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Purpose: To evaluate binocular intermediate visual acuity (IVA), depth of focus, and other visual outcomes achieved with 
a monofocal aspheric intraocular lens (IOL) using pooled data from 2 randomized, double-masked, controlled trials.
Patients and Methods: The studies conducted at 32 sites included patients aged ≥22 years with bilateral cataracts, preoperative 
corneal astigmatism 1.0 D, and lens power 18.0–25.0 D. Patients received bilateral AcrySof IQ IOLs (SN60WF). Primary endpoint 
data were collected at month 6. Binocular uncorrected and corrected distance visual acuity (UDVA and CDVA) at 4 m, binocular 
uncorrected and corrected IVA (UIVA and DCIVA) at 66 cm, manifest refraction spherical equivalent (MRSE), and binocular defocus 
curve at 4 m were assessed under photopic conditions. Validated questionnaires were used to assess spectacle use and quality of vision.
Results: Of 233 patients who received SN60WF, 228 had visual acuity data at 6 months. Under photopic conditions, 51% of the eyes 
had pupils >4 mm, 40% had pupils 3–4 mm, and 9% had pupils <3 mm. Mean ± SD UDVA and CDVA were −0.019 ± 0.110 and 
−0.088 ± 0.082 logMAR, respectively. Mean ± SD UIVA and DCIVA were 0.125 ± 0.145 and 0.196 ± 0.139 logMAR, respectively. 
UIVA and DCIVA of 20/32 or better were achieved by 83% (188/228) and 71% (162/228) of patients, respectively. Mean ± SD MRSE 
was −0.007 ± 0.404 D for the first eye and 0.036 ± 0.371 for the second eye. The defocus curve demonstrated binocular vision of 0.24 
logMAR or better from +1.2 to −1.5 D. Spectacle independence for distance and intermediate vision was reported by 86% and 41% of 
the patients, respectively. Based on questionnaires, 61%, 79%, and 65% of the patients did not experience starbursts, halos, or glare.
Conclusion: A monofocal aspheric IOL (SN60WF) assessed in a large, pooled study provided excellent distance vision and clinically 
functional intermediate vision.
Keywords: Intermediate visual acuity, monofocal aspheric intraocular lens, spectacle Independence, visual quality

Introduction
The refractive properties of the human eye rely on the combination of its 2 lenses: the cornea, which provides 
approximately two-thirds of the optical power and average positive spherical aberration of 0.281 ± 0.086 (range, 
0.058–0.545) µm,1 and the crystalline lens, which provides the remaining optical power and counteracts the corneal 
asphericity with negative spherical aberration.2

If a cataract develops and the crystalline lens is removed, vision may be restored by implantation of an artificial 
intraocular lens (IOL). Monofocal IOLs, which provide only 1 focal point, are the most commonly implanted worldwide. 
These lenses were originally developed with spherical surfaces (eg, AcrySof SA60AT, Alcon Vision LLC, Fort Worth, 
TX, USA; CT LUCIA 221P, Zeiss, Jena, Germany); unlike the crystalline lens, these IOLs do not offset the spherical 
aberration of the cornea and may induce further optical effects. The spherical aberration generated by the aspheric 
curvature of the cornea elongates the focal point of light in the retina, resulting in a certain depth of focus.3,4 Depth of 
focus is desirable in monofocal IOLs, as it expands visual capabilities from clarity at distance only into the intermediate 

Clinical Ophthalmology 2024:18 1491–1501                                                                  1491
© 2024 McCabe et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 5 January 2024
Accepted: 16 May 2024
Published: 28 May 2024

http://orcid.org/0000-0001-5816-7899
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


range (ie, 66–80 cm). Hence, a spherical IOL should, theoretically, provide the eye with the maximum depth of focus (in 
the monofocal category) but may not provide optimal image clarity.2

