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Purpose: While providing exceptional distance visual outcomes, intermediate vision achieved with monofocal IOLs has not been 
thoroughly investigated.
Patients and Methods: A total of 63 eyes from 52 patients (average age 73.48±6.8 years, 56% female) were included for analysis 
following implantation of the Clareon and Clareon Toric monofocal intraocular IOL with AutonoMe (CNA0T0 or CNA0T2-T6) for 
the treatment of cataract or refractive error. Visual and refractive outcomes including uncorrected distance, intermediate and near 
visual acuity, distance-corrected intermediate and near visual acuity, manifest refraction and defocus were first assessed at 4–6 weeks 
and then again at 12 weeks following surgery. Patient satisfaction was assessed using a modification of the IOLSAT questionnaire and 
subjective visual quality was assessed using a modified version of the QUVID questionnaire.
Results: Average postoperative spherical equivalent (SE) was −0.17±0.40 D, with 82% and 96% of eyes achieving within ±0.5 D and 
±1.0 D of the refractive SE target, respectively. Average monocular uncorrected distance visual acuity (UDVA) and uncorrected 
intermediate visual acuity (UIVA) were 0.03±0.10 and 0.35±0.13 LogMAR. Postoperative UIVA improved with more myopic SE (P < 
0.0001) and spherical refractive error (P < 0.0001). Bilaterally implanted patients had higher spectacle independence for intermediate 
tasks compared to unilateral patients (51.1% versus 31.2% respectively).
Conclusion: The Clareon monofocal IOL provided excellent distance vision with a majority of patients achieving spectacle 
independence for intermediate tasks. While the IOL likely contributed to these visual outcomes, surgeons can also adjust refractive 
targets to help achieve better intermediate vision postoperatively.
Keywords: Clareon, monofocal IOL, visual performance, intermediate visual acuity, spectacle Independence

Introduction
Monofocal lens designs are the most frequently implanted intraocular lenses (IOLs) globally, accounting for 80% of 
implantations.1 They provide an affordable lens option that offers a more natural visual experience relatively free of 
visual disturbances. While their simplistic design generally features a single refractive zone that maintains visual quality 
and provides excellent aimed vision, they generally provide lower spectacle independence than what is achievable with 
multifocal IOLs.

While spherical IOL models retain the total corneal spherical aberration (SA) of the eye for the average patient, 
aspheric IOLs were developed to correct corneal SA, thereby improving quality of vision. However, a small amount of 
positive SA is known to improve intermediate vision by introducing distance blur and extending the longitudinal range of 
focus.2 This is often exploited with the introduction of enhanced monofocal IOLs, which are marketed as providing 
a balance of good distance and improved intermediate vision compared to standard monofocal IOLs. This may, however, 
compromise visual quality and a balance between SA and depth of focus (DoF) therefore needs to be achieved. There is 
still contention in the literature regarding what amount of induced SA is optimal for increasing DoF while maintaining 
good distance vision. Significantly, there are currently no American National Standards Institute (ANSI) or International 
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Organization for Standardization (ISO) standards to dictate what can and cannot be marketed as an “enhanced mono
focal” IOL.

The Clareon monofocal IOL (Alcon Research, LLC, Fort Worth, TX) is a standard aspheric hydrophobic IOL 
composed of an acrylic polymer material with a high refractive index of 1.55 and an increased water content of 1.5% 
(35°C) relative to the AcrySof material (0.4% at 35°C).3 Specifications for the Clareon and AcrySof IQ monofocal lenses 
are listed in Table 1. This IOL is also available as a toric model. Unlike enhanced monofocal IOLs, the Clareon 
monofocal lens was designed to provide exceptional distance vision, but does not claim to correct for intermediate vision. 
This study aimed to assess postoperative distance and intermediate visual outcomes in eyes that received the Clareon 
monofocal IOL.

