperative UV lock-in treatments to finalize the final refractive power of the LAL IOLs, which 
were approximately 1 week apart. In this study, we use the term “mini-monovision” to describe a refractive strategy that 
targets emmetropia in the dominant eye and slight myopia in the non-dominant eye. A final target of −1.00 D was chosen 
to give a reasonable range of vision for both arms without compromising stereoscopic vision.

Intraocular Lenses
The Clareon monofocal IOL incorporates a hydrophobic acrylic material, made up of hydroxyethyl methacrylate 
(HEMA), phenylethyl acrylate, and a UV absorber. It is a single piece fixed power monofocal IOL. The overall length 
is 13 mm, with a 6 mm biconvex aspheric optic. The LAL is a 3-piece silicone IOL. The optic is composed of 
a photoreactive, UV-absorbing silicone material with a biconvex design and a 6.0 mm optic diameter. The haptics are 
manufactured from blue-core polymethylmethacrylate (PMMA) monofilament.

Procedures
All subjects in both groups attended visits at postoperative months 1 and 3 (following the second eye surgery). However, 
subjects in the LAL group attended 3–5 postoperative visits depending on the number of UV treatments needed to adjust 
the desired refractive power. Monocular and binocular uncorrected and distance corrected visual acuities at distance 
(UDVA and CDVA), intermediate (66 cm; UIVA and DCIVA), and near (40 cm; UNVA and DCNVA) were assessed 
using standard Early Treatment Diabetic Retinopathy (ETDRS) charts (Precision Vision). Chart background luminance 
was maintained approximately at 85 cd/m2. The iTrace system (Tracey Technologies) was used to assess higher order 
aberrations (HOA). The aperture size for HOA measurement was determined automatically by the iTrace at the time of 
acquisition. The Cassini topographer (i-Optics) was used to measure pupil sizes under photopic and mesopic conditions. 
Subjects were administered the Patient-Reported Spectacle Independence Questionnaire (PRSIQ). Data were also 
collected for manifest refraction, monocular distance corrected defocus curve, and binocular target corrected defocus 
curve.

Outcome Measures
The key outcome measures included binocular and monocular CDVA, UDVA, DCIVA, UIVA, refractive outcomes, and 
efficiency data (number of days and postoperative visits until routine release of care). Exploratory outcome measures 
included binocular DCNVA, UNVA, monocular and binocular defocus curves, patient-reported outcomes on the PRSIQ, 
and HOAs.

Statistical Analysis
All statistical analyses were performed using the software R (version 4.4.2, The R Foundation for Statistical Computing, 
Vienna, Austria). Visual outcomes were compared using the 2-sample t-test. If the upper boundary of the 95th confidence 
interval was not greater than 0.1 logMAR, non-inferiority was claimed for the Clareon Group compared to the LAL 
Group. A margin of 0.10 logMAR represents 5 letters of visual acuity and has been used in previous FDA clinical 
trials.20 To control the family-wise Type I error rate, non-inferiority of the 3-month postoperative binocular endpoints 
were evaluated using a sequential testing method on outcomes in the following order: CDVA, UDVA, DCIVA, UIVA, 
DCNVA, and UNVA. Testing began on the first outcome in the sequence and stopped when an endpoint could not be 
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confirmed as non-inferior. All other statistical comparisons, as detailed below, were exploratory and should be interpreted 
with appropriate caution.

Exploratory comparisons for defocus curves were achieved using a mixed model for repeated measures, which 
adjusted for any bias from multiple measures with the same subject for the different levels of defocus. From the defocus 
curves, areas under the curve (AUC) below 0.30 logMAR were calculated using the trapezoidal numerical integration 
method, normalizing the 0.5 D defocus steps.21 The total defocus range for AUC was +1.00 D to −2.50 D, including 
+0.50 D to −0.50 D for far and −0.50 D to −2.00 D for intermediate, and −2.00 D to −2.50 D for near. Responses on the 
PRSIQ were compared using the Chi-squared statistic. Higher order aberrations were compared using an analysis of 
variance. Post-hoc exploratory inferential statistics included comparisons for monocular visual outcomes and post
operative HOAs at 3 months postoperatively. These exploratory comparisons were performed using linear mixed effects 
models, which adjusted for any bias from multiple measures with the same subject. In all cases, a p-value ≤0.05 was 
considered significant. We estimated that the study would require a sample of 69 subjects in each group (138 total), 
assuming a difference in mean visual acuity between groups of 0.05 logMAR, a pooled standard deviation of 0.1 
logMAR, a power of 90%, and an alpha of 0.05.

