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Purpose: To assess long-term visual and patient-reported outcomes of the CNWTTx (Clareon® PanOptix®) trifocal intraocular lens in 
a real-world clinical setting.
Methods: A retrospective, non-comparative, real-world observational study performed on 70 eyes from 44 patients who underwent 
standard phacoemulsification and implantation of CNWTT0-T4 trifocal intraocular lens (IOLs) (Alcon Labs, Ft Worth, TX, USA). 
Postoperative testing was performed at 4–6 weeks following surgery and included monocular and binocular uncorrected distance 
(UDVA), intermediate (UIVA) and near (UNVA) visual acuity, distance-corrected intermediate (DCIVA) and near (DCNVA) visual 
acuity, manifest refraction, best corrected distance visual acuity (BCVA), stereoacuity, spectacle independence and monocular and 
binocular mesopic contrast sensitivity (CS). Visual symptoms were recorded using a subjective scale (nil, tolerable, bothersome) and 
satisfaction was recorded using a scale of 1 (least satisfied) to 10 (most satisfied). 6–12 months postoperative VA data on a subset of 
patients (N = 35 eyes) was available to monitor continued vision improvement.
Results: Manifest refraction spherical equivalent (MRSE) was −0.12 ± 0.39 D (mean ± SD) with 88% achieving within ±0.5 D of the 
refractive target. Postoperative monocular UDVA and BCVA (mean ± SD) were 0.05 ± 0.10 LogMAR and −0.01 ± 0.07 LogMAR, 
with 61% and 90% achieving 0.0 LogMAR or better, respectively. Sixty percent of eyes monocularly achieved N5 (approximately 0.18 
LogMAR) or better unaided at near, 77% achieved N6 (approximately 0.2 LogMAR) or better at near, and 68.0% achieved N8 
(approximately 0.1 to 0.2 LogMAR) or better at intermediate. Mean postoperative binocular CS was 1.67 ± 0.26 and mean stereoacuity 
was 124.63 ± 124.35 sec arc. Mean subjective satisfaction score was 8.74 ± 1.12. Bothersome glare and halos were reported by 10% 
and 4.3% of patients, respectively. Full spectacle independence was reported by 92.3% of bilaterally implanted patients.
Conclusion: The CNWTTx IOL provides good vision at all ranges with the majority of patients not requiring spectacles for daily tasks.
Keywords: multifocal IOL, chord mu, cataract

Introduction
With an ageing population, increasing use of digital technology, and patients’ active lifestyles, excellent vision and 
uncompromised visual quality following lens replacement and cataract surgery have been in high demand. Premium 
intraocular lenses (IOLs) such as extended depth of focus and multifocal IOLs provide a greater range of vision 
compared to monofocal IOLs, but higher incidence of visual disturbances such as glare and halos have been reported 
in IOLs with diffractive optics.1

The TFNT00 IOL (AcrySof® IQ PanOptix®; Alcon Labs, Ft Worth, TX, USA) is a non-apodised, aspheric IOL with 
a 4.5 mm central diffractive area with 15 diffractive rings composed of an acrylate/methacrylate copolymer. It is based on 
a quadrifocal design and uses a proprietary optical technology to redistribute the focal point at 120 cm to the distance 
focal point for amplified performance. Light is split into three foci (distance, intermediate at 60 cm, and near at 40 cm), 
with a smoother transition between the zones.2 It has low dependence on pupil size3 and transmits 88% of incoming light 
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to the retina,3 compared to 80–82% which has been reported for other trifocal designs.4 The TFNT00 IOL has been used 
extensively in cataract and presbyopic patients, achieving good visual and refractive outcomes, high rates of patient 
satisfaction and spectacle independence.5 Since the release of the TFNT00 IOL, a new innovative hydrophobic acrylate- 
hydroxyethyl methacrylate copolymer material has been developed for use in more recent IOL models.