Materials and Methods
A total of 63 eyes from 52 patients were recruited following routine phacoemulsification and implantation of Clareon and 
Clareon Toric monofocal IOLs with AutonoMe (CNA0T0 or CNA0T2-T6) for the treatment of cataract or refractive 
error; 11 patients underwent bilateral implantation and 41 patients underwent unilateral implantation as part of the study. 
At recruitment, 21 patients were pseudophakic in the fellow eye, undergoing IOL implantation in the fellow eye prior to 
recruitment in the study. At the completion of the study, 16 patients were unilaterally pseudophakic and 36 patients were 
bilaterally pseudophakic. Sample size was determined by performing a power calculation using preliminary UIVA data 
for Clareon monofocal IOL (clinical data not published), an α-value and a power value of 80%. Exclusion criteria 
included other ocular pathologies that may have compromised visual outcomes (corneal or retinal disease), history of 
keratorefractive procedures, or targeting for near vision. Lens powers were calculated using the Barrett True K Formula 
and a plano±0.25 D refractive target as per usual clinical protocol. Toric IOLs were selected for patients with 
preoperative corneal cylinder of ≥0.75 D. All surgeries were performed by the same surgeon (SA) and followed 
a standardized protocol. Briefly, a 2.3 mm corneal incision was made followed by routine phacoemulsification. The 
Clareon lenses were inserted into the capsular bag using the AutonoMe delivery system. Automated toric alignment was 
used intraoperatively to ensure accurate alignment of toric IOLs. The marking system used, ie either Verion or Callisto, 
was dependent on availability at the hospital. Alignment was checked manually using a slit lamp during postoperative 
assessment. All patients followed the same postoperative drop regimen; 1 drop each of ofloxacin 0.3% ophthalmic 
solution (Ocuflox, Alcon, Fort Worth, TX) and prednisolone acetate 1% ophthalmic suspension (Prednefrin, AbbVie, 
North Chicago, IL) every 2 hours on the day of surgery and every 4 hours thereafter. Ofloxacin 0.3% was continued for 

Table 1 Lens Specifications for the Clareon Monofocal and AcrySof IQ IOLs

Characteristic Clareon AcrySof IQ

Optic type Asymmetric biconvex Asymmetric biconvex

Asphericity −0.2 µm −0.2 µm

Optic material Hydrophobic acrylic Hydrophobic acrylic

Optic diameter 6 mm 6 mm

Overall length 13 mm 13 mm

Haptic angulation 0° planar 0°

Haptic configuration STABLEFORCE™ STABLEFORCE™

Photoprotection UV and blue light filtering UV and blue light filtering

Refractive index 1.55 1.55

Water content 1.5% 0.5%

A-Constant (SKR-T) 119.1 119.0 (SN60WF); 119.2 (SN6AT)
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2 weeks and prednisolone acetate 1% for 4 weeks. Patients were advised to commence ketorolac tromethamine 0.5% 
ophthalmic solution (Acular, Allergan, Irvine, CA) 1 week following surgery, applying 1 drop every 4 hours for 1 week.

Postoperative assessment was performed at 4–6 weeks initially, and then again at 12 weeks following surgery. 
Monocular uncorrected distance (UDVA) and intermediate (UIVA) visual acuity were measured under photopic condi
tions using a Snellen visual acuity chart placed at 6 meters and an intermediate vision chart placed at 66 cm, respectively. 
Distance-corrected visual acuity was measured similarly by placing the distance manifest refraction in a trial frame. 
Monocular best-corrected defocus was performed under photopic conditions using a Snellen chart placed at 6 meters with 
lenses ranging from +1.00 to −2.50. Subjective binocular visual quality was assessed using the Modified Questionnaire 
for Visual Disturbances (M-QUVID) and visual function was measured using the Intraocular Lens Satisfaction (IOLSAT) 
questionnaire. Pupil size and postoperative biometry were measured using an IOLMaster 700 (Zeiss, Hebron, KY) under 
mesopic conditions, corneal tomography was measured using the Pentacam (Oculus, Arlington, WA) and objective visual 
quality (modulation transfer function) was measured using the wavefront analysis function of the iTrace aberrometer 
(Tracey Technologies, Houston, TX).

