
O R I G I N A L  R E S E A R C H

Visual and Refractive Outcomes of a New Monofocal, 
Non-Constant Aberration-Correcting Aspheric 
Intraocular Lens
Smita Agarwal 1,2,*, Erin Thornell1,*

1Wollongong Eye Specialists, Wollongong, NSW, Australia; 2Graduate School of Medicine, University of Wollongong, Wollongong, NSW, Australia

*These authors contributed equally to this work 

Correspondence: Smita Agarwal, Wollongong Eye Specialists, Level 2, 2 Victoria St, Wollongong, NSW, 2500, Australia, Tel +61242276388, 
Email research@wescentre.com.au

Purpose: To assess early visual and refractive outcomes of the CT Lucia 621PY intraocular lens (IOL).
Methods: Retrospective analysis was performed for 47 consecutive eyes from 33 patients following routine phacoemulsification and 
implantation of CT Lucia 621PY monofocal IOLs for the treatment of cataract. Postoperative analysis was performed 6-weeks 
following surgery. Uncorrected distance visual acuity (UDVA), best-corrected distance visual acuity (BCVA) and manifest refraction 
were measured for all patients. Uncorrected mesopic contrast sensitivity (CS) was measured for a subset of 22 of the 47 eyes, and 
modulated transfer function (MTF) and angle alpha and angle kappa were measured for a separate subset of 19 eyes.
Results: Mean spherical equivalent (SE) was −0.04±0.38 D, with 83% of eyes achieving within ±0.5 D of the refractive target. Mean 
UDVA was 0.05±0.1 LogMAR at 6 weeks postoperative, with 98% of eyes achieving 0.2 LogMAR or better. Mean BCVA was −0.02 
±0.06 LogMAR, with 87% of eyes achieving 0.00 LogMAR or better. Mean mesopic monocular CS was 1.4±0.26 sec arc, and 50% 
contrast was maintained at a spatial frequency of approximately 13 cycles per degree. There was no significant correlation between 
MTF and angle alpha or angle kappa.
Conclusion: The CT Lucia 621PY offers good visual and refractive outcomes. While there was no significant correlation between 
angle alpha or angle kappa and visual quality, further investigation is warranted.
Keywords: cataract surgery, monofocal intraocular lens, non-constant aberration IOL, alpha and kappa angles

Introduction
Worldwide, 90% of the intraocular lenses (IOLs) implanted during cataract surgery are monofocal, non-toric lenses.1 It is well 
accepted that positive corneal spherical aberrations (SA) are common in the general public,2 and that spherical IOLs add to this 
pre-existing positive SA, increasing the overall ocular SA. With the advent of aspheric IOLs, slight peripheral flattening was 
introduced as a means of correcting corneal SA. While spherical and aspheric IOLs provide similar visual outcomes,3 the light 
scattering spherical IOLs can compromise visual quality,4 with an inverse relationship between SA and contrast sensitivity (CS).5

The ability of aspheric IOLs to provide excellent visual and subjective outcomes is dependent upon the IOL being 
well centered, which can be compromised by other factors such as angle kappa, IOL tilt and pupil size.3,6 These same 
factors are less problematic in aberration-free IOLs that neither correct nor induce SA.7 However, aberration-free IOLs 
do not maintain visual quality to the same extent as aspheric IOLs due to the uncorrected corneal SA and reduced 
tolerance to decentration.8 In a real-world setting, the amount of preoperative angle alpha and angle kappa may be used 
as indicators about the likelihood a patient may experience decentration of an IOL, making IOLs with a high tolerance to 
decentration a better choice for those patients.