The CNA0T0 monofocal IOL was first introduced in 2018 and combined the optic design of the SN60WF with 
a newer cross-linked acrylic optic biomaterial that features a hydrophilic polymer (2-hydroxyethyl-methacrylate) and 
a hydrophobic component (phenylethyl acrylate) (Clareon®; Alcon Labs, Ft Worth, TX, USA). The combination of the 
newer biomaterial, which features a higher water content (ie. 1.5% instead of 0.5% in the acrylate/methacrylate 
copolymer), and the precision edge design6 of the CNA0T0 IOL are intended to improve visual quality by reducing 
glistenings and surface haze7 and mitigating the risks of positive dysphotopsias and surface light scattering.8 Direct 
comparisons between clinical outcomes of the materials is scarce, however, Agarwal and Thornell9 reported a higher 
proportion of patients reporting improved clarity in the eye that received CNA0T0 IOLs compared to SN60WF IOLs.

In 2023, the TNFT00 optic technology was combined with the CNA0T0 material and its precision edge design to produce 
the CNWTTx IOL. Specifications of the CNWTTx IOL are outlined in Table 1. It has been reported that the CNWTTx IOL 
has superior contrast sensitivity (CS) and lower incidence of photopsia compared to TFNT00.10 However, to the authors’ 
knowledge, reports of patient-reported outcomes and real-world clinical populations of the CNWTTx IOL are limited.

This current study reports visual and refractive outcomes of the CNWTTx IOL, with additional focus on patient- 
reported quality of vision and satisfaction, which has not been reported in the literature to date. We also conducted 
correlation analyses to understand the role of chord mu on visual outcomes and visual disturbance profile, with the goal 
to provide clinical recommendations on potential cut-off values.

Methods
Study Design and Inclusion/Exclusion Criteria
This was a real-world retrospective observational study, including 70 eyes from 44 patients that underwent phacoemul
sification and implantation of the CNWTTx (CNWTT0 - CNWTT4) trifocal IOL (Alcon, Ft Worth, TX, USA) for the 
treatment of cataract (37 patients) or refractive lens exchange (RLE) (7 patients). Data was excluded if there was 
significant underlying ocular pathology with the potential to compromise visual outcomes, history of kerato-refractive 
procedures or a non-plano target. A large chord mu (ie. the distance between the pupil centre and visual axis) can cause 
visual disturbances if the visual axis does not align with the central diffractive zone, and as such eyes with preoperative 
chord mu >0.7 mm were not deemed eligible for implantation of the CNWTTx IOL. As this was a real-world study, 
patients with mild and well-controlled ocular comorbidities were implanted with CNWTT0 - CNWTT4, and their data 
included in the analysis, based on the surgeon’s clinical discretion. Twenty-six patients (59%) underwent bilateral 

Table 1 Specifications of the CNWTTx Lens

Optic material UV and blue light-filtering hydrophobic acrylate/methacrylate copolymer

Sphericity Aspheric

Optic diameter 6.0 mm

Optic length 13.0 mm

Haptic configuration C-loop haptics

Haptic angle 0°

A-constant 119.1

Optic type Biconvex diffractive trifocal

Refractive Index 1.55

Water content 1.5%
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implantation of CNWTTx and had data included for both eyes; the remaining patients had data included for one eye only. 
At the time of postoperative testing, 51.4% were pseudophakic in the fellow eye, 38.6% had cataract in the fellow eye 
and 10% were phakic in the fellow eye with no cataract. This study followed the tenets of the Declaration of Helsinki and 
received ethics approval from the University of Wollongong Human Research Ethics Committee (2024/280).

Preoperative and Postoperative Measurements
All procedures were performed by the same surgeon (SA). Biometry was performed preoperatively (IOLMaster700, Zeiss, 
Germany) and lens power was calculated using the Barrett True TK Universal II formula aiming for a target of ±0.25 
D. Eyes with preoperative astigmatism >0.75 D received CNWTTx toric IOL (CNWTT2-4). Standard phacoemulsification 
and aspiration of lens material was performed through a 2.3 mm main incision located temporally. Following this, the IOL 
was implanted and the posterior capsule was polished. Postoperatively, patients complied with the following drop regime; 1 
drop each of ofloxacin (Allergan, Dublin, Ireland) and prednisolone acetate/phenylephrine hydrochloride (Allergan, 
Dublin, Ireland); 2 hourly on the day of surgery and then 4 times a day for 2 weeks and 4 weeks, respectively. Patients 
were advised to commence ketorolac tromethamine (Allergan, Dublin, Ireland) eye drops, one drop four times a day for 
1 week starting after 7 days postoperatively.

