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Aim: To assess predictive factors associated with glares and halos in patients undergoing 
cataract surgery with PanOptix trifocal IOL implantation.
Methods: Single-center retrospective study. One hundred and forty eyes from 70 patients 
with cataract were bilaterally implanted with a trifocal PanOptix aspherical diffractive lens 
between 2017 and 2019 and followed-up for six months. All patients were evaluated for 
refraction, corneal topography, and aberrometry pre- and post-operatively. Patients were 
assessed at 1 day, 6 days, 1 and 6 months after surgery. One and six months post- 
operatively patients were asked to complete a satisfaction questionnaire that included photic 
phenomena assessment. Main outcome measures were photic phenomena at 1 and 6 months 
of follow-up. Predictors of photic phenomena at 1 and 6 months were also analyzed.
Results: A higher corneal coma was associated with more mild halos at 6 months with no 
association regarding other degrees of severity. The lower the age the higher the glare or 
halos, the higher the lens thickness and the lower the anterior chamber depth or chord µ the 
less halos at 1 month. A significant proportion of patients had more none/mild compared to 
moderate/severe glare and halos both at 1 and 6 months post-operatively. Baseline BCVA 
was the only predictor of halos at 1 month and glare and halos at 6 months post-surgery.
Conclusion: On multivariate regression analyses, the only predictor of photic phenomena 
was baseline visual acuity, suggesting that patients that have a better visual acuity before 
surgery are more demanding regarding visual outcomes after surgery.
Keywords: cataract surgery, PanOptix trifocal IOL, predictors of photic phenomena

Introduction
Multifocal lenses offer the possibility of spectacle-free vision and this could be 
a motivation for the use of multifocal IOLs instead of monofocal IOLs.1,2 

Nevertheless, the association of multifocal IOLs with photic phenomena remains 
one of the major causes of complaint after surgery.1,2

Pseudophakic photic phenomena are characterized by nonuseful patterns pro-
jected onto the retina in positive forms. These photic phenomena refer to bright 
artifacts that are only present in certain light conditions and produce images as 
glares and/or halos.3

Trifocal IOLs were designed to provide near, intermediate, and distance visual 
performances and increase spectacle independence.4 AcrySof® IQ PanOptix™ 
(Alcon Laboratories, Inc., Fort Worth, TX, USA) is a nonapodized diffractive 
trifocal IOL that distributes light energy to three focal points in both small and 
large pupil conditions. Photic phenomena of multifocal IOLs, such as halos and 
glare, vary between patients1 with some continuing to experience pseudophakic 
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photic phenomena5 many months after surgery. In this 
study, we assessed factors associated with glares and 
halos in patients with PanOptix IOL implantation.

Patients and Methods
Study Population
This was a single-center retrospective study, performed at 
Instituto Espaillat Cabral, Dominican Republic, between 
September 2017 and February 2019, which included 
a study population of 140 eyes from 70 patients under-
going cataract surgery with bilateral implantation of 
a trifocal PanOptix lens.

Inclusion criteria: age ≥ 45 years old; patients that wanted 
to have good vision most of the time without glasses at all 
distances; highest limit of mesopic pupil of 6 mm; corneal 
total higher-order aberration (HOA) ≤ 0.5 µm; corneal sphe-
rical aberration ≤ 0.3 µm; corneal coma ≤ 0.4 µm; corneal 
trefoil ≤ 0.3 µm; and angle kappa ≤ 0.58 mm. Exclusion 
criteria: patients with moderate or severe dry eye syndrome; 
any ocular pathology other than cataract or any systemic 
condition that, in the investigators’ opinion, could compro-
mise the efficacy or safety of surgery; eyes with surgical 
complications or posterior capsular opacification that 
required an Nd:YAG laser capsulotomy; patients unwilling 
or unable to provide informed consent; patients with type 
A personality and/or unreal post-surgical visual expectations.

This study was conducted in agreement with the tenets 
of the declaration of Helsinki in its latest amendment 
(Brazil, 2013). All patients signed an informed consent 
form and the study was approved by the Ethics 
Committee of Instituto Espaillat Cabral. No patient- 
protected data were collected or reported.