To improve upon the visual quality achieved with spherical lenses, aspheric monofocal IOLs were produced. These 
IOLs may fully (eg, TECNIS 1 ZCB00 [−0.27 µm asphericity], Johnson & Johnson Vision Care, Inc., Jacksonville, FL, 
USA) or partially (eg, AcrySof IQ SN60WF [−0.2 µm], Alcon Vision LLC; Clareon SY60WF [−0.2 µm], Alcon Vision 
LLC; Vivinex XC1-SP [−0.18 µm], Hoya, Shinjuku City, Japan) correct the spherical aberration of the human cornea, 
balancing the desire for optimal acuity with the benefit of retaining some depth of focus.5,6 Based on a contralateral 
comparison in 75 patients, contrast sensitivity was significantly better with aspheric AcrySof IQ SN60WF versus 
spherical SN60AT IOLs.7 Furthermore, AcrySof IQ IOL provided clinically significant improvements for simulated 
night driving under glare and fog conditions.7

Until recently, monofocal IOLs were not commonly investigated in relation to intermediate visual acuity (IVA). 
Because new multifocal and extended depth of focus (EDOF) IOLs have been evaluated in randomized controlled studies 
and compared with monofocal IOLs, the potential for achieving IVA with aspheric monofocal IOLs has been assessed in 
high-quality clinical studies. Two randomized, double-masked, controlled trials with the same study design investigated 
binocular IVA, depth of focus, and other visual outcomes with AcrySof IQ (SN60WF) versus Vivity EDOF IOL 
(DFT015). This analysis presents a combined assessment of the AcrySof IQ data from these 2 studies.

Methods
Design and Patient Population
This analysis used data from 2 prospective, multicenter, randomized, parallel-group, controlled, assessor- and patient- 
masked trials (NCT03010254 and NCT03274986) that used comparable clinical methods and similarly validated 
questionnaires. The studies were conducted between 21 March 2017 and 26 July 2021 at 32 sites (Australia, Canada, 
Spain, the United Kingdom, and the United States) and included a comparator (AcrySof IQ Vivity model DFT015, Alcon 
Vision LLC). Both studies had a 6-month follow-up.

Included in each study were patients aged ≥22 years with bilateral cataracts requiring surgery, preoperative corneal 
astigmatism <1.0 D, and a calculated lens power between 18.0 and 25.0 D. Exclusion criteria were pregnancy, previous 
intraocular or corneal surgery, desire for monovision correction, history of anterior or posterior segment pathology, 
clinically significant corneal pathology that may affect visual outcomes, clinically significant severe dry eye, or ocular 
surface disease.

Study Procedures
Patients received bilateral AcrySof IQ monofocal aspheric IOLs (model SN60WF) following routine small-incision 
cataract surgery. All eyes were targeted to emmetropia. A suggested A-constant was included as a guideline on the outer 
label of SN60WF; however, investigators were recommended to use their personalized A-constant based on clinical 
experience with SN60WF. Study visits included screening (visit 0), 2 operative visits (for both eye surgeries), and 
postoperative visits (day 1–2, day 7–14, day 30–60, and day 120–180). Primary endpoint data were collected at month 6 
(120–180 days after second eye implantation).

Efficacy Assessments
Binocular corrected and uncorrected visual acuity tests were performed under photopic conditions and reported as 
logMAR. At 6 months after implantation, binocular uncorrected distance visual acuity (UDVA) and corrected distance 
visual acuity (CDVA) were evaluated at 4 m; binocular uncorrected IVA (UIVA) and distance-corrected IVA (DCIVA) 
were evaluated at 66 cm. Manifest refraction spherical equivalent (MRSE) was also assessed at 6 months after 
implantation.

Binocular defocus curve was assessed under photopic conditions at 4 m at 6 months after implantation using corrected 
distance refraction. Visual acuity was assessed between +1.50 D and −2.50 D in 0.5 D defocus steps (except in the region 
from +0.50 D to −0.50 D, which was assessed in 0.25 D steps).
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Photopic pupil sizes of each eye were assessed preoperatively and at 6 months after implantation. Pupil size was 
measured with the NeurOptics VIP-200 or NeurOptics VIP-300 pupilometer (Irvine, CA, USA).

Patient-Reported Outcomes and Spectacle Use
Validated questionnaires were used to assess spectacle use and quality of vision. The 2 studies used slightly different 
questionnaires to assess spectacle use; therefore, data were only pooled for responses that were identical among the 2 
questionnaires.