Postoperative testing was performed 4–6 weeks following surgery. Monocular uncorrected distance (UDVA), inter
mediate (UIVA) and near (UNVA) visual acuity were measured under photopic conditions using a ETDRS chart placed at 
6 metres and a reading chart placed at the patients’ preferred intermediate (60–80 cm) and near distances (40 cm). 
Manifest refraction and best corrected distance visual acuity (BCVA) were measured using a phoropter and a Snellen 
chart placed at 6 metres under photopic conditions (DMD-FVD-24 DMD Vista Vision Wide VA Tester, DMD Computers, 
Turin, Italy). Distance-corrected intermediate (DCIVA) and near (DCNVA) visual acuity were recorded using a reading 
chart placed at the patients’ preferred intermediate (60–80 cm) and near distances (40 cm). Binocular UDVA, UIVA and 
UNVA were measured for 26 patients that had undergone bilateral IOL implantation ie. patients that received CNWTTx 
IOLs in each eye and were recruited for the study for both eyes. Monocular and binocular (if bilaterally implanted) CS 
was measured using the Pelli-Robson chart under mesopic conditions, within the DMD-FVD-24 DMD Vista Vision Wide 
VA Tester (DMD Computers, Turin, Italy), and corrected stereoacuity was measured for bilaterally implanted patients 
using the Titmus Fly Test under photopic conditions. Patients were prompted to report subjective symptoms, spectacle 
usage, and satisfaction using standardised interview questions; patient-reported incidence of glare and halos were 
recorded using a subjective scale (nil, tolerable, bothersome), and subjective satisfaction was measured using a 1 to 10 
scale whereby 1 denotes highly dissatisfied and 10 denotes highly satisfied. Patient-reported spectacle usage (distance/ 
driving, intermediate/computer work, near/reading, or never used) was translated into level of spectacle independence. 
Modulation transfer function (MTF) was measured using an automated aberrometer (iTrace; Tracey technologies) for 63 
eyes. Visual acuity, stereoacuity, CS and manifest refraction were measured again at 6–12 months for a subset of 35 eyes 
out of the original cohort of 70 eyes.

Statistical Analysis
Correlation between preoperative chord mu, measured using biometry (IOLMaster700, Zeiss, Germany), and UDVA, 
UIVA and UNVA were assessed using a Pearson correlation test (Excel version 2406; Microsoft, Washington, USA). 
Correlation between chord mu and incidence of glare and halos was then assessed using a point-biserial correlation test 
(https://www.socscistatistics.com/tests/biserial/default.aspx). A P-value of ≤0.05 was considered statistically significant.

Results
Data from a total of 70 eyes from 44 patients was included in the analysis. Patient demographics for the total cohort and 
the 6–12 month cohort are outlined in Table 2. Toric IOLs were implanted in 25 eyes (12 eyes received CNWTT2, 11 
eyes received CNWTT3 and 2 eyes received CNWTT4 IOLs) and 45 eyes received CNWTT0 non-toric IOLs. A total of 
35 eyes from 19 patients returned for 6–12 month follow up with the remaining patients lost to follow up. Of these eyes, 
2 eyes received CNWTT2 IOLs, 6 eyes received CNWTT3 IOLs and 1 eye received CNWTT4 IOLs, with the remaining 
26 eyes receiving non toric CNWTT0 IOLs. Based on patient information collected during the preoperative baseline 
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consultation, mild ocular comorbidities were present in 41% of the patients, including dry eyes (N = 15 patients), 
previous corneal ulcer due to Herpes Zoster Ophthalmicus (N = 1), mild dry ARMD (N = 1), and well-controlled primary 
open angle glaucoma (N = 1 patient). No intra- or postoperative complications were reported.