The Trifocal PanOptix Lens
This is a single-piece hydrophobic IOL that is based on 
a quadrifocal optical principle. It is designed to have an 
intermediate focal point of 60 cm (arms-length) and an 
optimal close reading distance at 42 cm. The light effi-
ciency of the IOL has been measured at 88% at a 3.0 mm 
pupil size.6,7 This IOL comes in a toric and non-toric 
version.

Surgical Procedure
All surgeries were performed by the same surgeon (AE) 
and were done either by standard phacoemulsification with 
the Centurion® Vision System (Alcon Laboratories, Inc.), 
or assisted with femtosecond laser (LenSx®; Alcon 

Laboratories, Inc.). The same patient had both their eyes 
operated within a week.

Assessments
Pre-operatively all patients underwent a comprehensive 
ophthalmic history and examination including tear osmo-
larity test (Tearlab Corporation, San Diego, CA, USA), 
corneal topography, and aberrometry (OPD-scan III, Nidek 
Co Ltd., Gamagori, Japan), biometry (IOLMaster 700, 
Carl Zeiss Meditec AG, Jena, Germany), specular micro-
scopy (CEM 539, Nidek Co Ltd.), and macular and papil-
lary Optical Coherence Tomography (Cirrus 4000 Hd 
OCT, Carl Zeiss Meditec AG). Patients who had a pre- 
operative keratometric astigmatism ≥0.7D against-the-rule 
or ≥1.0D with-the-rule were corrected with a toric IOL. 
The Barrett universal II formula was used to calculate the 
spherical power of the lens and the Barrett’s formula for 
toric lenses was used to calculate the cylindrical power.

Patients were assessed at 1 day, 6 days, 1 and 6 months 
after surgery. One and six months post-operatively, refrac-
tion, corneal topography, and aberrometry were performed 
and patients were asked to complete a satisfaction question-
naire including photic phenomena (Supplementary file 1). 
The presence of posterior capsular opacity was also 
assessed.

Manifest refraction, both corrected and uncorrected far 
and near visual acuity, pre-operative corneal aberration as 
well as post-operative total ocular and corneal aberration 
measurements, biometric values, and satisfaction question-
naire data were tabulated. Visual acuity data were recorded 
in Snellen notation but converted to logarithm of the 
minimum angle of resolution (logMAR) for analytical 
purposes. Data were analyzed pre-operatively and after 
surgery at 1 and 6 months of follow-up.

Outcomes
Main outcome measures were photic phenomena at 1 and 
6 months of follow-up. We have also analyzed if any of 
the following pre-surgical parameters could be associated 
with photic phenomena in patients with PanOptix IOL 
implantation: mesopic pupil, angle kappa, total ocular 
and corneal higher-order aberrations, coma, trefoil, sphe-
rical aberration, corneal surface regularity index (SRI), 
and corneal irregular astigmatism index (IAI), all mea-
sured by OPD-scan III; average keratometry, corneal astig-
matism, axial length, anterior chamber depth, lens 
thickness, and the apparent chord μ value, which is con-
templated to be the distance between Purkinje image 1 and 
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the apparent pupil center when viewed coaxially from the 
light source at the cornea,8,9 all measured by IOL M 700.

Statistical Analysis
All categorical variables are expressed as numbers and 
percentages. All continuous variables are expressed using 
mean and 95% Confidence Interval (95% CI) for the mean. 
Between-group analysis was performed using the Kruskal– 
Wallis test adjusted for multiple comparisons, the Mann– 
Whitney U-test or the Χ2 test, as appropriate. Three groups 
of glare and halos have been considered for association 
analyses: no vs mild vs moderate vs severe; absence vs 
presence; and no/mild vs moderate/severe. Four multivari-
ate logistic regressions were performed, all with the back-
ward conditional method, using glare and halos at 1 and 6 
months as the dependent variables (groups no/mild vs 
moderate/severe) and age, baseline best-corrected visual 
acuity (BCVA) and sphere at 1 month as the independent 
variables. All multivariate analyses were adjusted for eye 
bilaterality. Tests were considered significant at α=0.05 
significance level (two-sided). SPSS v20 was used for 
statistical analysis.

