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Purpose: To assess the risk of posterior capsular opacification (PCO) following implantation of the Clareon lens.
Materials and Methods: Retrospective analysis was performed for 484 consecutive eyes that had undergone phacoemulsification 
and implantation of a monofocal lens (CNA0T) between April 2018 and February 2020. Eyes with other ocular pathology that may 
affect outcomes, previous refractive surgery or eyes corrected for a near target were excluded. Incidence of PCO and YAG 
capsulotomy was recorded and regression analysis was performed to determine risk factors associated with PCO formation.
Results: Overall incidence of PCO following implantation of the CNA0T monofocal lens was 3.7% (18 eyes) at 1 year with 1.9% (9 
eyes) undergoing YAG capsulotomy. At 3 years, 8.7% (42 eyes) had developed PCO and 4.1% (20 eyes) had undergone YAG 
capsulotomy cumulatively. Primary open angle glaucoma (POAG; OR = 6.53; 95% CI = 18.68, 2.28; P = 0.0005), age-related macular 
degeneration (AMD; OR = 2.35; 95% CI = 5.21, 1.06; P = 0.036), vitreomacular traction (VMT; OR = 7.32; 95% CI = 45.08, 1.19; P = 
0.032), retinal vein occlusion (RVO; OR = 8.42; 95% CI = 38.99, 1.82; P = 0.006) and history of anti-VEGF therapy (OR = 3.22; 95% 
CI = 10.26, 1.01; P = 0.048) were positively associated with an increased risk of PCO.
Conclusions: Incidence of PCO requiring YAG capsulotomy was relatively low. However, certain co-morbidities were found to 
increase the risk of PCO development, most significantly POAG and RVO.
Keywords: capsulotomy, posterior capsule opacification, phacoemulsification

Introduction
Posterior capsular opacification (PCO) is a common complication following cataract surgery that can compromise visual 
outcomes. It has been proposed that the wound-healing response triggered by surgery causes lens epithelial cells to proliferate 
and migrate towards the posterior capsule, where they undergo fibre regeneration and epithelial-to-mesenchymal transition.1

With the use of registries that directly access and store electronic medical records, an abundance of data has been made 
available in recent years regarding prevalence of PCO following cataract surgery. The American Academy of Ophthalmology 
IRIS® (Intelligence Research in Sight) Registry was established as a centralized repository for patient data. A recent study 
reported an overall PCO incidence of 28% and YAG capsulotomy incidence of 10.3% at 1 year2 in patients that had undergone 
cataract surgery. Findings reported from data stored via a Finnish registry reported an overall cumulative YAG capsulotomy 
incidence of 13.2% at 5 years, although it was noted that incidence varies by lens implanted, varying from 9.6% to 18.1%.3

Patient factors that have been reported to increase the risk of PCO include dry eye disease, glaucoma, previous uveitis, 
age-related macular degeneration (AMD), hyperlipidemia, peptic ulcers, liver disease, younger age at the time of surgery 
(<60 years), diabetes, lens nucleus hardness and previous vitrectomy.4,5 In addition to patient factors, lens design and 
material are highly influential in PCO development. The CNA0T monofocal intraocular lens (IOL) is an asymmetric 
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biconvex lens that features a sharp edge design which may help inhibit the migration of epithelial cells.6 The hydrophobic 
acrylate/methacrylate copolymer material also features a relatively high water content that may help to enhance visual 
clarity while minimizing glistening formation, surface haze and roughness.7,8 Specifications of the CNA0T lens are 
included in Table 1.

Due to the recent availability in the American market, long-term data regarding PCO incidence with the CNA0T lens 
are relatively scarce. This study reports incidence of PCO and YAG capsulotomy over 3 years in eyes that have received 
the Clareon lens, and identifies risk factors associated with PCO development.

Methods
Retrospective analysis was performed for 484 consecutive eyes that had undergone routine phacoemulsification and IOL 
implantation for the treatment of cataract. All eyes that received a CNA0T (Clareon; Alcon; Geneva, Switzerland) 
monofocal IOL between April 2018 and February 2020 were included for analysis. Eyes with incomplete medical records 
or that were lost to follow up were excluded.