This study follows the tenets of the Declaration of Helsinki. Approval was obtained from the Human Research Ethics 
Committee, University of Wollongong, and patients provided informed consent prior to inclusion.

Sample Size Calculation
A power calculation was performed using a calculator accessed from clincalc.com/stats/samplesize.aspx using an alpha 
value of 0.05 and power value of 80%. For comparison, previously published data for mean UIVA achieved following 
implantation of the monofocal AcrySof IQ SN60WF IOL (65 eyes; average UIVA = 0.41 UIVA = 0.41±0.12)4 was 
compared to our preliminary data for the Clareon IOL (35 eyes; average UIVA = 0.25±0.13; unpublished). The 
calculation suggested a sample size of 19 eyes was required in order to have sufficient statistical power. We have 
selected a sample size of 75 eyes with an anticipated dropout rate of 20% for a final total of 60 eyes; this is the 
approximate numbers of eyes that receive the Clareon lens within a 3-month period at our clinic and will allow for some 
patient drop-out and exclusion.

Statistical Analysis
Correlation coefficients were calculated to identify relationships between postoperative UIVA and spherical equivalent 
(SE), postoperative refraction, pupil size, and corneal spherical aberration (SA). To determine the relationship between 
UIVA and these variables, the average postoperative UIVA and UDVA was compared among eyes with postoperative 
oblique, with-the-rule (WTR), and against-the-rule (ATR) astigmatism, as well as between eyes that received toric and 
non-toric IOLs considering inter-eye correlation, a mixed-effects model was used and t-test assessed the significance of 
the fixed effects within the model framework. Rates of spectacle independence were compared between unilaterally and 
bilaterally pseudophakic patients using a χ2 correlation test.5 The analysis was conducted using the PROC MIXED 
procedure in SAS (Version 9.4). P values of ≤0.05 were considered statistically significant. A Q-Q plot was used to test 
for normal distribution.

Results
A total of 63 eyes (average age 73.5±6.8 years [range 50–83], 56% female) were enrolled for the study. No other intra- or 
postoperative complications were reported. No eyes developed posterior capsular opacification within the follow-up 
period; one eye was recorded as having visually insignificant posterior capsular opacification postoperatively which did 
not require YAG capsulotomy. Non-toric IOLs were implanted in 39 (62%) eyes, while the other 24 (38%) eyes received 
Clareon Toric IOLs (CNA0T2 = 11 [17%], CNA0T3 = 10 [16%], and CNA0T4 = 3 [5%]). No cases of rotation of toric 
IOLs were observed postoperatively. Average predicted refractive SE (based on IOL power calculation) was −0.19±0.19 
D, with 14.3% of eyes (9 eyes) having a slightly hyperopic predicted SE (range +0.04 to +0.39 D) and 85.7% of eyes (54 
eyes) having a slightly myopic predicted SE (range −0.64 to −0.02 D). Data followed normal distribution.

Visual and refractive outcomes are summarized in Table 2. Average postoperative SE was −0.17±0.40 D, with 82% 
and 96% of eyes achieving within ±0.5 D and ±1.0 D of the refractive SE target, respectively (Figure 1A). Average 
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postoperative refractive cylinder was 0.56±0.41 D with 57% and 94% of eyes achieving within ±0.50 D and ±1.00 D of 
the cylindrical target respectively (Figure 1B). Of those eyes with postoperative refractive cylinder, 11 eyes (24%) had 
oblique astigmatism, 13 eyes (28%) had WTR astigmatism and 22 eyes (48%) had ATR astigmatism. Most eyes (71%) 
achieved UDVA of 0.0 LogMAR or better (Figure 2A), with distance visual acuity of 0.2 LogMAR or better being 
maintained between a range of +0.80 D and −1.00 D of defocus (Figure 2B). UDVA was similar or better than best- 
corrected visual acuity (BCVA) in 43% of eyes, with 17% of eyes being 2 or more LogMAR lines worse compared to 
BCVA (Figure 3). Eyes achieving intermediate visual acuity of 0.3 LogMAR (N6) or better were lower with distance 
correction compared to without correction (41% versus 48%).