Postoperative outcomes are outlined in Table 3. Mean MRSE at 4–6 weeks was −0.12 ± 0.39 D with 88% and 98.6% 
of eyes achieving within ±0.5 D and ±1.0 D of the refractive target, respectively (Figure 1A). Average postoperative 

Table 2 Preoperative Patient Demographics for the Total 
Cohort and 6–12 Month Testing Cohort

4-6 Week Cohort (N = 70 Eyes from 44 Patients)

Mean (SD) Range

Age 67.26 (7.54) years

Gender 64% female vs. 36% male

Preoperative Sphere (D) +0.25 (2.66) −8.0 - +3.75

Preoperative Cylinder (D) −0.89 (0.60) −2.75–0

Preoperative MRSE (D) −0.20 (2.77) −9.0 - +3.5

Axial Length (mm) 23.83 (1.08) 22.08–26.97

Mean Keratometry (D) 44.03 (1.41) 40.07–47.52

Corneal Cylinder (D) 0.75 (0.45) 0.0–1.88

Chord Mu (µm) 0.31 (0.14) 0.0–0.7

6-12 Month Cohort (N = 35 Eyes from 19 Patients)

Age 68.00 (8.67) years

Gender 68% female vs. 32% male

Preoperative Sphere (D) +0.34 (2.69) −8.0 – +2.75

Preoperative Cylinder (D) −0.95 (0.66) −2.75 - 0

Preoperative MRSE (D) −0.13 (2.75) −8.5 - +2.5

Axial Length (mm) 23.75 (0.86) 22.45–25.53

Mean Keratometry (D) 44.17 (1.31) 43.02–47.52

Corneal Cylinder (D) 0.74 (0.43) 0.14–1.78

Chord Mu (µm) 0.29 (0.13) 0.0–0.7

Table 3 Postoperative Outcomes Measured 4–6 Weeks Following 
Implantation of CNWTTx Lenses

Sample Size (N = 70 Eyes from 44 Patients) Mean (SD) Range

% of eyes (cataract) 84% (37 patients)

% of eyes (RLE) 16% (7 patients)

Postoperative Sphere (D) 0.08 (0.43) −0.75 - +1.75

Postoperative Cylinder (D) −0.41 (0.41) 0.0 - −1.25

Postoperative MRSE (D) −0.12 (0.39) −0.63 - +0.38
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astigmatism was −0.41 ± 0.41 D with 73% of eyes achieving 0.5 D of astigmatism or less (Figure 1B). At 6–12 months 
average SE and astigmatism remained stable at −0.03 ± 0.30 D and −0.39 ± 0.32 D, respectively.

Average postoperative monocular UDVA and BCVA at 4–6 weeks were 0.05 ± 0.10 LogMAR and −0.01 ± 0.07 
LogMAR with 61% and 90% achieving 0.0 LogMAR or better, respectively (Figure 2A). Postoperative UDVA was the 
same as postoperative BCVA in 54% of eyes with 31% of the eyes experienced 1 line improvement in BCVA compared to 
UDVA, which was likely due to residual refractive error during the immediate post-operative period (6 weeks). (Figure 1B). 
At 6–12 months, UDVA and BCVA remained stable at 0.02 ± 0.08 LogMAR and −0.03 ± 0.05 LogMAR, respectively.

At the 4–6 weeks postoperative visit, 68.0% achieved N8 (approximately 0.1–0.2 LogMAR) or better unaided at 
intermediate (Figure 2B), and 60% of eyes achieved N5 (approximately 0.18 LogMAR) or better unaided at near 
(Figure 2C). More eyes achieved near vision of N6 (approximately 0.2 LogMAR) or better without distance correction 
compared to with distance correction (77% versus 67%) (Figure 2C). This was likely attributed to the slightly myopic 
MRSE found in the patient cohort. At 6–12 months, UIVA and UNVA remained stable and were consistent with the 
vision assessed during the initial 4–6 week postoperative period.

For those patients that underwent bilateral implantation, average postoperative binocular UDVA, UIVA and UNVA 
were −0.02 ± 0.06 LogMAR, N8 (approximately 0.1–0.2 LogMAR) at 60–80 cm and N6 (approximately 0.2 LogMAR) 
at 40 cm, respectively. There was no correlation between chord mu and UDVA (r = 0.143, P = 0.239), UIVA (r = −0.006, 
P = 0.960) or UNVA (r = 0.047, P = 0.699).