All surgeries were performed by a single surgeon (SA) in private hospitals in the Illawarra region, NSW, Australia. 
Biometry was performed preoperatively (IOLMaster 700; Zeiss), and lens power was calculated using the Barrett Universal 
formula with a target of plano±0.25 D spherical equivalent. Briefly, 2×1 mm paracenteses were made at 180° and a 2.3 mm 
main incision was made temporally. A continuous curvilinear 5.5 mm capsulorrhexis was created using a 26-gauge cystotome, 
followed by routine phacoemulsification and aspiration of the cortical material. Standard monofocal CNA0T IOLs were 
inserted through the main incision via the preloaded AutonoMe (Alcon; Geneva, Switzerland) delivery system, and the IOL 
and anterior capsule were polished to remove all traces of viscoelastic and lens material. Polishing of the capsule was 
performed using a silicone tip and polish mode on the Centurion machine using the following settings: 20 mmHg vacuum and 
10 cc/min aspiration flow. Following the surgery, patients were advised to commence ofloxacin (Allergan; Ocuflox; Dublin, 
Ireland) and prednisolone acetate/phenylephrine hydrochloride (Allergan; Prednefrin forte; Dublin, Ireland), applying one 
drop every 2 hours. From the following day, the patients were advised to continue using ofloxacin and prednisolone acetate/ 
phenylephrine hydrochloride eye drops applying one drop qid for 2 weeks and 4 weeks, respectively, and to commence using 
ketorolac (Allergan; Acular; Dublin, Ireland) eye drops from 1 week after surgery applying one drop qid for a further week.

Postoperative uncorrected distance visual acuity (UDVA), incidence of PCO and/or YAG capsulotomy, and time since 
surgery until PCO development or YAG capsulotomy were accessed via medical records. Logistic regression analysis 
was performed to calculate odds ratios for the presence of white mature cataract, complex surgery (defined as small pupil, 
pseudoexfoliation, previous uveitis, dense nuclear sclerosis etc), diabetes, diabetic retinopathy, posterior vitreous 

Table 1 Lens Specifications of the Clareon IOL

Optic Type Asymmetric Biconvex

Asphericity −0.2 µm

Optic material Hydrophobic acrylic

Optic diameter 6 mm

Overall length 13 mm

Haptic angulation 0° planar

Haptic configuration STABLEFORCE™

Photoprotection UV and blue light filtering

Refractive index 1.55

Water content 1.5%

A-Constant (SKR-T) 119.1
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detachment (PVD), shallow anterior chamber, previous refractive surgery, pseudoexfoliation, Fuch’s dystrophy, geo-
graphic atrophy, primary open angle glaucoma (POAG), AMD, vitreomacular traction (VMT), retinal vein occlusion 
(RVO), diabetes, previous vitrectomy, history of intravitreal anti-VEGF therapy or retinopexy, and dry eyes. Correlation 
between type of cataract (nuclear sclerosis, cortical, posterior subcapsular or mixed) and incidence of PCO was tested 
using X2 correlation tests. Logistic regression and X2 correlation analysis were performed using an online calculator 
(available at www.socscistatistics.com) and a statistical threshold of P < 0.05. All other data analysis was performed 
using Excel Analysis ToolPak (Version 2302; Microsoft; USA).

This study was approved by the University of Wollongong Human Research Ethics Committee (Ethics Number 2022/ 
309) and was conducted according to the Declaration of Helsinki. The requirement of informed consent was waived by 
the University of Wollongong Human Research Ethics Committee due to the retrospective nature of the study, and 
impracticality due to the large sample size.

Results
A total of 484 consecutive eyes were included in the analysis (average age 72.5±7.9 years; 54.4% female). Of those, 
97.95% had nuclear sclerosis (477 eyes; average grade 2.78±0.77), 37.58% had cortical cataracts (183 eyes; average 
grade 1.58±0.57) and 8.01% had posterior subcapsular cataracts (39 eyes; average grade 2.5±0.85), with 44.15% (215 
eyes) having mixed cataracts based on surgeon analysis upon slit lamp examination. White mature cataracts were found 
in 1.44% (7 eyes) of eyes. The most common co-morbidities were diabetes (15.9%) and AMD (11.4%) (Table 2).

Postoperative UDVA was 0.12±0.18 LogMAR at 6 weeks postoperative. Adverse events were reported for 1.03% of 
eyes (5 eyes); 1 eye had a small retained nuclear piece in the anterior chamber which was removed within 48 hours as per 
theatre availability, 3 eyes had 2+ cells in the anterior chamber due to rebound inflammation which resolved following 
readministration of corticosteroid eye drops (1 drop QID for 1–2 weeks) and 1 eye experienced transient Descemet folds 
which resolved within a week following administration of steroid eye drops (1 drop QID for 1 week). No patient 
experienced intraoperative complications.