The CT Lucia 621P and 621PY IOLs (Carl Zeiss Meditec AG, Jena, Germany) are hydrophobic acrylic heparin-coated 
monofocal lenses (Table 1) that feature a gradual transition of negative SA to positive SA to counteract central corneal SA 
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while having a neutral effect in the periphery, thereby increasing tolerance to decentration.9 The 621PY differs from the 621P 
IOL in that it also has a blue light filtering chromophore. Previous clinical studies have reported good predictability and 
visual outcomes,9 and good quality of vision due to low postoperative SA.10 While the optic design of the CT Lucia IOLs 
hypothetically improves tolerance to decentration, reports on this are limited to benchtop studies. In one benchtop study that 
assessed modulation transfer function (MTF) and Strehl Ratio (SR) of the CT Lucia 621PY IOL, Borkenstein et al reported 
that the IOL performed well even with 1 mm decentration and 5° tilt.8 This was supported by another recent benchtop study 
that compared 621PY to another blue light filtering monofocal IOL (Clareon; Alcon, Ft. Worth, Texas, USA), reporting that 
621PY performed better, with superior MTF with 1mm decentration and 5° tilt.11 To date, there has been little clinical 
evidence on the visual outcomes of the CT Lucia 621PY IOL outside the U.S, and to the authors’ knowledge, little 
investigation into how the eye performs with high angle kappa or angle alpha. Both angle kappa and angle alpha are 
recognized as factors that affect postoperative outcomes,12–22 although most of the published literature has evaluated these 
factors in patients undergoing cataract surgery with advanced technology IOLs rather than monofocal IOLs.12–21

Therefore, this study represents the first “real world” analysis on the clinical outcomes of the CT Lucia 621PY IOL in 
Australia. Visual and refractive outcomes were analyzed, with an emphasis on angle alpha and angle kappa and their 
impact on visual quality in patients being implanted with a monofocal IOL.

Materials and Methods
The CT Lucia 621P and CT Lucia 621PY IOLs are non-constant aberration-correcting IOLs, with a gradual 
transition of negative to positive SA towards the periphery. We conducted a descriptive retrospective chart review 
of 47 consecutive eyes from 33 patients who had undergone routine phacoemulsification and IOL implantation for 
the treatment of cataract. Data was included for eyes that were implanted with the CT Lucia 621PY IOL. Data was 
excluded for eyes that experienced intra- or postoperative complications, had preoperative astigmatism of ≥1.0 
D (based on biometry), had previous history of keratorefractive procedures, had pre-existing ocular pathology that 
may compromise visual outcomes or were corrected for a near target.

Preoperative Evaluation
Biometry was performed preoperatively (IOLMaster 700; Carl Zeiss Meditec), and the Barrett TK Universal II formula was 
used to calculate lens powers, with a predicted refractive target of ±0.25 D. Retinal optical coherence tomography and dilated 
fundus examinations were performed to identify any pre-existing ocular conditions that may affect surgical outcomes.

Table 1 Lens Specifications of the CT Lucia 621PY IOL

Optical Design Monofocal, Aspheric

Sphericity −0.12 µm

Material Hydrophobic acrylic with heparin coating

Filter Blue light

Optical diameter 6.0 mm

Total diameter 13.0 mm

Haptic Step vaulted C-loop

Lens design Single-piece

A-constant 120.2

Abbe number 50

https://doi.org/10.2147/OPTH.S538686                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Clinical Ophthalmology 2025:19 3440

Agarwal and Thornell                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Surgical Technique
All surgeries were performed by a single surgeon (SA) following standard surgical procedure (at three separate sites). Briefly, 
a 2.3 mm corneal incision was made along with two 1 mm side ports at 180°. A circular capsulorhexis was made followed by 
phacoemulsification and aspiration of lenticular material. Each eye then received a CT Lucia 621PY IOL inserted into the 
capsular bag. Postoperatively, patients were instructed to apply one drop each of ofloxacin 0.3% ophthalmic solution (Ocuflox; 
Allergan; Dublin, Ireland) and prednisolone acetate 1% ophthalmic suspension (Prednefrine forte; Allergan) eye drop, one 
drop every 2 hours on the day of surgery and QID thereafter for 2- and 4-weeks, respectively. Patients were also instructed to 
commence ketorolac trimethomine 0.5% ophthalmic solution (Acular; Allergan) eye drops 1 week after surgery, applying 1 
drop QID and continuing for 1 week (until the end of the second week).