While there was a significant positive correlation between postoperative UIVA and SE (P < 0.0001) and sphere 
(P < 0.0001), there was no significant correlation between postoperative UIVA and pupil size (P = 0.21) or axial 
length (P = 0.51) or SA (P = 0.14). While there was no significant correlation between postoperative UIVA and 
magnitude of postoperative cylinder (P = 0.74), patients with postoperative oblique cylinder were over-represented 

Table 2 Postoperative Visual Outcomes 12 weeks 
Following Implantation of Clareon Monofocal IOL.

N 63

Monocular UDVA (LogMAR) 0.03±0.10

Monocular UIVA (LogMAR) 0.35±0.13

Monocular BCVA (LogMAR) −0.04±0.05

Monocular DCIVA (LogMAR) 0.37±0.10

Sphere (D) +0.10±0.43

Cylinder (D) −0.56±0.41

SE (D) −0.17±0.40

Pupil size (mm) at 3 months 3.74±0.79

Axial length (mm) 23.85±2.49

Spherical aberration (µm) at 3 months 0.34±0.14

Abbreviations: BCVA, Best-Corrected Distance Visual Acuity; 
DCIVA, Distance-Corrected Intermediate Visual Acuity; UDVA, 
Uncorrected Distance Visual Acuity; UIVA, Uncorrected 
Intermediate Visual Acuity.

Figure 1 Deviation from target SEQ (A) and amount of refractive astigmatism (B) for 63 eyes 12 weeks following implantation of Clareon monofocal IOL.
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in eyes that achieved UIVA of N6 (0.3 logMAR) or better (18% of total eyes versus 73% of eyes that achieved N6 
or better).

The average UIVA for oblique cylinders was 0.275 LogMAR (from LSMeans), while for WTR cylinders, it was 
0.399 LogMAR. The difference of −0.125 LogMAR between oblique and WTR cylinders is marginally significant with 
a p-value of 0.0556. The average UIVA for oblique cylinders was 0.275 LogMAR, compared to 0.371 LogMAR for ATR 
cylinders. The difference of 0.096 LogMAR is not statistically significant with a p-value of 0.0841.

The average UDVA for eyes with non-toric IOLs was 0.0278 LogMAR, while for eyes with toric IOLs, it was 
0.03034 LogMAR. The difference in UDVA between these groups is −0.00259 LogMAR with a p-value of 0.9283. This 
result indicates that there is no significant difference in UDVA between eyes with toric IOLs and those with non-toric 
IOLs.

Modulation Transfer Function (MTF) as a function of spatial frequency is shown in Figure 2; 50% contrast is 
maintained at a spatial frequency of approximately 9 cpd (Figure 4). The IOLSAT questionnaire was completed for 63 
eyes, and the M-QUVID questionnaire was completed for 62 eyes. Outcomes are summarized in Tables 3 and 4. 
Spectacle independence was generally higher for distance tasks compared to intermediate tasks; a slight majority of 
bilaterally pseudophakic patients reported not requiring spectacles for intermediate tasks at 3 months (55.3%; Table 3). 
While rates of distance spectacle independence were significantly higher in bilaterally pseudophakic patients compared to 

Figure 2 Cumulative monocular visual acuity (LogMAR) (A) and best-corrected defocus curve (B) for 63 eyes 12 weeks following implantation of Clareon monofocal IOLs. 
Abbreviations: BCVA, best-corrected distance visual acuity; DCIVA, distance-corrected intermediate visual acuity; UDVA, uncorrected distance visual acuity; UIVA, 
uncorrected intermediate visual acuity; VA, visual acuity.
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unilaterally pseudophakic patients (χ2 = 12.48; P = 0.001), rates for intermediate spectacle independence were not 
statistically different (χ2 = 2.77, P = 0.1) despite bilaterally pseudophakic patients being 1.8-fold more likely to report not 
needing glasses for intermediate tasks.