In one study, the spectacle use questionnaire included the questions, “How often do you wear eyeglasses for distance 
tasks (eg, driving)?” and “How often do you wear eyeglasses for intermediate tasks (eg, computer)?” The response scale 
included “never”, “sometimes”, or “always”. In the other study, the IOL satisfaction (IOLSAT) questionnaire assessed 
spectacle use and included the questions, “In the past 7 days, how often did you need to wear eyeglasses to see far 
away?” and “In the past 7 days, how often did you need to wear eyeglasses to see at arm’s length?” The response scale 
included “never”, “rarely”, “sometimes”, “most of the time”, and “all the time”. Because of the differences in response 
scales used, only data for patient responses of “never” were pooled. Quality of vision without spectacles was assessed 
using the validated IOLSAT questionnaire.

Safety
Visual disturbances, adverse device effects (ADEs), and serious adverse events (SAEs) were assessed at month 6. The 
Questionnaire for Visual Disturbances (QUVID) and Quality of Vision Questionnaire were used to rate frequency, 
severity, and bother of visual disturbances (eg, glare, halos, starbursts). Data were pooled for responses that were 
identical among the 2 studies. Because of slight differences in response scales used, only data for responses of “never” 
(frequency) or “not bothered at all” (bother) were pooled.

Statistical Analysis
The all-implanted analysis set, defined as all randomized eyes that underwent successful IOL implantation, was used to 
assess effectiveness outcomes, including visual acuity, MRSE, binocular defocus, and patient-reported outcomes. 
Binocular defocus curve plots were presented across all studies with the amount of defocus on the x-axis and visual 
acuity on the y-axis; error bars represented 95% CI. The safety analysis set, defined as all eyes with an attempted IOL 
implantation, was used to assess safety outcomes. All data were summarized descriptively.

Statement of Ethics
The studies were conducted in accordance with the ethical principles of the Declaration of Helsinki and the International 
Council for Harmonisation E6 Good Clinical Practice consolidated guidelines and were in compliance with the 
International Organisation for Standardization (ISO) 11,979–7:2014 standards for IOLs and ISO 14155:2011 standards 
on good clinical practice. The analysis was approved by the following institutional review boards (IRB) and independent 
ethics committees: CHU de Québec-Université Laval Hospital du St-Sacrement; Bellberry Human Research Ethics 
Committee; IRB Services; East of England – Cambridge East Research Ethics Committee; El Comité Ético de 
Investigación Clínica del Centro de Oftalmología Barraquer; Trillium Health Partners – Research Office; and 
Chesapeake IRB (currently Advarra, Inc). All patients included in these studies signed informed consent.

Results
Patients
Included in the analysis were 233 patients who received the aspheric monofocal SN60WF IOL in both eyes; 228 patients 
had visual acuity data at the 6 month visit. Mean age was 69.3 years, more than half of the patients were female (55%; 
129/233), and most patients were white (91%; 211/233; Table 1). Under photopic conditions, 51% of the eyes had large 
pupil size >4 mm, 40% of the eyes had medium pupil size 3 to 4 mm, and 9% of the eyes had small pupil size <3 mm at 6 
months after implantation.
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Visual Outcomes
At 6 months after implantation, mean ± SD binocular UDVA and CDVA were −0.019 ± 0.110 and −0.088 ± 0.082 
logMAR, respectively (Figure 1A). At 6 months, 76% of the patients (174/228) achieved UDVA of 20/20 or better (≤0.04 
logMAR), and all patients achieved a UDVA of 20/40 or better (≤0.34 logMAR; Figure 1B). Additionally, 97% of the 
patients (220/228) achieved CDVA of 20/20 or better (≤0.04 logMAR), and all patients achieved CDVA of 20/32 or 
better (≤0.24 logMAR; Figure 1C).