Postoperative Evaluation
Postoperative analysis was performed 6 weeks after surgery. Monocular uncorrected distance visual acuity (UDVA), best 
corrected distance visual acuity (BCVA), and manifest refraction were measured using a Snellen chart placed at 6 meters 
under photopic conditions. Uncorrected CS was measured for a subset of 22 eyes (based on availability of equipment), 
using a Pelli Robson chart placed at 6 meters under mesopic conditions. Automated total MTF was measured for 
a separate subset of 19 eyes (based on availability of equipment) using an automated aberrometer (iTrace; Tracey 
Technologies; Texas, USA). Angle kappa and angle alpha were measured for the same subset of 19 eyes using an 
automated aberrometer (iTrace; Tracey Technologies; Houston, Texas, USA).

Statistical Analysis
A Pearson correlation test was performed using Microsoft Excel with the statistical add on (2019, version 16.0, Microsoft 
Corporation, Redmond, WA, USA) to identify any relationship between MTF measured at each contrast value (ie 5, 10, 
15, 20, 25 and 30 cpd) and angle alpha and angle kappa. A P-value ≤0.05 was considered statistically significant.

This study was conducted according to the principles of the Declaration of Helsinki and has received approval from 
the University of Wollongong Human Research Ethics Committee (2024/281; approval date 06/11/2024). Informed 
patient consent was received as part of this study.

Results
A total of 47 eyes from 33 patients (67% female; mean age 71.1±7.4 years) were included for analysis. Bilateral surgery 
was performed on 14 patients (42%); 76% of all surgeries were performed on the right eye. Mean cataract grade as 
measured using the LOCS III scale was 3.1±0.69 (range 2–4) and mean preoperative CDVA was 0.31±0.21 LogMAR. 
Mean preoperative SE was 0.89±2.0 D, with 72% of eyes having preoperative cylinder ≤0.5 D and 89% ≤0.75D (mean 
preoperative cylinder 0.51±0.34).

Mean SE improved to −0.04±0.38 D at 6 week postoperative (range −1.125 to 0.75 D; Table 2), with 83% and 98% of 
eyes achieving within ±0.5 D and ±1.0 D of the refractive target, respectively (Figures 1 and 2).

Table 2 Postoperative Outcomes at 6 weeks Following 
Surgery (N=47)

Uncorrected Distance Visual Acuity 0.05±0.09 LogMAR

Sphere 0.23±0.43 D

Cylinder 0.54±0.37 D

Spherical equivalent −0.04±0.38 D

Best corrected visual acuity −0.02±0.06 LogMAR

Contrast sensitivity 1.40±0.26 sec arc

Abbreviations: LogMAR, logarithm of the Minimum Angle of Resolution; D, 
diopter; sec arc, seconds of arc.
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Mean UDVA was 0.05±0.09 LogMAR at 6 weeks postoperative (Table 2), with 62% and 98% of eyes achieving 0.0 
LogMAR and 0.2 LogMAR or better, respectively (Figure 3). Mean BCVA was −0.02±0.06 LogMAR (Table 2), with 
94% of eyes achieving 0.00 LogMAR or better (Figure 3). Postoperative UDVA was the same or better than post
operative BCVA in 47% of eyes (13 eyes) and within 1 line of BCVA in 83% of eyes (25 eyes; Figure 4).

Mean mesopic monocular CS for a subset of 22 eyes was 1.40±0.26 sec arc (Table 2). Figure 5 shows the MTF as a function 
of spatial frequency for a subset of 19 eyes; 50% contrast is achieved at a spatial frequency of approximately 10 cycles/degree 
(cpd). Mean angle alpha was 0.47±0.20 mm and mean angle kappa was 0.95±1.37 mm (skewed by 3 eyes with alpha kappa 
>3.5 mm). There was no significant correlation between angle alpha and MTF at any spatial frequency (5 cpd [r = 0.162, 
P = 0.51]; 10 cpd [0.170, P = 0.49]; 15 cpd [r = 0.224, P = 0.35]; 20 cpd [r = 0.267, P = 0.27]; 25 cpd [r = 0.267, P = 0.28]; 30 cpd 

Figure 1 Deviation of postoperative spherical equivalent from target.