Discussion
Despite being marketed as a standard monofocal IOL, early findings suggest that Clareon and Clareon Toric monofocal 
IOLs may provide patients with a greater range of vision than what is expected of standard monofocals. This however 
has not been extensively investigated or peer-reviewed in the clinical setting. This paper will discuss the role the IOL 

Figure 4 MTF for 63 eyes 12 weeks following implantation of Clareon monofocal IOL. 
Abbreviations: Cpd, cycles per degree; MTF, modulation transfer function.

Figure 3 Difference between postoperative monocular UDVA and BCVA for 63 eyes 12 weeks following implantation of Clareon monofocal IOL. 
Abbreviations: BCVA, best-corrected distance visual acuity; UDVA, uncorrected distance visual acuity.
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design plays in intermediate visual acuity with the monofocal Clareon IOL, and how surgeons can utilise or take 
advantage of pre-existing oblique astigmatism and SA in order to maximise intermediate visual outcomes without 
resorting to more expensive IOLS such as enhanced monofocal models.

So-called enhanced monofocal lenses were introduced in an attempt to extend far distance focus.6 However, whether 
these lenses provide superior intermediate vision outcomes compared to monofocals is under debate.6 As previously 
mentioned, there are currently no ANSI or ISO standards for enhanced monofocal IOLs.7

The first available enhanced monofocal IOL, Tecnis Eyhance (Johnson & Johnson, New Brunswick, NJ), claims to 
extend DoF by having a continuous power gradient across the IOL while still correcting the SA of the eye. Both in vitro 
and in vivo studies have reported up to a 1-line improvement in UIVA for Tecnis Eyhance (ICB00) compared to similar 
standard monofocal lenses, although results vary substantially.2,8 Comparative studies have predominantly compared 
outcomes of Tecnis ICB00 with those of Tecnis ZCB00 (Johnson & Johnson, New Brunswick, NJ), the standard 
monofocal IOL that serves as a platform for Eyhance. These studies report that ICB00 improves UIVA numerically 
compared to ZCB00 while achieving similar UDVA and visual quality.8–10 In a study that compared Tecnis Eyhance 
ICB00 with the EDoF lens Tecnis Symfony ZXR00, UIVA and spectacle independence outcomes were similar (Eyhance 

Table 3 Patient Response to IOLSAT Questionnaire. Data Is Compared for Patients Who are Unilaterally or Bilaterally 
Pseudophakic at 1- and 3-months Following Implantation of Clareon Monofocal IOL. Data Is Reported as a Percentage of 
Patients Who Gave a Response With Raw Numbers in Brackets.

1 Month 3 Month

Unilateral (N = 30) Bilateral (N = 33) Unilateral (N = 16) Bilateral (N = 47)

No glasses for intermediate 40% (12) 45.5% (15) 31.2% (5) 55.3% (26)

Rarely glasses for intermediate 30% (9) 21.2% (7) 18.7% (3) 12.8% (6)

Sometimes glasses for intermediate 10% (3) 27.3% (9) 12.5% (2) 17% (8)

Glasses for intermediate most of the time 3.3% (1) 3% (1) 12.5% (2) 8.5% (4)

Always glasses for intermediate 16.7% (5) 3% (1) 25% (5) 6.4% (3)

No glasses for distance 73.3% (22) 87.9% (29) 56.2% (9) 93.6% (44)

Rarely glasses for distance 3.3% (1) 6% (2) 18.7% (3) 4.2% (2)

Sometimes glasses for distance 10% (3) 6% (2) 6.2% (1) 0%

Glasses for distance most of the time 6.7% (2) 0% 0% 2.1% (1)

Always glasses for distance 6.7% (2) 0% 18.7% (3) 0%

Note: N values reflect patients with previous history of unilateral IOL implantation.