Average postoperative uncorrected monocular CS for all eyes implanted with CNWTTx IOL was 1.35 ± 0.21 at 
4–6 weeks and 1.48 ± 0.27 at 6–12 months. For the subgroup of 26 patients who had undergone bilateral implantation of 
CNWTTx IOLs, average binocular mesopic CS at 4–6 weeks was 1.67 ± 0.26, and average stereoacuity was 124.63 ± 
124.35 sec arc. At 6–12 months, stereoacuity had improved to 70.77 ± 25.97 sec arc. A mean MTF of 0.5 was maintained 
up to a spatial frequency of 10 cycles per degree (cpd; Figure 3). Average subjective satisfaction rated out of 10 was 8.74 
± 1.12 for the total cohort. For bilaterally implanted patients, average satisfaction increased by 4.93% from 8.7 ± 1.1 after 
the first eye to 9.0 ± 0.8 after the second eye, however this change was not significant (P = 0.26). At 6–12 months, 
average subjective satisfaction score was 9.5 ± 0.58.

Bothersome glare was reported for 7 eyes (10%) with 17 eyes (24.3%) reporting mild glare and 46 eyes (65.7%) reporting 
no glare. Bothersome halos were reported for 3 eyes (4.3%) with 27 eyes (38.6%) reporting mild halos and 40 eyes (57.1%) 
reporting no halos. For bilaterally implanted patients, the incidence of mild and bothersome glare increased from 33.3% to 
38.9% and 5.5% to 11.1% after the first and second eye, respectively. The incidence of mild halos increased from 44.4% to 
72.2% after the first and second eye, while the incidence of bothersome halos remained unchanged (5.5%). There was no 
correlation between chord mu and the incidence of either glare (r = −0.027, P = 0.823) or halos (r = 0.112, P = 0.357).

Figure 1 (A) Deviation from target spherical equivalent target and (B) postoperative residual astigmatism measured 4–6 weeks following implantation of CNWTTx lenses. 
Abbreviation: MRSE, manifest refractive spherical equivalent.
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Figure 2 Cumulative visual acuity measured with and without distance correction at (A) 6 metres, (DVA), (B) 60 cm (IVA) and (C) 40 cm (NVA) at 4–6 weeks following 
implantation of CNWTTx lenses. 
Abbreviations: BCVA, best corrected distance visual acuity; DCIVA, distance corrected intermediate visual acuity; DCNVA, distance corrected near visual acuity; UDVA, 
uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected near visual acuity.
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Full spectacle independence was reported by 78.6% of total patients with 15.7% of patients reported requiring 
spectacles for near vision tasks only, such as small-print reading. When only bilaterally implanted patients were assessed, 
92.3% reported full spectacle independence while a single patient (3.8%) reported requiring spectacles for near tasks 
only, and one patient (3.8%) reported requiring spectacles for near tasks performed under low light.

Discussion
The CNWTTx IOL (CNWTT0-T4) combines the proven trifocal optic in TFNT00 with the innovative material used in 
CNA0T0 and became commercially available in Australia in 2023. This study presents real-world clinical outcomes of 
patients who underwent standard phacoemulsification and implantation of CNWTTx over the last 1–2 years. To our 
knowledge, this study is the first to report CNWTTx visual outcomes in a real-world patient cohort with documented 
mild ocular comorbidities at baseline.

This study reports high refractive accuracy, with 88% of eyes achieving within ±0.5 D of the SE target, consistent 
with previous literature (90–100%).11,12 Average postoperative SE was slightly myopic (ie. −0.12 D) and correcting this 
resulted in a slight decrease in near visual acuity. While tolerance to defocus was not tested as part of this study, data 
provided by the lens manufacturer claims that distance visual acuity of 6/7.5 or better is maintained from a range of +0.5 
D to −2.5 D of blur,13 while independent studies suggest a range of +0.5 D to −3.0.10,14 Hence, it may be of benefit to aim 
for a slightly myopic target or first myopic target when selecting the IOL dioptric power, for example −0.25 D, as this 
may help improve near visual acuity without compromising distance visual acuity.15,16