Figure 2 Attempted versus achieved spherical equivalent correction.
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[r = 0.236, P = 0.33]) or angle kappa (5 cpd [r = −0.180, P = 0.52]; 10 cpd [−0.200, P = 0.47]; 15 cpd [r = −0.159, P = 0.35]; 20 cpd 
[r = −0.307, P = 0.26]; 25 cpd [r = −0.291, P = 0.29]; 30 cpd [r = −0.291, P = 0.29]).

Discussion
This study evaluated the CT Lucia 621PY monofocal IOL in a real-world clinic setting. The authors found the lens 
provided good visual and refractive outcomes, with 83% of eyes having UCDA within 1 line of BCVA, and 62% of eyes 
achieved 0.0 logMAR or better. Furthermore, good objective quality of vision as measured using MTF was maintained 
even in eyes with larger angles kappa.

To date, published data on the lens is currently limited to two benchtop studies,8,11 with few recently published 
clinical studies reporting on outcomes from the 621P IOL.9,10,23,24 This is the first real world clinical study outside of 
Europe to report visual and refractive outcomes of the CT Lucia 621PY IOL; and the first to investigate the relationship 
between visual quality and angle kappa within the CT Lucia 621 family.

Our results add to the published literature on the CT Lucia 621 family of lenses; the primary difference between the 
621 P and 621PY IOLs is that the latter incorporates a blue light filtering chromophore. Both lenses are hydrophobic 
acrylic and feature a C-loop platform haptics with an optimized Zeiss optic non-constant aberration aspheric design. 
Garcia-Tomas et al23 recently published outcomes of 55 eyes (45 patients) implanted with the CT Lucia 621P IOL. At 
postop month 3, the authors reported the mean Snellen decimal UDVA and DCVA were 1.07±0.15 and 1.13±0.11, 
respectively, with 94.55% of eyes achieving Snellen VA of 20/20 or better.23 Additionally, CS functions were good and 
similar at all spatial frequencies. Hernandez-Martinez et al24 reported visual outcomes of 90 eyes (86 patients) implanted 
with CT Lucia 621P. At postop month 1, patients had a mean Snellen decimal UDVA of 0.64±0.22 and CDVA of 0.89 
±0.13, but only 8.9% of eyes achieved Snellen VA of 20/20 or better. While the authors did not specifically address these 
outcomes, uncorrected refractive error is a likely explanation. Schallhorn et al9 evaluated 191 eyes (133 patients) with 

Figure 3 Cumulative postoperative monocular visual acuity. 
Abbreviations: BCVA, best corrected distance visual acuity; UDVA, uncorrected distance visual acuity; VA, visual acuity; LogMAR, logarithm of the Minimum Angle of 
Resolution.
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a mean follow-up of 1.7 months. Mean postop UDVA was 0.09±0.16 logMAR, with 77.5% of eyes achieving 20/20 or 
better UDVA. Our study reported 62% of patients achieved 0.0 LogMAR.

All of these studies reported a similar or higher percentage of eyes within ±0.5 D than was reported here: Garcia-Tomas 
et al, 92.3%; Hernandez-Martinez et al, 73.3%; Schallhorn et al, 84.8%; whereas we reported 83% of eyes within ±0.5 
D. Differences in these outcomes may be a result of biometry used (SRK/T and Hoffer-Q in the Hernandez-Martinez et al 
study, Barrett in the Garcia-Tomas et al study, and Haigis in the Schallhorn et al study),9,23,24 whereas we used the Barrett TK 
Universal II formula. We also evaluated patients at postop week 6, whereas the other studies evaluated patients at postop 
month 1 (Hernandez-Martinez et al) or postop month 3 (Garcia-Tomas et al).23 Schallhorn et al reported a mean follow-up of 
1.7±1.3 months (range, 1–8 months).9