Mean ± SD binocular UIVA and DCIVA were 0.125 ± 0.145 and 0.196 ± 0.139 logMAR, respectively, at 6 months 
after implantation (Figure 2A). In terms of Snellen's equivalent, at 6 months, 83% of the patients (188/228) achieved 
binocular UIVA of 20/32 or better Figure 2B) and 93% of the patients (212/228) achieved binocular UIVA of 20/40 or 
better. At 6 months after implantation, 71% of the patients (162/228) achieved binocular DCIVA of 20/32 or better, and 
89% (202/228) achieved binocular DCIVA of 20/40 or better (Figure 2C).

At 6 months, mean ± SD MRSE was −0.007 ± 0.404 D for the first eye and 0.036 ± 0.371 for the second eye 
(Figure 3A). Most of the first (196/229; 86%) and second eyes (202/228; 89%) were within 0.50 D of emmetropia 
(Figure 3B). MRSE > 1.00 D was reported in 4/229 first eyes (2%) and 2/228 second eyes (1%).

Pooled binocular defocus curve data at 6 months after implantation showed that the aspheric monofocal SN60WF 
IOL achieved binocular visual acuity of 0.24 logMAR or better from +1.2 to −1.5 D (Figure 4).

Patient-Reported Outcomes
When using pooled data from the 2 studies, 86% (165/191) of patients reported never needing to wear spectacles for 
distance vision, and 41% (79/191) reported never needing to wear spectacles for intermediate vision. In one of the studies 
used in this pooled analysis, 95% (105/111) and 59% (66/111) of patients “never” or “rarely” needed to wear spectacles 
for distance vision and intermediate vision, respectively. In the other study, 95% (76/80) and 85% (68/80) of patients 
“never” or “sometimes” wore eyeglasses for distance and intermediate tasks, respectively.

In one study, spectacle-free distance vision under bright conditions was reported as “very good” or “good” by 92% 
(82/89) of patients at 6 months after implantation. Spectacle-free vision at arm’s length (corresponding to intermediate 
vision) under bright conditions was reported as “very good” or “good” by 63% (56/89) of patients at 6 months after 
implantation (Figure 5).

Table 1 Patient Demographics and Baseline 
Characteristics (Safety Analysis Set)

Parameter Patients (N=233)

Age, years

Mean ± SD 69.3±7.1

Range 50, 87
Age group, years, n (%)

<65 55 (24)

≥65 178 (76)
Sex, n (%)

Female 129 (55)
Male 104 (45)

Race, n (%)

White 211 (91)
Asian 8 (3)

Black or African American 2 (1)

American Indian or Alaska native 1 (0.4)
Other 11 (5)
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Safety
At 6 months after implantation, visual disturbances data pooled from QUVID and Quality of Vision Questionnaires from 
the 2 studies showed that 61%, 79%, and 65% of the patients did not experience starbursts, halos, or glare. Data pooled 

Figure 1 Mean photopic binocular UDVA and CDVA at 6 months after implantation of the aspheric monofocal lens (A), cumulative distribution of binocular UDVA (B), and 
cumulative distribution of binocular CDVA (C).
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from both studies showed that 68% of the patients were “not bothered at all” by starbursts or glare and 84% were “not 
bothered at all” by halos. In the study that used the QUVID questionnaire, severe starbursts, halos, and glare were 
experienced by 3%, 1%, and 0% of the patients.

Figure 2 Mean photopic binocular UIVA and DCIVA (66 cm) at 6 months after implantation of the aspheric monofocal lens (A), mean cumulative distribution of binocular 
UIVA (B), and cumulative distribution of binocular DCIVA (C).
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Figure 3 Mean MRSE in first and second eyes at 6 months (A) and cumulative distribution of MRSE in eyes with the aspheric monofocal lenses at 6 months (B). MRSE, 
manifest refraction spherical equivalent. Error bars represent 95% CIs.

Figure 4 Mean binocular defocus curve at 6 months after implantation.
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One SAE of severe photopsia (negative dysphotopsia) was reported and resulted in IOL explantation. One patient had 
bilateral negative photopsia that was a nonserious ADE and resolved without treatment.

Discussion
This analysis assessed visual and other outcomes in patients implanted with AcrySof IQ aspheric monofocal IOLs (model 
SN60WF) targeted for emmetropia. In the cohort of 288 patients, there was excellent distance vision with UDVA of 
−0.019 ± 0.110 logMAR, as expected with a monofocal IOL, and UIVA of 0.125 ± 0.145 logMAR at 66 cm. These data 
were generated by combining control IOL results from 2 similar randomized controlled trials.