Table 4 Patient Response to QUVID Questionnaire. Data Is Compared for Patients Who are Unilaterally or 
Bilaterally Pseudophakic at 1- and 3-months Following Implantation of Clareon Monofocal IOL. Data Is Reported 
as a Percentage of Patients Who Gave a Response With Raw Numbers in Brackets.

1 Month 3 Month

Unilateral (N = 29) Bilateral (N = 33) Unilateral (N = 17) Bilateral (N = 45)

Halos 17.2% (5) 9.0% (3) 0% 15.5% (7)

Glare 48.3% (14) 45.4% (15) 35.3% (6) 46.7% (21)

Positive dysphotopsia 27.6% (8) 21.2% (7) 47.0% (8) 26.7% (12)

Note: N values reflect patients with previous history of unilateral IOL implantation.
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ICB00 group, 36% of patients achieved 0 logMAR or less and 88% ≤0.1 logMAR vs Symfony ZXR00 where 72% of 
patients attained 0 logMAR or less and 100% ≤0.1 logMAR or more), with the Symfony lens resulting in higher 
incidence of glare and halos.11

Results from studies on AcrySof IQ and Clareon, two optically equivalent designs, show that these IOLs also have the 
capacity to provide usable intermediate vision. McCabe et al12 (2022) and Bala et al13 (2022) found that 82% and 83% of 
patients, respectively, achieved 0.2 logMAR or better UIVA with AcrySof IQ, with mean binocular UIVA of 0.139 ± 
0.122 and 0.112 ± 0.163 LogMAR, respectively.

However, in a direct comparison between Tecnis Eyhance ICB00 and AcrySof IQ SN60WF, Cinar et al4 (2021) 
reported better monocular UIVA at 60 cm achieved by the Tecnis Eyhance compared to AcrySof IQ (0.31 ± 0.16 vs 0.41  
± 0.12, P = 0.001). The current study did not record binocular UIVA to avoid the results being skewed by patients who 
were unilaterally implanted (ie likely to have cataract in the companion eye). While the intermediate outcomes reported 
here align well with that reported by Cinar et al4 for the AcrySof IQ and Tecnis Eyhance IOLs, McCabe et al12 and Bala 
et al13 reported better outcomes when UIVA was measured binocularly.

Literature regarding postoperative intermediate outcomes of the Clareon monofocal IOL is more sparse. Blehm and 
Hall14 (2023) assessed patients implanted with the Clareon monofocal IOL specifically and reported better levels of 
intermediate visual acuity than what was reported in Cinar et al4 (2021) for the AcrySof IQ monofocal IOL. Mean 
postoperative binocular uncorrected visual acuity was 0.16 ± 0.13 logMAR and 0.24 ± 0.14 logMAR at 80 cm and 66 cm 
respectively, with 83% and 72% of eyes achieving 0.3 LogMAR or better for UIVA measured at 80 cm and 66 cm 
respectively. Furthermore, in a comparison between Clareon monofocal and Eyhance IOLs, Micheletti et al (2023) 
reported a mean DCIVA of 0.24 ± 0.11 logMAR at 66 cm. He concluded that Clareon monofocal was non-inferior to 
Eyhance in intermediate vision outcomes.15 Postoperative UIVA reported for the current paper (0.35 LogMAR) is 
slightly inferior (approximately 1-line LogMAR) to what was reported by Blehm and Hall14 and Micheletti et al11 and 
may be due to the reporting of binocular data compared to monocular data.