At 4–6 weeks, the current study reported 61% of eyes achieved UDVA 0.0 LogMAR or better. This compares 
favourably to what was previously reported in the literature; Mendicute et al11 reported 34% of eyes while Garzon et al12 

reported 68% of eyes achieving 0.0 LogMAR or better, and Khoramnia et al14 reported 59%. Average monocular UDVA 
reported in this study (0.05 LogMAR) is similar to that reported by Tuuminen and Jeon17 (0.03 LogMAR), Khoramnia 
et al14 (0.05 LogMAR) and Mendicute et al11 (0.07 LogMAR). Intermediate and near visual outcomes, such as distance 
corrected and unaided visual acuities, have not been consistently reported in the aforementioned publications. However, 
the reported VAs ranged from 0.03 to 0.13 LogMAR for UNVA and −0.01 to 0.01 LogMAR for UIVA. In this current 
study, intermediate and near visual acuities were measured in N notation and hence are not directly comparable to 
previous studies that assessed visual acuities using LogMAR notation. Nevertheless, based on the optical principles of 
the TFNT00 optic, it is expected that intermediate and near visual potential would be similar to that achieved at infinity. 
Hence, it is plausible to expect distance-corrected intermediate and near visual acuities would be similar to the 

Figure 3 Mean modulation transfer function as a function of spatial frequency measured 4–6 weeks following implantation CNWTTx lenses.
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postoperative BCVA of −0.01 ± 0.07 LogMAR in our patient cohort. However, the use of N-notation near chart was 
a limitation inherent to the real-world nature of the study. For future investigations, it will be beneficial to implement 
LogMAR VA charts at intermediate and near, which will allow accurate assessment of threshold visual acuities and direct 
comparison with previously published studies. Another limitation to our intermediate and near assessment was the non- 
standardised working distance. Previous multifocal IOL designs have used 80 cm as an intermediate focal point, while 
the optic of both CNWT and TFNT platforms have their intermediate focal point at 60 cm, reportedly a more “natural” 
focal distance aligned with modern-day patients’ technology-heavy lifestyles. In fact, Mencucci et al18 reported better 
intermediate vision outcomes for the TFNT00 IOL when measured at 60 cm compared to 80 cm. Previous reports of the 
CNWTTx IOL generally recorded intermediate vision at 60–66 cm, and near vision at 40 or 33 cm. Due to the 
retrospective nature of this study and the real-world clinical testing conditions, patients were asked to hold the reading 
chart “approximately 60 cm”, “approximately arm’s length” or “computer distance” away for intermediate vision, and 
“about ruler length” or “phone distance” for near vision. As this distance was not tightly controlled, it is likely that the 
exact distance varied slightly between individuals and could more closely reflect the individual’s preferred working 
distances rather than the distances optimised to the IOL optic.

In terms of continued visual improvement from the 4–6 week immediate postoperative period to the more extended 
6–12 month assessment, it was interesting to note that there was no significant change in UDVA, BCVA, intermediate, 
and near VAs over this period. Of all the visual parameters, stereoacuity was the only measure that had clinically 
significant change from the 4–6 week (124.63 ± 124.35 sec arc) to 6–12 month period (70.77 ± 25.97 sec arc). Patient- 
reported subjective satisfaction score also increased from 8.74 ± 1.12 at 4–6 weeks to 9.5 ± 0.58 at 6–12 months. These 
findings may be due to a combination of factors including the resolution of postoperative dry eye and neuroadaptation, 
which has been shown to take up to 6 months following multifocal IOL implantation.19 Considering only a small subset 
of eyes was assessed at 6–12 months, longer-term follow up with a larger cohort would help elucidate long-term 
outcomes, and may give an insight into the role neuroadaptation plays in visual recovery and patient satisfaction.