Intermediate vision has become increasingly important for patient satisfaction due to the rise in reliance on tasks that 
require functional vision at approximately 66–80 cm. In addition, patients who achieve a high degree of spectacle-free 
distance vision may prefer not to wear glasses for intermediate vision, as this provides increased freedom from visual 
aids throughout their day. Multifocal IOLs have been specifically designed to provide good distance, intermediate, and 
near vision; however, this type of IOL may be associated with visual artifacts including glare, halos, and dysphotopsia.8 

EDOF IOLs that achieve ANSI standards provide good distance, intermediate, and functional near visual acuity without 
dysphotopsia. However, the additional costs associated with these premium lenses may be prohibitive, and they are not 
appropriate for patients with certain comorbidities. Therefore, there is a need for IOLs that can be accessible globally, 
with lower costs and less photic phenomena, providing excellent distance visual acuity with some depth of focus into the 
intermediate range.

SN60WF IOL is a monofocal lens that does not contain EDOF or multifocal optical design features required to 
provide vision to meet every visual demand at intermediate and near ranges. However, the asphericity of SN60WF IOL 
provides −0.20 µm spherical aberration, partially correcting the average human cornea with a mean spherical aberration 
of 0.281 ± 0.086 µm.1,9 Spherical aberration can extend the depth of focus; furthermore, negative spherical aberration has 
been shown to improve intermediate visual acuity.4,10 The asphericity of SN60WF IOL is designed to maximize the 
quality of distance visual acuity while retaining depth of focus capable of providing IVA that meets many of the patient’s 
visual demands at intermediate distances.11

Our results show that on average, the SN60WF IOL can provide patients with either uncorrected or distance-corrected 
IVA at a level that is sufficient to meet most intermediate visual demands. If achieved, this level of IVA approximately 
corresponds to “M0.64” or “6” American-point type reading at 66 cm,12 and enables the patient to perform most 
intermediate tasks, such as viewing a vehicle dashboard, reading from computer screens, and more easily distinguishing 
details in a store. The data from this pooled analysis show that 83% of the patients receiving binocular aspheric 
monofocal SN60WF lenses (targeted for emmetropia) achieved uncorrected intermediate vision of 20/32 Snellen or 
better at 66 cm with minimal dissatisfaction from visual disturbances.

Visual outcomes with aspheric monofocal IOLs may depend, in part, on the individual’s corneal curvature, pupil size, 
and other physical aspects. The effect of these parameters was not assessed in this pooled analysis; however, one of the 
studies (the US FDA trial of Vivity versus AcrySof IQ) reported the SN60WF depth of focus in the small and medium 

Figure 5 Percentage of patients who reported vision in the past 7 days without wearing eyeglasses (6 months after implantation). *“Far away” in bright conditions. †At 
“arm’s length” in bright conditions.
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pupil size groups to be slightly better than the larger pupil size group.13 Further work should be done to investigate which 
patients would receive benefit from aspheric monofocal IOLs and which may not, take into consideration the impact of 
pupil size and other physical correlates.

Although previous studies compared SN60WF and SN60AT, only distance visual acuity was assessed, and IVA data 
were not generated. Spherical IOLs may provide a greater aberration-based depth of focus than aspheric IOLs; therefore, 
future studies should compare the IVA achieved with spherical and aspheric IOLs across similar material platforms.