Results
Safety
Participant flow diagram is shown in Figure 1. The preoperative and patient demographics are summarized in Table 1. 
There were no significant differences between groups. There were 6 adverse events in the Clareon group and 14 in the 
LAL group. For the Clareon group, these were YAG laser capsulotomy (4) and dry eye (2). The LAL events included 
YAG laser capsulotomy (4), dry eye (7), Herpes simplex virus keratitis (2), and endophthalmitis (1). Standard graphs for 
IOL studies are shown in Figure 2 for postoperative month 3 (binocular outcomes), in Figures 3 and 4 for postoperative 
month 3 (monocular outcomes) for the dominant and non-dominant eyes, respectively, and in Figures 5 and 6 for 
postoperative month 1 (monocular outcomes) for the dominant and non-dominant eyes.

Visual Outcomes
Table 2 summarizes the 1 and 3 month postoperative binocular visual acuities in both groups. Postoperative month 3 
binocular visual acuities in the Clareon group were confirmed non-inferior to the LAL group for all primary and 
secondary endpoints. However, the exploratory endpoint of UNVA could not be confirmed as non-inferior. In addition, 
binocular UNVA (p < 0.01) and DCIVA (p < 0.01) were significantly lower in the LAL group compared to the Clareon 

Figure 1 Flow diagram of participant progress through the study.
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group with 3.5 - and 3 - letter difference, respectively. Inferential statistics at 1 month between groups are not a fair 
comparison as the LAL group would not have completed the UV treatments or lock-in at this time. Therefore, these 
calculations were not performed, nor were the differences between 1 and 3 months within groups compared. However, 
the data does appear to show binocular intermediate and near visual acuities improved in the LAL group between 
postoperative months 1 and 3 and were stable in the Clareon group. Monocular visual outcomes are summarized in 
Table 3.

Defocus Curves
Binocular target corrected defocus curves at 3 months postoperatively are summarized in Figure 7. Areas under the 
curve (AUCs) were similar between groups at far, intermediate, and total AUC. There was no significant difference 
between the groups for the binocular defocus curve when averaged across defocus levels (p = 0.34). However, there 
were significant group-by-defocus interactions, specifically at +0.50 D (p < 0.01) and +0.25 D (p < 0.01). Monocular 
defocus curves at 3 months postoperatively for the dominant eye in the Clareon group and the dominant and non- 
dominant eyes in the LAL group are also summarized in Figure 7. Note that a Clareon ND defocus curve was not 
collected as part of the study design. There was no significant overall difference between the groups for the 
monocular defocus curve averaged across defocus levels (p = 0.26). However, there were significant group-by- 
defocus interactions, specifically at +0.50 D (p < 0.01), +0.25 D (p = 0.01), and 0.00 D (p = 0.04) for Clareon 
dominant eyes and LAL dominant eyes, and at −1.50 D (p = 0.01), −2.00 D (p < 0.01), and −2.50 D (p = 0.01) for 
Clareon dominant eyes and LAL non-dominant eyes. In the dominant eyes, AUCs were similar between groups at 
far, intermediate, and total AUC between groups. However, the non-dominant eyes in the LAL group had a smaller 
area of functional visual acuity (indicated by the lower AUC) compared to the dominant eyes in both groups.

Refractive Error and Higher-Order Aberrations
Postoperative refractive outcomes are summarized in Table 4. Generally, refractive outcomes in the Clareon group were 
stable between postoperative month 1 and 3, while outcomes were significantly improved in the LAL group at 
postoperative month 3 compared to 1. Postoperative HOAs are summarized in Table 5. At 3 months postoperatively, 
total ocular HOA in the non-dominant eyes were significantly higher (p < 0.01) in the LAL group (0.449) compared to 
the Clareon group (0.306).