At 1 year following surgery, 3.7% (18 eyes) of eyes had developed PCO with 1.8% (8 eyes) of eyes undergoing YAG 
capsulotomy for visually symptomatic PCO (pearl form). Posterior capsular (PC) fibrosis was found in 1.24% (6 eyes) of 
eyes (defined as opacification occurring within 6 weeks of surgery) with 0.2% of visually symptomatic eyes (1 eye) 

Table 2 Correlation Between PCO and Co-Morbidities

Risk Factor Incidence of Condition Incidence of PCO OR (95% CI) Z P

White mature cataract 1.4% 28.6% 4.37 (23.25, 0.82) 1.73 0.08

Age (< 60 years) 5.4% 3.8% 0.41 (3.08, 0.05) 0.87 0.38

Difficult surgery 1.2% 0.0% 0.79 (14.27, 0.04) 0.16 0.87

Diabetic 15.9% 9.1% 1.06 (2.49, 0.45) 0.14 0.89

DR 2.3% 9.1% 1.05 (8.44, 0.13) 0.05 0.96

Vitrectomy/peel 1.0% 20.0% 2.67 (24.46, 0.29) 0.87 0.38

Retinopexy 3.3% 12.5% 1.53 (6.96, 0.33) 0.55 0.58

POAG 3.5% 35.3% 6.53 (18.68, 2.28) 3.5 0.0005*

AMD 11.4% 16.4% 2.35 (5.21, 1.06) 2.1 0.04*

PVD 5.2% 8.0% 0.91 (4.00, 0.21) 0.12 0.90

Shallow AC 2.3% 9.1% 1.05 (8.44, 0.13) 0.05 0.96

Dry eye 1.7% 12.5% 1.51 (12.62, 0.18) 0.38 0.70

(Continued)
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undergoing YAG capsulotomy for PC fibrosis alone. After 3 years, a cumulative total of 8.7% (42 eyes) of eyes had 
developed PCO and 3.9% (19 eyes) of eyes had undergone YAG capsulotomy. Average time till PCO diagnosis was 1.8 
±1.00 years from surgery and average time till first YAG capsulotomy was 1.85±0.87 years from surgery. Cumulative 
incidence of PCO requiring YAG capsulotomy over 3 years is shown in Figure 1.

Outcomes of the logistic regression analysis are outlined in Table 2. Briefly, POAG (OR = 6.53; 95% CI = 18.68, 
2.28; P = 0.0005), AMD (OR = 2.35; 95% CI = 5.21, 1.06; P = 0.036), VMT (OR = 7.32; 95% CI = 45.08, 1.19; P = 
0.032), RVO (OR = 8.42; 95% CI = 38.99, 1.82; P = 0.006) and history of anti-VEGF therapy (OR = 3.22; 95% CI = 
10.26, 1.01; P = 0.048) were positively associated with an increased risk of PCO. No correlation was found for any other 
risk factor, including type of cataract (X2 (3, N = 484) = 5.69, P = 0.128).

Discussion
Previously reported incidence of PCO formation following cataract surgery varies widely between studies, ranging from 
2.1% to 28% at 1 year.2,9–11 These findings are skewed predominantly by inclusion of different lens types that differ in 
edge design, optic design and lens material. A large study of 52,162 eyes that had received either AcrySof, non-AcrySof 
hydrophobic or non-AcrySof hydrophilic lenses reported AcrySof lenses had a lower incidence of both PCO (4.7% 
versus 6.3% and 14.8% respectively) and YAG capsulotomy (2.4% versus 4.4% and 10.9% respectively) compared to 
both non-AcrySof hydrophobic and hydrophilic lenses after 3 years.9 Lehmann et al reported an overall PCO rate of 5.4% 
for CNA0T lenses after 1 year,11 while a meta-analysis of Alcon-sponsored trials reported a much lower rate of YAG 

Table 2 (Continued). 

Risk Factor Incidence of Condition Incidence of PCO OR (95% CI) Z P

VMT 1.0% 40.0% 7.32 (45.08, 1.19) 2.14 0.03

Post-refractive 2.3% 0.0% 0.44 (7.62, 0.02) 0.56 0.57

PXF 0.6% 0.0% 1.45 (29.08, 0.07) 0.26 0.80

ERM 4.8% 13.0% 1.62 (5.7, 0.46) 0.75 0.45

VO 1.4% 42.9% 8.42 (39.0, 1.82) 2.73 0.0064*

Fuch’s dystrophy 0.4% 0.0% 2.07 (43.89, 0.10) 0.47 0.64

GA 0.2% 0.0% 3.46 (86.33, 0.14) 0.76 0.45

Previous anti-VEGF 2.3% 22.2% 3.22 (10.26, 1.01) 1.97 0.048*

Nil 51.7% 5.2% 0.39 (0.76, 0.20) 2.73 0.0063*

Note: P value of < 0.05 is considered significant and is denoted by an asterisk and bold font. 
Abbreviations: DR, diabetic retinopathy; POAG, primary open angle glaucoma; AMD, age-related macular degeneration; PVD, posterior vitreous 
detachment; AC, anterior chamber; VMT, vitreomacular traction; PXF, pseudoexfoliation; ERM, epiretinal membrane; VO, vein occlusion; GA =geographic 
atrophy; VEGF, vascular endothelial growth factor.