Recently, modified aspheric monofocal IOLs such as TECNIS Eyhance (model ICB00, Johnson & Johnson Vision 
Care)14,15 and IsoPure (model 123; PhysIOL S.A., Liege, Belgium)16 have become available, and clinical results have 
been published. These IOLs may be marketed as EDOF IOLs in certain countries; however, they have not demonstrated 
that they have achieved the combination of IVA and defocus curve criteria stipulated by the ANSI standards for EDOF 
IOLs.17,18 Similar to SN60WF, these IOLs have aspheric designs that assist with maintaining or modifying the natural 
corneal spherical aberration and, consequently, the depth of focus achieved. However, the asphericity of these IOLs is 
either graduated or zonal in their design across the lens.19,20

The reports of IVA with ICB00 vary in published clinical studies. For those studies that included a sample of at least 
20 patients (40 eyes) targeted for emmetropia, mean monocular UIVA at 66 cm ranged from 0.16 to 0.29 logMAR at ≥3 
months post-implantation, and mean binocular UIVA was 0.07 to 0.17 logMAR.14,17,21–23 In contrast, the intermediate 
vision achieved with standard aspheric monofocal IOLs (ZCB00 and PCB00, Johnson & Johnson Vision Care) was 
significantly worse compared with ICB00 (P<0.001), with mean monocular UIVA of 0.27 to 0.40 logMAR and mean 
binocular UIVA of 0.17 to 0.30 logMAR.14,17,21–23

Published clinical data on IsoPure were more limited at the time of writing; one study (n = 21 patients, 42 eyes) that 
assessed the IsoPure IOL reported a mean monocular UIVA (66 cm) of 0.24 logMAR and a mean binocular UIVA of 0.22 
logMAR at 12 months after implantation.24 A standard monofocal PCB00 had significantly worse monocular and 
binocular UIVA compared with IsoPure (P<0.001), with mean monocular and binocular UIVA of 0.38 and 0.33 
logMAR, respectively.24 Overall, uncorrected intermediate visual acuity at 66 cm achieved under photopic conditions 
with the aspheric monofocal SN60WF when targeting emmetropia was clinically comparable to the results for Eyhance 
and IsoPure. Although differences in methodologies make comparison difficult, SN60WF may have achieved better 
binocular intermediate vision compared with other standard monofocal aspheric IOLs.

The 2 studies analyzed in this pooled analysis had slight variations in the questionnaires; only questions that were 
identical were combined in the analysis. The combined data found a substantial proportion of patients who achieved 
spectacle independence for distance (86%; 165/191) and intermediate (41%; 79/191) vision. In one of the studies, a high 
proportion of AcrySof IQ patients reported “very good” or ‘good’ uncorrected distance (92%; 82/89)) and intermediate 
(63%; 56/89) vision.

AcrySof monofocal IOLs have been on the market for over 20 years.5,6 This combined analysis of 2 randomized 
controlled studies found that the AcrySof IQ lens provided 83% of the patients with uncorrected intermediate visual 
acuity of better than 0.2 logMAR under photopic conditions at 66 cm. This aspheric optical design of AcrySof IQ has 
since been applied to the Clareon IOL material (Alcon Vision LLC),25 where similar visual outcomes would be expected.

Strengths of this pooled analysis include multicenter design, randomized, controlled, double-masked visual acuity 
assessments, large sample size, and the use of validated patient-reported outcome measures to assess spectacle use and 
patient satisfaction. The main limitation of this analysis was the minor differences between the 2 studies, even though the 
same protocols were applied. However, the 2 studies generally provided similar individual results. The current study did 
not assess spherical aberration variations in the study population and its contribution to IVA; analyze visual acuity data 
stratified by pupil size, or compare outcomes with data from spherical IOLs. Future studies should include additional 
head-to-head comparisons to evaluate the relative benefits of different lens designs and assess potential correlations 
between corneal spherical aberration and pupil size with the level of intermediate vision achieved. Furthermore, future 
studies should evaluate whether there is a correlation between postoperative cylinder and sphere power with IVA.

In conclusion, data from a large pool of bilaterally implanted patients from multiple regions indicate that the AcrySof 
IQ aspheric IOL provides excellent distance vision (mean UDVA, −0.019 ± 0.110 logMAR) and clinically functional 
intermediate vision for a substantial proportion of patients (83% of the patients achieved binocular UIVA of 20/32). Most 
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patients were not bothered by halos, starbursts, or glare, and a substantial percentage of patients reported spectacle 
independence for distance (86%) and intermediate vision (41%).

Data Sharing Statement
The data used to support the primary findings of this study are available upon reasonable request from the study sponsor, 
Alcon Research LLC.
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