Table 1 Preoperative and Demographic Data

Baseline Factor Clareon Group 
n = 70 Subjects, 140 Eyes

LAL Group 
n = 68 Subjects, 136 Eyes

P-value

Gender 0.40

Female 45 (64) 38 (56)

Male 25 (36) 30 (44)
Age (years) 71.7 ± 7.9 (43 to 85) 70.8 ± 7.6 (49 to 84) 0.50

Sphere (D) −0.71 ± 2.75 (−12.75 to 4.75) −1.20 ± 2.72 (−10.00 to 4.50) 0.40

Cylinder (D) 0.97 ± 0.72 (0.00 to 4.25) 1.11 ± 0.72 (0.00 to 3.50) 0.42
MRSE (D) −0.23 ± 2.71 (−12.38 to 4.75) −0.64 ± 2.68 (−10.00 to 4.88) 0.46

Mesopic Pupil Size (mm) 5.11 ± 1.54 (2.53 to 9.00) 5.26 ± 1.49 (2.53 to 8.14) 0.48
Photopic Pupil Size (mm) 3.98 ± 2.05 (1.59 to 8.95) 4.05 ± 2.09 (1.71 to 9.24) 0.82

Axial Length (mm) 23.86 ± 1.12 (21.60 to 26.81) 23.79 ± 1.14 (21.27 to 27.93) 0.64

Anterior Chamber Depth (mm) 3.25 ± 0.41 (1.98 to 4.13) 3.33 ± 0.39 (2.61 to 4.62) 0.11
Lens Thickness (mm) 4.7 ± 0.43 (3.52 to 5.78) 4.6 ± 0.38 (3.54 to 5.50) 0.051

Average K (D) 44.01 ± 1.55 (38.99 to 47.45) 44.21 ± 1.44 (41.47 to 49.04) 0.27

Astigmatism K (D) 0.92 ± 0.52 (0.04 to 2.52) 1.01 ± 0.57 (0.16 to 2.69) 0.18

Abbreviations: D, diopters; MRSE, manifest refraction spherical equivalent; SD, standard deviation.
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Figure 2 Cumulative percentage of patients achieving binocular uncorrected and distance corrected visual acuities, (A) far, (B) intermediate, (C) near.
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Patient-Reported Outcomes and Number of Visits
Postoperative 1 and 3 month responses on the PRSIQ questionnaire are summarized in Tables 6 and 7, respectively. At 3 
months postoperatively, spectacle independence (PRSIQ question 1) was reported for distance, intermediate, and near as 
91% (64/70), 87% (61/70), and 33% (23/70) in the Clareon group, respectively, and 93% (63/68), 94% (64/68), and 43% 
(29/68) in the LAL group, respectively. These differences were not significant between groups for distance (p > 0.99), 
intermediate (p = 0.27), or near (p = 0.31). The percentage of subjects responding “None of the time” when asked about 
overall spectacle use in the last 7 days was 50% (34/68) in the LAL group compared to 39% (27/70) for the Clareon 
group. The mean number of postoperative days until routine release of care was 31.7 ± 13.0 (range 16 to 86) in the 

Figure 3 Standard efficacy plots for intraocular lenses at postoperative month 3 for the dominant eyes. (A) Cumulative percentage of eyes achieving monocular 
uncorrected and distance corrected visual acuity at far, (B) postoperative spherical equivalent prediction error distribution, (C) cumulative percentage of eyes achieving 
monocular uncorrected and distance corrected visual acuity at intermediate, (D) postoperative refractive cylinder distribution, and (E) cumulative percentage of eyes 
achieving monocular uncorrected and distance corrected visual acuity at near.
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Clareon group and 53.9 ± 17.5 (range 35 to 112) in the LAL group (p < 0.001). The mean number of postoperative visits 
until routine release of care was 1.1 ± 0.3 (range 1 to 2) in the Clareon group and 4.2 ± 1.2 (range 3 to 10) in the LAL 
group (p < 0.01). However, this difference is expected due to the UV treatments required in the LAL group.

Discussion
Cataract surgery patients have a variety of options to choose from to reduce spectacle dependence. Mini-monovision can 
be a safe and effective choice to some extent, but outcomes may also be limited by refractive accuracy. The LAL can be 
adjusted after implantation to fine-tune the postoperative refraction. However, the increased out of pocket expenses and 

Figure 4 Standard efficacy plots for intraocular lenses at postoperative month 3 for the non-dominant eyes. (A) Cumulative percentage of eyes achieving monocular 
uncorrected and distance corrected visual acuity at far, (B) postoperative spherical equivalent prediction error distribution, (C) cumulative percentage of eyes achieving 
monocular uncorrected and distance corrected visual acuity at intermediate, (D) postoperative refractive cylinder distribution, and (E) cumulative percentage of eyes 
achieving monocular uncorrected and distance corrected visual acuity at near.
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number of office visits to adjust the optics (compared to a monofocal IOL) are additional burdens on patients and clinical 
practices. In addition, patients receiving LAL treatment must also receive dilation drops at each visit and wear UV 
blocking eyewear until the final lock-in is completed, which would not be required for a standard monofocal implant. The 
question we wanted to answer in this study was whether the adjustability of the LAL will lead to superior postoperative 
outcomes compared to a standard monofocal IOL. We therefore compared postoperative visual acuities, spectacle 
independence, defocus curves between the LAL and the Clareon monofocal/toric IOL when both were targeted for mini- 
monovision. To the best of our knowledge, this is the first report of mini-monovision with the LAL compared to a fixed 
power monofocal/toric IOL.