Aberration-free IOLs are tolerant to decentration;25 Kim et al26 reported much higher reduction in contrast with 1 mm 
decentration in monofocal aspheric IOLs (12.2% to 15.8%) compared to monofocal aberration-free IOLs (3.1% to 5.1%). 
Other studies have compared monofocal aspheric IOLs to multifocal or trifocal IOLs and consistently find aspheric 
monofocal lenses to be most tolerant of decentration, although that benefit can diminish if decentration is >0.5 mm.27–29 

Borkenstein et al8 compared the performance of the CT Lucia 621PY IOL with standard aspheric and spheric IOL models 
and found the IOL maintained good visual quality (as measured in vitro using MTF and Strehl ratio) even with 1 mm 
decentration and 5° tilt. Much of the previous research that has investigated the relationship between angle alpha and angle 
kappa with visual quality has focused on multifocal IOLs,16,20,21,30,31 as misalignment between the visual axis and the 
distance optic can cause visual disturbances. However, despite decentration also being associated with loss of visual quality 
with monofocal IOLs,29 reports of tolerance of the CT Lucia 621PY IOL are currently restricted to benchtop studies, and 
there are no studies currently reporting on how ocular anatomy may affect visual quality with this lens.

Figure 4 Difference between postoperative monocular uncorrected and best corrected distance visual acuity in LogMAR. 
Abbreviations: LogMAR, logarithm of the Minimum Angle of Resolution; BCVA, best corrected distance visual acuity; UDVA, uncorrected distance visual acuity.
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Although our results do not reach statistical significance, there was a negative correlation between angle kappa and 
MTF which became more notable (ie more negative r value and a lower P value) with higher contrast levels. Of the 19 
eyes that were measured, 3 eyes had angle kappa over 3.5 mm. Notably, while the number of eyes were too few to 
perform stratified statistical analyses (ie compare groups with high versus low angle kappa), these eyes did not seem to 
differ in MTF compared to eyes with much lower angle kappa values (data not shown). While future studies with larger 
data sets stratified according to angle kappa values may elucidate this further, these early findings suggest that the ZO 
optic design may in fact help negate the risk of reduced visual quality in eyes with large angle kappa.

As part of an in vitro study using CT Lucia 621 P IOLs implanted in cadaver eyes, Zhang et al32 reported a longer arc in 
contact with the capsule and the absence of capsule striae when compared to other lens models. This may suggest that the CT 
Lucia 621PY IOL would have good stability in the bag and may have lower rates of posterior capsular opacification due to its 
sharp edge haptic and its large surface area in contact with the capsular bag and optic haptic junction. This offers another area 
of future study, along with rotational stability in the bag (for a toric version, if one is commercially available).

Limitations of this study include a small sample size and use of both eyes from some patients, lack of a comparison 
group, incomplete data due to equipment availability and the retrospective nature of the study, the lack of direct 
measurement of postoperative IOL decentration and tilt, and the absence of a control or comparison group. Future 
studies involving a comprehensive analysis of IOL positioning in situ, large sample sizes with stratification of angle 
kappa values, and comparison with other monofocal IOL models will help elucidate the findings of this study.

Conclusion
The data presented here suggests that good visual outcomes can be achieved with the CT Lucia 621PY IOL. Notably, preliminary 
findings also provide evidence for high tolerance in eyes with ocular anatomy predisposed to IOL decentration (ie high angle 
kappa). Further investigation into how the ZO optic of the CT Lucia 621PY IOL may help maintain quality of vision in eyes at 
risk of decentration (ie large angle kappa), pseudoexfoliation and zonular insufficiency is justified. However, these limitations are 
secondary to the study findings, the first “real world” clinical outcomes in Australia.

Figure 5 Postoperative uncorrected monocular modulation transfer function as a spatial frequency. 
Abbreviation: MTF, modulation transfer function.
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