Figure 1 Kaplan–Meier incidence plot of PCO requiring YAG capsulotomy over 3 years following surgery.
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capsulotomy for lenses composed of Clareon material (CNA0T) compared to lenses composed of AcrySof (SN60WF) 
material (1.82% versus 4.19%) after 3 years.10 One large 3-year study that reported outcomes following implantation of 
the CNA0T lens found zero incidence of glistenings with 92.9% of eyes having no or non-clinically significant PCO 
(Nuijts 2023 JCRS 49: 672–678). In another long-term study, Oshika et al reported only 5% of eyes implanted with 
CNA0T lenses needed YAG capsulotomy for PCO after 9 years (Oshika 2020 JCRS 46: 682–687). When compared with 
Tecnis monofocal eyes, CNA0T eyes had a higher incidence of PCO at 1 month after implantation (Almenara 2021 Eur 
J Ophthalmol 31: 3355–3366). However, a separate study that assessed outcomes at 1 year following implantation found 
lower rates of YAG Capsulotomy for AcrySof lenses compared to Tecnis lenses (Horn). This study reports an incidence 
of PCO of 3.7% within 1 year of surgery and 8.7% within 3 years of surgery, similar to rates reported in previous 
literature. Of those eyes that developed PCO, 42.8% developed PCO within the first year. These relatively low rates of 
PCO formation can be attributed to the lens material and design of the lens.

The CNA0T lens is an aspheric monofocal IOL composed of a hydrophobic acrylic material that features a high 
refractive index and a relatively high water content compared to other lenses. Hydrophobic materials are well known to 
have a lower incidence of PCO compared to hydrophilic materials due to better adherence to the capsule.12 It has been 
reported previously that AcrySof lens material binds to the capsule by association with fibronectin.2 The CNA0T lens, 
with its acrylic material, is likely to bind to the capsule in a similar manner, forming strong associations with fibronectin 
in the lens capsule, thereby obstructing epithelial cell migration (Linnola et al 1999 JCRS 25:1486–1491). The Clareon 
material differs to the AcrySof material in that it is composed of a hydrophilic polymer (hydroxyethyl methacrylate) and 
a hydrophobic co-polymer (phenylethyl acrylate). One study from 1982 that investigated the association of plasma 
fibronectin to hydrophobic and hydrophilic surfaces reported that fibronectin can bind to both surfaces but forms 
a higher-affinity conformation when associated with hydrophilic surfaces (Grinnell and Feld 1982 J Biol Chem 257: 
4888–4893). While the relevance of this in regards to IOLs in the capsular bag would need to be further investigated, it 
may be possible that the addition of the hydrophilic polymer increases binding of the CNA0T lens to the lens capsule 
compared to AcrySof lenses.

Cell migration is also inhibited by the square edge design of the lens, which forms a mechanical barrier to 
migration.13 Hydrophilic lenses, even those marketed as square-edged, in the hydrated environment have been reported 
to have a blunter angle than hydrophobic lenses, potentially allowing for greater epithelial cell migration and PCO 
(Werner JCRS 2009 35: 556–566; Nanavaty JCRS 2008 34: 677–686). Lens specifications regarding edge design are not 
often made readily available by lens manufacturers due to proprietary interests. However, a previous bench top study has 
reported that CNA0T has a thinner edge and smaller radius of curvature compared to the AcrySof SN60WF lens14 

(Table 3). A radius of curvature less than 10 µm is known to contribute to a lower incidence of PCO. Although both 
below this limit, the sharper edge of the CNA0T lens compared to the SN60WF may explain the lower incidence of PCO.