Figure 5 Standard efficacy plots for intraocular lenses at postoperative month 1 for the dominant eyes. (A) Cumulative percentage of eyes achieving monocular 
uncorrected and distance corrected visual acuity at far, (B) postoperative spherical equivalent prediction error distribution, (C) cumulative percentage of eyes achieving 
monocular uncorrected and distance corrected visual acuity at intermediate, (D) postoperative refractive cylinder distribution, and (E) cumulative percentage of eyes 
achieving monocular uncorrected and distance corrected visual acuity at near.
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Mean binocular uncorrected visual acuities for the LAL group were worse for intermediate and near at 1 month 
postoperatively compared to 3 months. This makes sense given that this was before any UV treatments and the mean 
MRSE at 1 month postoperatively for the LAL group was slightly hyperopic in both the dominant and non-dominant 
eyes. We note that this is in line with the manufacturer recommended starting refractive targets of +0.25 D. Other studies 
have reported similar outcomes for MRSE prior to UV treatments.16,18,22 In addition, there were approximately means of 
0.72 D and 0.74 D of residual astigmatism in both the dominant and non-dominant eyes in the LAL group, respectively. 
The LAL is a spherical IOL that acquires astigmatism correction through UV treatment, which is not performed until at 

Figure 6 Standard efficacy plots for intraocular lenses at postoperative month 1 for the non-dominant eyes. (A) Cumulative percentage of eyes achieving monocular 
uncorrected and distance corrected visual acuity at far, (B) postoperative spherical equivalent prediction error distribution, (C) cumulative percentage of eyes achieving 
monocular uncorrected and distance corrected visual acuity at intermediate, (D) postoperative refractive cylinder distribution, and (E) cumulative percentage of eyes 
achieving monocular uncorrected and distance corrected visual acuity at near.
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Table 2 Postoperative Binocular Visual Acuities

Postoperative Month 1

Parameter Clareon 
Mean ± SD (Range)

LAL 
Mean ± SD (Range)

95% CI for 
Difference in 

Mean*

Non- 
Inferiority

P value

UDVA 0.03 ± 0.09 (−0.20 to 0.24) 0.08 ± 0.12 (−0.14 to 0.42) −0.09 to −0.01 Not Tested Not Tested

UIVA 0.07 ± 0.14 (−0.40 to 0.30) 0.29 ± 0.21 (−0.28 to 0.80) −0.27 to −0.15 Not Tested Not Tested

UNVA 0.30 ± 0.16 (0.06 to 0.68) 0.53 ± 0.17 (0.06 to 0.92) −0.29 to −0.18 Not Tested Not Tested

CDVA −0.04 ± 0.08 (−0.26 to 

0.20)

−0.04 ± 0.07 (−0.20 to 

0.12)

−0.03 to 0.02 Not Tested Not Tested

DCIVA 0.19 ± 0.15 (−0.20 to 0.64) 0.22 ± 0.17 (−0.10 to 0.60) −0.08 to 0.02 Not Tested Not Tested

DCNVA 0.44 ± 0.17 (0.10 to 0.80) 0.50 ± 0.13 (0.22 to 0.72) −0.11 to −0.01 Not Tested Not Tested

Postoperative Month 3

Parameter Clareon 
Mean ± SD (Range)

LAL 
Mean ± SD (Range)

95% CI for 
Difference in 

Mean*

Non- 
Inferiority

P value

UDVA 0.02 ± 0.09 (−0.2 to 0.26) 0.03 ± 0.10 (−0.18 to 0.4) −0.05 to 0.02 Met 0.41

UIVA 0.06 ± 0.11 (−0.16 to 0.34) 0.04 ± 0.09 (−0.22 to 0.26) −0.01 to 0.06 Met 0.11

UNVA 0.25 ± 0.16 (−0.04 to 0.62) 0.18 ± 0.11 (−0.04 to 0.44) 0.02 to 0.11 Not Met < 0.01

CDVA −0.03 ± 0.07 (−0.22 to 
0.22)

−0.03 ± 0.07 (−0.18 to 0.2) −0.03 to 0.02 Met 0.80

DCIVA 0.17 ± 0.12 (−0.18 to 0.44) 0.11 ± 0.11 (−0.12 to 0.4) 0.02 to 0.10 Met < 0.01

DCNVA 0.38 ± 0.17 (−0.04 to 0.74) 0.34 ± 0.16 (0.00 to 0.6) −0.01 to 0.10 Met 0.11

Note: *Clareon – LAL. 
Abbreviations: CDVA, corrected distance visual acuity; DCIVA, distance corrected intermediate 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.