Receiving FDA approval in 2021, the RayOne EMV (Rayner Intraocular Lenses Limited, Worthing, UK) is another 
enhanced monofocal IOL that uses a continuous power profile and induced positive SA to extend depth of focus into the 
intermediate range. Law16,17 (2023) has presented data from bilateral implantation of the RayOne EMV IOL with either 
monovision (−1.25 target in non-dominant eye) or mini-monovision (−0.75 target in non-dominant eye), achieving 
binocular UIVA of 0.15 LogMAR. When measured monocularly and with an emmetropic target, however, UIVA (0.4 
LogMAR) was inferior to what is reported here (0.35 LogMAR). Furthermore, distance visual acuity of 0.2 LogMAR or 
better was only maintained within a defocus range of +0.8 to −1.0 D. Notably, the UDVA in distance-corrected eyes 
reported here for the Clareon monofocal IOL (0.028 LogMAR versus 0.12 LogMAR) was better than what was reported 
by Law.16,17 While recent reports of good intermediate vision outcomes of the Clareon IOL have been published, there 
has been little investigation into the mechanisms that may underlie these findings. Multiple variables, both within the 
visual system and the optical system, may be responsible for the extended range of vision seen with the Clareon 
monofocal lens. Bala et al13 reported functional UIVA (average binocular UIVA of 0.112±0.163 LogMAR) in patients 
receiving the AcrySof IQ SN60WF lens; however, the addition of distance correction appeared to cause a slight reduction 
in intermediate vision function (average binocular DCIVA of 0.196±0.16 LogMAR), suggesting that small amounts of 
residual myopic refractive error may be necessary to achieve increased range of vision. Data presented here support that 
premise, with a positive correlation reported between monocular UIVA and both SE and sphere, and a reduction in 
intermediate vision when distance correction is applied. This would vary depending on the type and magnitude of 
residual refractive error post-surgically. Even with distance correction in place, however, intermediate results are still 
better than might be expected. Furthermore, in some studies, intermediate visual acuity is maintained with distance 
correction in place. Blehm and Hall14 (2023) found the mean binocular distance-corrected intermediate visual acuity for 
the Clareon monofocal CNA0T0 at 80 cm and 60 cm to be 0.16±0.13 logMAR and 0.23 ± 0.14 logMAR, in comparison 
to the uncorrected figures of 0.16 ± 0.13 logMAR and 0.24 ± 0.14 logMAR, respectively. This further elucidates that the 
IOL’s design contributes to the intermediate vision improvement. As previously mentioned, aspheric IOLs are designed 
to correct varying degrees of corneal SA, thereby improving quality of vision.18,19 However, a small amount of positive 
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SA is known to improve intermediate vision by expanding the longitudinal range of focus.2 This optical design is shared 
by monofocals and so-called enhanced monofocal IOLs alike.

With respect to astigmatism, it has been reported that small amounts of WTR astigmatism can help to improve near 
vision.20 To date, little evidence has been published to suggest that oblique astigmatism may play a role in extending 
depth of focus. However, the data presented here suggest that oblique astigmatism may in fact improve intermediate 
visual function more than WTR astigmatism. Despite having a higher amount of postoperative astigmatism, eyes that 
received toric IOLs did not have better postoperative UDVA or UIVA compared to eyes that received non-toric IOLs. 
Furthermore, there was no difference in the amount of postoperative astigmatism between eyes with oblique and WTR 
(0.73 D versus 0.71 D; P = 0.89), or oblique and ATR (0.73 D versus 0.74; P = 0.93) astigmatism. This suggests that it is 
the type of astigmatism, not the amount, that is relevant to postoperative visual outcomes. While inducing oblique 
astigmatism may not be practical when planning surgery, surgeons may be mindful of pre-existing oblique astigmatism 
and may consider leaving a small amount uncorrected. Average postoperative astigmatism in eyes with residual oblique 
cylinder was 0.73±0.34 D. Without further study, it is difficult to say how much residual astigmatism offers the most 
benefit. However, the preliminary findings here suggest that aiming for residual oblique astigmatism of 0.5 to 0.75 D may 
provide better intermediate outcomes without substantially degrading overall vision.