Lens optic design also plays an important role with a large study of 89,947 eyes that received either AcrySof or 
Tecnis multifocal or monofocal lenses reporting a much lower incidence of YAG capsulotomy (4.1% versus 21.2% 
within 1 year), and a longer time to first PCO diagnosis (196.4 versus 175.3 days) for the monofocal lenses.2 In addition 
to lens choice, surgery type can also impact incidence of PCO, with phacoemulsification generally having a lower 
incidence than extracapsular extraction, with one study reporting a PCO rate of 9.1% following phacoemulsification at 6 
months compared to 21.7% for extracapsular extraction (OR 0.2).15,16 Polishing of the anterior capsule following 

Table 3 Edge Parameters of the AcrySof SN60WF and Clareon CNTA0T0 Lenses

Lens Radius of 
Curvature

Edge 
Thickness

Edge 
Sharpness

Material

SN60WF 8.5 µm 197.7 µm 100.1 µm2 Hydrophobic acrylic (Phenylethyl acrylate and phenylethyl 

methacrylate)

CNTA0T0 7.9 µm 167.2 µm No data Hydrophobic acrylic (Hydroxyethyl methacrylate and 

phenylethyl acrylate)

Note: Data from Nanavaty et al.14
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phacoemulsification and thorough aspiration of the cortical material may also help reduce risk of PCO formation, 
although it has been reported that the outcome may not be visually significant.17 The use of a large capsulorrhexis (ie, 
over 6 mm or where the capsulorrhexis does not overlap the optic) has been implicated in the early onset of PCO, with 
the authors suggesting primary posterior continuous curvilinear capsulorrhexis may be more beneficial in preventing 
PCO formation.18 However, performing a posterior continuous curvilinear capsulorrhexis may present difficulties 
including technical challenges and disturbance to the hyaloid interface. For this study, the surgeon aimed for 
a capsulorrhexis that overlapped with the lens optic completely.

Various patient factors have also been associated with an elevated risk of PCO. In the current study, only ocular diseases 
(ie, POAG, AMD, VMT and RVO) and history of anti-VEGF therapy for either AMD or RVO were associated with an 
elevated risk. POAG and AMD have previously been identified as risk factors,5 although a relationship with RVO and VMT 
is less well documented. Due to the ambiguity surrounding the etiology of PCO, it remains unclear why compromised 
retinal health is a risk factor for PCO. However, there is speculation that inflammatory activation pathways may be 
involved.19 Inflammatory marker interleukin-6 (IL-6) has been implicated in the progression of geographic atrophy20 and 
also PCO development via activation of transforming growth factor β2 and extracellular matrix synthesis.21 This may also 
be the case in patients with history of anti-VEGF therapy with a recent case study reporting cases of PCO development in 
pseudophakic eyes following intravitreal injection of bevacizumab.22 However, distinguishing the effect of the injections 
from that of the underlying retinal disease is difficult without further analysis. Interestingly, neither diabetes nor diabetic 
retinal disease was associated with an elevated risk of PCO. Patients were categorised as either having diabetes or not 
having diabetes; HbA1C were not recorded. Diabetes may not have been identified as a risk factor if the majority of cases 
were well controlled with no sign of retinal changes. Patients undergoing lens replacement at a younger age (<60 years) 
have been reported to be more likely to develop PCO due to the higher density of lens epithelial cells at the anterior 
capsule.4 The current findings do not support this, although this may have been skewed by low representation within the 
study group of people of a younger age group; only 5.4% of patients were aged below 60 years. Similarly, in our study, 
previous vitrectomy or retinopexy were not associated with an elevated risk of PCO. This again contradicts literature18 and 
may be due to low representation of post-vitrectomy eyes in the study.

Certain limitations exist for this study. Risk factors were analysed individually and did not account for confounding of 
multiple co-morbidities. As eyes were recorded consecutively, some contralateral eyes were included in the study, 
potentially contributing to confounding of analysis. Additionally, other systemic risk factors such as hypertension and 
medication use were not assessed. Due to the retrospective nature of the study, available data is restricted to patients who 
presented with PCO within the follow-up time and therefore the exclusion of patients who did not attend appointments 
may have led to the potential underestimation of overall PCO rates. An assumption was made that patients who did not 
attend appointments had maintained their visual acuity. Future long-term studies that incorporate comparison groups with 
other lens types would be beneficial.

The CNA0T lens has an overall low rate of PCO and PCO requiring YAG capsulotomy, conceivably due to its optic 
and edge design, and its material. Certain retinal conditions and the administration of anti-VEGF therapies may increase 
the risk of PCO development, and this should be discussed with patients preoperatively as part of case management. 
Careful lens selection and procedural protocols can help mitigate the risk of PCO thereby reducing the need for further 
follow up and treatment.

Disclosure
Neither author has any financial or proprietary interests to disclose. No financial or material support was received for this 
study. Neither author has any competing interests to disclose.
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