Table 3 Postoperative Monocular Visual Acuities

Postoperative Month 1

Parameter Eye Clareon 
Mean ± SD (Range)

LAL 
Mean ± SD (Range)

P value

UDVA D 0.05 ± 0.09 (−0.20 to 0.22) 0.16 ± 0.16 (−0.12 to 0.70) Not Tested

UDVA ND 0.32 ± 0.22 (−0.12 to 1.00) 0.18 ± 0.16 (−0.12 to 0.74) Not Tested

UIVA D 0.30 ± 0.17 (−0.10 to 0.70) 0.40 ± 0.24 (−0.08 to 0.84) Not Tested

UIVA ND 0.11 ± 0.14 (−0.32 to 0.46) 0.39 ± 0.22 (−0.18 to 0.90) Not Tested

UNVA D 0.55 ± 0.21 (0.10 to 0.94) 0.68 ± 0.20 (0.24 to 1.02) Not Tested

UNVA ND 0.33 ± 0.18 (0.10 to 0.90) 0.63 ± 0.19 (0.12 to 1.04) Not Tested

(Continued)
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least 3–4 weeks after implantation. It is therefore critical that preoperative consultations set appropriate expectations with 
patients, especially those with high preoperative corneal astigmatism.

At 3 months postoperatively, mean UDVA and UIVA were similar between the LAL and Clareon groups, although there 
was a significant difference for UNVA (mean difference of 0.07 logMAR, 3.5 letters in favor of the LAL group). The clinical 
relevance of this difference is uncertain. Likewise for mean monocular UDVA, UIVA, and UNVA at 3 months postoperatively, 
there were no differences between groups greater than 0.10 logMAR. We suspect the differences in visual outcomes between 
the Clareon and LAL groups are due to slight differences in depth of focus, which is likely caused by the higher HOAs in the 
LAL group.23 Further studies would be beneficial to explore this relationship between HOA and depth of focus, specifically 
related to LAL. The binocular uncorrected outcomes for UDVA, UIVA, and UNVA for both the LAL and Clareon groups are 
similar to other reports of mini-monovision using standard monofocal IOLs.24–26 Disparities between our results and those 
from other reports may be due to differences on refractive targets in the dominant and non-dominant eyes between studies.27 

Overall, the results of our study suggest good distance vision and functional intermediate vision with the Clareon monofocal 
IOL and the LAL when both target mini-monovision (−1.00 D).

Table 3 (Continued). 

CDVA D −0.01 ± 0.07 (−0.22 to 0.16) 0.00 ± 0.08 (−0.18 to 0.14) Not Tested

CDVA ND 0.01 ± 0.09 (−0.26 to 0.32) 0.00 ± 0.08 (−0.20 to 0.24) Not Tested

DCIVA D 0.28 ± 0.17 (−0.12 to 0.74) 0.29 ± 0.18 (−0.06 to 0.70) Not Tested

DCIVA ND 0.27 ± 0.17 (−0.20 to 0.62) 0.30 ± 0.17 (−0.1 to 0.60) Not Tested

DCNVA D 0.54 ± 0.20 (0.08 to 0.92) 0.60 ± 0.15 (0.18 to 0.92) Not Tested

DCNVA ND 0.53 ± 0.17 (0.20 to 0.90) 0.57 ± 0.14 (0.16 to 0.84) Not Tested

Postoperative Month 3

Parameter Eye Clareon 
Mean ± SD (Range)

LAL 
Mean ± SD (Range)