In the current study, 92.3% of bilaterally implanted patients reported not requiring spectacles at all while 3.8% 
reported only requiring spectacles for near tasks. Spectacle independence is higher than what was reported following 
bilateral implantation of TFNT00 (83%)20 and for AT Lisa (82.1%),21 as well as what has been reported for the 
CNWTTx IOL (88–89%).22,23 However, spectacle independence can vary substantially between studies, depending on 
factors such as follow up time and methodologies in measuring patient reported outcomes. In this current study, the vast 
majority of patients reported not requiring spectacles for daily tasks, and considering this clinical parameter was obtained 
at 4–6 weeks postoperatively, it has potential to further improve with neuroadaptation and ongoing postoperative 
recovery. Even for unilaterally operated patients, spectacle independence rates were 70.4% with the majority only 
requiring spectacles for near tasks. This is consistent with the overall high satisfaction rate (ie. 8.74 out of 10).

The higher light utility of the CNWTTx optic is designed to optimise CS outcomes compared to other multifocal 
IOLs.24 Even in comparison to its predecessor TFNT00, CNWTTx has been reported to have superior CS which the 
authors attributed to the lower objective scatter index (OSI) of the newly innovated material.10 Normative values for CS 
measured with Pelli-Robson for the healthy 60-year old population has been reported as 1.68.25 The average binocular 
CS reported in this current study was 1.67 ± 0.26, which was comparable to the age-matched population normal and the 
CS range of 1.6426 to 1.9227 in different multifocal IOL models. While CS has been reported to remain within age normal 
limits following CNWTTx implantation, there may be some decrease at higher spatial frequencies.11,14 Due to the use of 
Pelli Robson as our clinical standard of care, this study did not utilise other subjective CS assessments at different spatial 
frequencies. However, ray tracing aberrometry was used (ie. iTrace) to measure MTF, which may be used as supple
mentary data to objectively assess CS. As shown in this current study (Figure 3) MTF of ≥0.5 was maintained up to 
a spatial frequency of 10 cpd. MTF findings can be difficult to compare between reports due to the wide variety of testing 
and reporting methods used. However, Labuz et al28 reported findings of a bench study that compared MTF for five 
presbyopia-correcting IOLs; Triumph, AT Lisa, Synergy, TFNT00 and Trinova Pro C. When measured using polychro
matic light source, a 3 mm pupil and a corneal model that simulated the population average of SA, MTF values at the 
equivalent of 10 cpd ranged from approximately 0.25–0.4, with TFNT00 achieving approximately 0.27. The hydro
xyethylmethacrylate material of the CNWTTx IOL has a higher water content which is designed to minimise glistenings 
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and improve clarity of the IOL, and together with the ENLIGHTEN technology of the optic which theoretically 
maximises light transmission to the retina, may help improve MTF and subjective CS. While the current study reported 
good MTF for this cohort (ie. ≥0.5 up to a spatial frequency of 10 cpd), interpretation of differences between the 
CNWTTx material and other material is limited without a comparison group. Future research that includes direct 
comparison with TFNT00 IOLs will help confirm results reported by Lee et al,10 and elucidate the part the new 
biomaterial plays in ensuring premium visual quality, as the similar optic design will remove confounding factors. 
Automated methods of measuring image quality such as the MTF using iTrace, may also minimise patient errors and 
serve as supplementary information to subjective CS results. Additionally, it may help differentiate between the optical 
quality of the IOL itself and that of the optical system.

The low incidence of bothersome photic symptoms reported in this study is consistent with previous investigations of 
TFNT00 and CNWTTx IOLs, although variations in testing methods were observed due to the nature of different study 
designs. Similarly, the incidence of severe photic phenomena reported here was similar to what has been reported by Lee 
et al, who measured patients’ response utilising simulation images ranging from mild to severe10 Hovanesian et al22 who 
used the PRO questionnaire (Research InSight LLC, Laguna Beach, CA, USA) reported only 7% of eyes reported 
bothersome symptoms, while Mendicute et al11 reported approximately 20% using the QUVID questionnaire. These 
variations may be due to differences in the testing methods. The current study used a subjective scale without simulation 
images and may have the benefit of more closely reflecting standard of care in real-world clinical settings. It is also likely 
that patient responses varied by lifestyle (eg. those that do little or no night driving) and how questions were phrased; the 
use of a validated questionnaire would help make these results more standardised and less affected by subjective 
perception.29 However, each testing method has its own merits and is fit-for-purpose depending on the nature of the 
study. While a subjective scale without simulation images may be appropriate for real-world situations, the use of 
a validated questionnaire may be more informative when the primary purpose is to evaluate the IOL’s optimal 
performance and safety profile.