De Luis Eguileor (2020)18 reported that postoperative UIVA correlated with corneal root mean square higher-order 
aberrations (RMS HOAs) and 4th order SA. The Clareon lens has an asphericity value of −0.2 µm, while the virgin 
cornea contributes on average +0.27 µm,21 meaning the average eye may expect to have +0.07 µm of residual SA 
following implantation. While increased SA can compromise visual quality, Nochez et al22 (2011) has reported that 
ocular SA of +0.07 to +0.1 µm may be the best balance between visual quality and depth of focus. When the current 
dataset was separated into two groups, those that achieved UIVA of N6 or better (equivalent to 0.3 LogMAR; Group 1) 
and those that achieved UIVA of N8 or worse (equivalent to 0.4 LogMAR; Group 2), Group 1 was found to have an 
average corneal SA of +0.31 µm versus +0.37 for Group 2. Although there was no statistically significant difference in 
average corneal SA between the groups (P = 0.13), once correction of SA by the IOL is taken into account, Group 1 
would have an average postoperative ocular SA closer to the optimal range suggested by Nochez.22

In an in vitro study, Vega et al (2015)23 reported modulation transfer function (MTF) curves for the AcrySof SN60WF 
IOL, claiming that 50% contrast is maintained at a spatial frequency of approximately 13.5 cpd with a 4 mm pupil. While 
this result is better than what is reported here for the Clareon IOL (50% maintained at 9 cpd; Figure 2), it should be noted 
that the current measurements were performed in vivo, and therefore components of the ocular system may have had an 
effect.

At three months following surgery, patients in the current study were 1.7-fold and 1.8-fold more likely to be 
spectacle independent for distance and intermediate tasks respectively if they were bilaterally pseudophakic compared 
to unilaterally; however, only rates of distance spectacle independence were statistically different between the groups. 
While literature regarding spectacle independence is scarce for monofocal IOLs, Joshi (2023)24 reported a rate of 
spectacle independence of 85% for intermediate tasks in patients that had received the Eyhance ICB00 IOL. While this 
rate is higher than reported for this study (55.3% in bilaterally pseudophakic patients), little information is provided 
regarding postoperative refractive outcomes. The authors state that they used an emmetropic target and there was no 
postoperative refractive error; however, precise numbers were not provided. It should be noted that intermediate vision 
recorded for this study was at 66 cm. There is some debate regarding what should be considered a working 
intermediate distance. While Joshi24 recorded UIVA at 60 cm, it has been suggested that 80 cm provides a more 
realistic point closer aligned to daily lifestyle habits. Nevertheless, the American Optometric Association, the US 
Occupational Safety and Health Administration, and the Canadian Center for Occupational Health and Safety, have 
suggested specific distances for intermediate vision to enhance computer viewing. On average, these recommendations 
converge around 63 cm, emphasizing the significance of intermediate vision. Notably, the American Academy of 
Ophthalmology Task Force recommends assessing intermediate vision at a distance of 66 cm when considering 
extended depth-of-focus IOLs.25,26

Limitations of this study include the lack of a comparison group (direct comparison with eyes that have received an 
enhanced monofocal lens may provide more insight into different outcomes achieved with each) and inclusion of 
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bilaterally implanted eyes which can induce bias. Despite this, these findings provide a valuable insight into how standard 
monofocal IOLs can be used to provide some patients with some functional intermediate vision without resorting to 
potentially more expensive enhanced monofocal IOL models.

Conclusion
Intermediate visual outcomes of monofocal lenses have only recently become a topic of interest in the literature, with 
little investigation being performed into the mechanisms underlying intermediate outcomes. The results published here 
suggest that both postoperative refractive targets and the design of the lens may be underlying mechanisms providing 
postoperative intermediate vision. Furthermore, mild residual oblique astigmatism may further enhance lens performance 
at intermediate range but needs further investigation to assess the useful range of oblique astigmatism. The Clareon lens 
can provide an affordable option for patients who desire a greater degree of spectacle independence than what is 
generally expected from standard monofocal IOLs, but who are willing to continue using spectacles for near tasks. To 
expand on the mechanism contributing to the extended range of vision reported for the Clareon lens, further studies will 
need to be performed.
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