UDVA D 0.05 ± 0.10 (−0.14 to 0.42) 0.08 ± 0.12 (−0.18 to 0.44) 0.35

UDVA ND 0.28 ± 0.18 (0.00 to 0.72) 0.26 ± 0.18 (−0.10 to 0.80) 0.45

UIVA D 0.30 ± 0.18 (−0.10 to 0.84) 0.22 ± 0.16 (−0.10 to 0.64) < 0.01

UIVA ND 0.11 ± 0.13 (−0.14 to 0.42) 0.08 ± 0.12 (−0.20 to 0.44) 0.22

UNVA D 0.53 ± 0.18 (0.20 to 0.90) 0.47 ± 0.18 (0.10 to 0.96) 0.01

UNVA ND 0.29 ± 0.16 (0.04 to 0.70) 0.22 ± 0.14 (0.00 to 0.62) < 0.01

CDVA D −0.01 ± 0.07 (−0.20 to 0.14) 0.01 ± 0.08 (−0.20 to 0.30) 0.35

CDVA ND 0.02 ± 0.07 (−0.14 to 0.22) 0.01 ± 0.07 (−0.20 to 0.24) 0.78

DCIVA D 0.26 ± 0.12 (−0.10 to 0.60) 0.23 ± 0.14 (−0.1 to 0.50) 0.14

DCIVA ND 0.25 ± 0.14 (−0.04 to 0.62) 0.22 ± 0.13 (−0.1 to 0.50) 0.32

DCNVA D 0.52 ± 0.16 (0.04 to 0.88) 0.47 ± 0.18 (0.02 to 0.80) 0.0497

DCNVA ND 0.47 ± 0.18 (0.00 to 0.84) 0.45 ± 0.16 (0.02 to 0.80) 0.48

Abbreviations: D, dominant eye; ND, non-dominant eye; CDVA, corrected distance visual acuity; DCIVA, distance 
corrected intermediate visual acuity; DCNVA, distance corrected near visual acuity; NT, not tested; SD, standard 
deviation; UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncor
rected near visual acuity.
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Figure 7 (A) Monocular and (B) Binocular defocus curve including areas under the curve for (F) far, (I) intermediate, (N) near, and (T) total, at 3 months postoperatively. 
Error bars represent the standard deviation.
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Table 4 Postoperative Refractive Outcomes

Postoperative Month 1

Parameter Group Dominance Mean ± SD <0.25D <0.50D <0.75D <1.00D

Cylinder Clareon D 0.11 ± 0.23 (0.00 to 0.75) 83 94 100 100

ND 0.19 ± 0.27 (0.00 to 0.75) 70 91 100 100

LAL D 0.72 ± 0.56 (0.00 to 2.50) 26 44 66 81

ND 0.74 ± 0.58 (0.00 to 2.50) 26 46 59 78

Prediction Error Clareon D −0.07 ± 0.24 (−0.75 to 0.50) 84 97 100 100

ND 0.05 ± 0.35 (0.00 to −1.00) 66 91 99 100

LAL D 0.36 ± 0.41 (−0.75 to 1.12) 37 60 93 97

ND 1.29 ± 0.48 (−0.25 to 2.00) 6 9 13 26

Postoperative Month 3

Parameter Group Dominance Mean ± SD <0.25D <0.50D <0.75D <1.00D

Cylinder Clareon D 0.06 ± 0.18 (0.00 to 0.75) 90 97 100 100

ND 0.06 ± 0.20 (0.00 to 1.00) 91 96 99 100

LAL D 0.07 ± 0.19 (0.00 to 0.75) 88 97 100 100

ND 0.11 ± 0.22 (0.00 to 0.75) 81 97 100 100

Prediction Error Clareon D −0.10 ± 0.30 (−1.00 to 0.62) 79 93 99 100

ND −0.06 ± 0.31 (−1.00 to 0.75) 79 93 99 100

LAL D −0.01 ± 0.24 (−0.50 to 0.50) 82 100 100 100

ND −0.03 ± 0.37 (−1.25 to 1.12) 76 90 97 97

Abbreviations: D, dominant eye; ND, non-dominant eye; SD, standard deviation.

Table 5 Postoperative Month 3 Higher Order Aberrations

Parameter Eye Clareon 
Mean ± SD (Range)

LAL 
Mean ± SD (Range)