Preoperative chord mu is often used as an indicator for suitability of multifocal IOLs. A large chord mu, which is 
easily identified preoperatively using biometry, increases the likelihood of IOL decentration and poor visual outcomes as 
the visual axis may not be well aligned with the central diffractive zone. A recent review article recommended surgeons 
avoid implanting multifocal IOLs in eyes with preoperative chord mu ≥0.5 mm.30 This current study did not have specific 
inclusion or exclusion criteria regarding chord mu; all eyes considered suitable for multifocal IOLs were eligible for 
inclusion, and as such, reflects a real-world cohort. A total of 9 eyes had preoperative chord mu ≥0.5 mm. Of these eyes, 
only one eye experienced halos and no eyes experienced glare. Further investigation showed no correlation between 
visual outcomes at any distance, or incidence of glare or halos, and overall incidence of photic phenomenon was very 
low. To clarify the tolerance of the IOL to large chord mu values, these exploratory findings need to be verified via larger 
prospective studies, as the limited sample size in this current study is a limiting factor on statistical power. The edge 
design of the CNA0T0 and CNWTTx IOLs have been modified to reduce the risk of photic phenomena. A bench study 
suggested that the edge curvature and fully functional optic of the CNA0T0 IOL contributed to having lower glare-type 
phenomena6 when compared to other monofocal IOLs. The low incidence and good tolerance of photic symptoms 
reported in this study support these claims. The majority of symptoms, 38.9% for glare and 72.2% for halos, were 
reported as mild or tolerable. This, combined with improved CS and increased spectacle independence, suggests that the 
prevalence of photic symptoms was not clinically significant in the context of overall improved visual function.

Due to the retrospective nature of this study, there were certain limitations that may have affected the reporting of 
study results. The use of an N-notation reading chart held at variable distances, in addition to the inability to measure 
below N4, or approximately 0.1 LogMAR, may have led to inconsistency in reported near and intermediate visual 
outcomes. Although reflecting a real-world outcome, the practice of measuring near and intermediate vision at each 
patient’s preferred distance introduced variation that complicates the interpretation of results. Both patients undergoing 
lens exchange for cataract or refractive error were considered eligible and not analysed separately, and each eye was 
treated as an independent observation for patients who underwent bilateral implantation thereby introducing error due to 
inter-eye correlation. Longer term 6–12 month data was only available for some eyes (N = 35 eyes) due to the majority of 
routine cataract patients not requiring follow ups beyond 4–6 weeks post-operatively, resulting in missing values that 
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impact data quality. Although preoperative parameters were similar between the cohorts, the absence of complete data for 
the 6–12 month postoperative period limits interpretation of longer-term outcomes. Furthermore, the use of interview- 
style questions as opposed to validated questionnaires and the inclusion of some unilaterally implanted eyes may have 
also affected visual and patient-reported outcomes eg. spectacle independence and satisfaction. However, this study 
reported clinical outcomes in a real-world patient cohort with mild ocular comorbidities, using clinical methodologies 
that were widely available in a standard, clinical ophthalmology setting, and closely reflected modern-day patients’ work 
and lifestyle habits. This study also suggests that stereoacuity and patient satisfaction improve in the long-term with 
neuroadaptation as seen in the subset of eyes at 6–12 months.

In conclusion, results from this retrospective, non-comparative, real-world observational study suggest that the 
CNWTTx IOL can provide exceptional visual outcomes with a high rate of patient satisfaction and spectacle independence 
in a real-world patient population. The visual acuity and visual quality achieved at distance, intermediate, and near will 
support modern cataract and RLE patients in achieving their lifestyle and vocational demands. Further prospective, 
standardised studies (ie. validated questionnaires to assess subjective outcomes, consistent testing periods, and standardised 
testing distance) will help establish relevance to the larger population. In particular, longitudinal studies that assess long 
term stability and clarity of the lens (ie. posterior capsular opacification and glistenings) will be of significant benefit.
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