P Value

Ocular HOA D 0.36 ± 0.24 (0.090 to 1.660) 0.38 ± 0.21 (0.083 to 0.977) 0.57

Ocular HOA ND 0.31 ± 0.23 (0.030 to 1.701) 0.45 ± 0.25 (0.057 to 1.053) < 0.01

Internal HOA D 0.25 ± 0.18 (0.014 to 1.326) 0.31 ± 0.16 (0.092 to 0.779) 0.02

Internal HOA ND 0.25 ± 0.26 (0.020 to 1.689) 0.40 ± 0.21 (0.085 to 1.262) < 0.01

Corneal HOA D 0.29 ± 0.16 (0.031 to 0.787) 0.31 ± 0.20 (0.043 to 0.850) 0.50

Corneal HOA ND 0.30 ± 0.22 (0.010 to 1.309) 0.37 ± 0.26 (0.056 to 1.42) 0.02

Ocular SA D 0.06 ± 0.05 (0.002 to 0.234) 0.07 ± 0.06 (0.000 to 0.372) 0.10

Ocular SA ND 0.06 ± 0.06 (0.00 to 0.377) 0.10 ± 0.09 (0.001 to 0.337) < 0.01

Internal SA D 0.07 ± 0.06 (0.001 to 0.297) 0.11 ± 0.08 (0.003 to 0.322) 0.09

Internal SA ND 0.07 ± 0.08 (0.006 to 0.531) 0.17 ± 0.12 (0.005 to 0.497) < 0.01

(Continued)
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The uncorrected visual acuities in both the Clareon and LAL groups translated into high patient-reported spectacle 
independence at distance and intermediate, but comparatively lower independence at near. Christenbury and Hall28 

previously reported high spectacle independence with the Clareon monofocal at distance and intermediate. We are not 
aware of any reports of spectacle independence at distance, intermediate, and near for the LAL. Spectacle independence 
was not significantly different between the Clareon and LAL groups, although a higher percentage of subjects reported 
using spectacles “None of the time” overall in the LAL group (50%) compared to the Clareon group (39%). This 

Table 6 Patient Reported Outcomes on the Patient-Reported Spectacle Independence Questionnaire (Percentages of Subjects) at 1 
Months Postoperatively

During the Last 7 Days, How Often Did You Need Glasses or Contacts

Group Question All of the Time Most of the 
Time

Some of the Time A Little of the 
Time

None of the 
Time

Clareon Distance 0 1 0 0 99

Intermediate 0 4 6 9 81

Near 13 14 14 16 43

Overall 0 4 17 29 50

LAL Distance 7 7 1 1 82

Intermediate 10 12 9 7 62

Near 31 29 18 6 16

Overall 6 22 28 26 18

During the Last 7 Days, were You Able to Function Comfortably without Glasses

Group Question All of the time Most of the time Some of the time A little of the time None of the time

Clareon Distance 84 13 3 0 0

Intermediate 71 17 10 1 0

Near 37 23 20 9 11

Overall 43 43 10 4 0

LAL Distance 69 16 7 1 6

Intermediate 43 29 12 7 9

Near 7 15 25 12 41

Overall 10 46 34 6 4

(Continued)

Table 5 (Continued). 

Parameter Eye Clareon 
Mean ± SD (Range)

LAL 
Mean ± SD (Range)

P Value

Corneal SA D 0.09 ± 0.06 (0.001 to 0.232) 0.10 ± 0.08 (0.001 to 0.317) 0.77

Corneal SA ND 0.10 ± 0.08 (0.001 to 0.529) 0.10 ± 0.08 (0.006 to 0.353) 0.80

Abbreviations: D, dominant eye; HOA, higher order aberration; ND, non-dominant eye; SA, spherical aberration; 
SD, standard deviation.
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Table 6 (Continued). 

Taking all things into account, how satisfied or dissatisfied are you with your vision without glasses or contacts

Group Question Completely 
satisfied

Mostly satisfied Moderately 
satisfied

A little satisfied Not at all 
satisfied

Clareon Distance 66 27 6 1 0

Intermediate 56 31 10 3 0

Near 41 20 17 7 14

Overall 43 41 16 0 0

LAL Distance 41 43 7 6 3

Intermediate 29 32 13 13 12

Near 9 12 12 22 46

Overall 13 37 28 13 6

Table 7 Patient Reported Outcomes on the Patient-Reported Spectacle Independence Questionnaire (Percentages of Subjects) at 3 
Months Postoperatively

During the Last 7 Days, How Often did You need Glasses or Contacts

Group Question All of the time Most of the time Some of the time A little of the time None of the time

Clareon Distance 4 1 0 1 93

Intermediate 1 10 3 7 79

Near 11 13 16 23 37

Overall 1 9 16 36 39

LAL Distance 3 1 4 0 91

Intermediate 3 3 4 3 87

Near 4 9 13 25 49

Overall 1 4 10 34 50

During the Last 7 Days, were You Able to Function Comfortably without Glasses

Group Question All of the time Most of the time Some of the time A little of the time None of the time

Clareon Distance 86 6 0 3 6

Intermediate 74 11 3 6 6

Near 37 20 16 10 17

Overall 40 40 10 6 4

LAL Distance 85 9 1 1 3

Intermediate 82 12 3 0 3

Near 47 25 15 10 3

Overall 51 40 4 3 1

(Continued)
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difference can be interpreted as a trend, and not necessarily evidence of a clinically meaningful difference. The patient 
reported outcomes in both the Clareon and LAL groups were similar to the patient reported outcomes in other studies of 
mini-monovision for distance and intermediate vision, but appear lower for near vision.10,27 Differences between other 
published reports and our study may be due to differences in the questionnaires used to assess spectacle independence.

There were a greater number of adverse events in the LAL group compared to the Clareon group. Both groups had the 
same number of YAG laser capsulotomies. However, the LAL group had 2 reports of ocular HSV compared to 0 in the 
Clareon group. We note that patients with a history of ocular HSV are contraindicated for LAL and LDD treatment as the 
UV light may cause reactivation. Dry eye symptoms were also higher in the LAL group (7) compared to the Clareon 
group (2). One possible explanation is that the increased number of visits may have created more opportunities for 
patients to report adverse events.

The LAL is a premium cost IOL. However, patients may wonder if they will achieve better outcomes that justify the 
increased costs. In our study of mini-monovision, the mean binocular uncorrected visual acuities at 3 months post
operatively of the standard monofocal (Clareon) were non-inferior to that of the LAL, using a margin of 0.10 logMAR 
for clinical significance. In addition, the binocular defocus curves and AUCs were similar. We note that our results should 
be interpreted with caution as the total defocus range was +1.00 D to −2.50 D, compared to the suggested range of +1.00 
D to −4.00 D.21 From a clinical practice perspective, there are also additional burdens of technician time and the 
administration of LDD therapy by a qualified provider across multiple patient visits. With the results of our study and the 
costs (both in time and money) associated with each treatment in mind, surgeons and patients can decide if the results are 
worth the costs. We would also note that intraoperative aberrometry was used in our study, which has been reported to 
improve refractive predictability;29,30 however, its use may confound interpretation of the relative cost-effectiveness of 
one IOL compared to the other.

The measured pupil sizes in our study appear larger than those observed in other clinical trials. This is likely due to 
inter-device variability in measured pupil diameter. A study by Fernández et al31 compared the mesopic and photopic 
pupil diameters obtained with two commonly used diagnostic devices in eyes with multifocal IOLs. The authors observed 
significant differences, highlighting that pupil size measurements should be interpreted based on illumination, device, and 
testing distance.

The primary limitation of this study was the relatively short follow up period. Using a 3 month follow up limits, 
conclusions to be drawn about the long term effectiveness of visual performance, refractive outcomes, and spectacle 
independence between the Clareon monofocal IOL and the LAL. In particular, the long term stability of the LAL is 
unknown. Therefore, longer follow up may be needed to assess whether outcomes are maintained. In addition, there was 

Table 7 (Continued). 

Taking all things into account, how satisfied or dissatisfied are you with your vision without glasses or contacts

Group Question Completely 
satisfied

Mostly satisfied Moderately 
satisfied

A little satisfied Not at all 
satisfied

Clareon Distance 70 23 3 0 4

Intermediate 61 27 10 1 0

Near 37 29 11 11 11

Overall 44 39 9 9 0

LAL Distance 75 16 3 3 3

Intermediate 68 24 7 1 0

Near 47 25 13 10 4

Overall 54 35 6 3 1
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no masking of patients—or examiners—since the LAL group received UV treatment and the Clareon group did not. This 
may have influenced the subjective patient-reported outcomes, such as spectacle independence and satisfaction. Visual 
outcomes may have also been affected as unmasked examiners could unintentionally bias testing through differences in 
encouragement or refraction. Finally, as the LAL and LDD are relatively new technologies, we cannot exclude the 
influence of a learning-curve effect on outcomes. Different clinicians may have preferred adjustment timings, magni
tudes, or techniques, which may limit the generalizability of our findings.

Conclusions
The results of this study suggest similarly good refractive and visual outcomes for both Clareon monofocal/toric and 
LAL IOLs when both are targeting same mini-monovision. The Clareon group was able to achieve stable refractive and 
good visual outcomes sooner after surgery. The LAL group had greater depth of field.
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