Results
Demographic Parameters
Of the 70 patients included in this study, 57.1% were 
females with a mean age of 62.2 years (95% CI 62.2–-
67.7). The 42.9% males showed a mean age of 66.9 years 
(95% CI 64.6–69.2). There were no differences in age 
between sexes (p=0.396). When analyzing age between 
the different groups of glares and halos, there were some 
significances, all in the same direction: the lower the age 
the higher the glare or halos (no vs mild vs moderate vs 
severe, p=0.013 for halos at 1 month; absence vs presence, 
p=0.038 for glare at 1 month, p=0.003 for halos at 1 
month, p=0.012 for glare at 6 months, p=0.032 for halos 
at 6 months; and no/mild vs moderate/severe, p=0.043 for 
halos at 1 month).

Capsular Opacity and Vision Quality at 1 
and 6 Months Post-Surgery and 
Refractive Parameters at 1 Month 
Post-Surgery
The incidence of capsular opacity was low both at 1 month and 
6 months post-surgery (0.7% and 6.0%, respectively). At 6 
months post-surgery, 3 eyes from 2 patients showed grade 1 
posterior capsular opacification (PCO) with no need for YAG 

laser capsulotomy, whilst 4 eyes from another 2 patients 
showed grade 2 PCO and underwent YAG laser capsulotomy. 
Spectacle independence at all distances and at 1 and 6 months 
post-surgery varied between 97% and 100%. Between 96.6% 
and 98.5% of patients would recommend the surgery. 
Subjective vision quality perceived by patients at 1 month 
varied between 9.41 and 9.75 at all distances, and at 6 months 
varied between 9.25 and 9.61 at all distances. As for refractive 
results, and 1 month after surgery, the mean sphere was 0.09 
diopters (D) with a 95% CI 0.04–0.14, the mean cylinder was 
−0.26D with a 95% CI −0.29–(−0.22), and a mean spherical 
equivalent of −0.04D with a 95% CI −0.09–0.02 – Table 1. 
Also, 81.2% of eyes were within ±0.25D and 97.1% within 
±0.50D of spherical target, whilst 96.4% of eyes were within 
≤0.50D and 98.6% within ≤0.75D of cylinder.

Glare and Halos at 1 and 6 Months 
Post-Surgery: Topography and Aberration 
Parameters
When analyzing the 4 groups of glare and halos at 6 
months, no vs mild vs moderate vs severe, patients with 
no halos at 6 months showed lower corneal coma when 
compared to patients with mild halos, with no differences 
on other topography or aberration parameters either for 
glare or halos at 6 months – Table 2. When analyzing only 
between the absence vs presence of glare or halos at 6 
months, patients with higher corneal coma or higher total 
coma showed more halos at 6 months (p=0.007 and 
p=0.005, respectively). The 0.200 to 0.399 µm corneal 
HOA group reported less moderate halos at 1 month 
(28.6%) compared to mild (69.6%) or no (75.0%) halos 
(p=0.001). None of the topography or the remaining aber-
ration parameters showed differences at 1 month.

Glare and Halos at 1 and 6 Months 
Post-Surgery and Pre-Operative 
Biometry Parameters
None of the pre-operative biometry parameters showed an 
association with glare or halos at 6 months post-surgery, 
when considering the 4 groups of glare or halos (no vs 
mild vs moderate vs severe) – Table 3. However, when 
analyzing only between the absence vs presence of glare 
or halos at 1 month, patients with higher anterior chamber 
depth showed more halos at 1 month (p=0.044), whilst 
patients with higher lens thickness showed less halos at 1 
month (p=0.035). Chord μ was higher in patients who 
reported halos at 1 month (p=0.007).
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Glare and Halos at 1 and 6 Months 
Post-Surgery: Refractive and Visual Acuity 
Parameters
Patients with worse pre-operative BCVA reported less 
glare and halos at 6 months, with different statistical 
significances depending on the compared groups of 
glare and halos (no vs mild vs moderate vs severe). 
Patients with mild glare at 6 months had lower 1 month 
spherical equivalent compared to patients with moder-
ate glare – Table 4. Regarding glare and halos at 1 
month, the same trend was observed, with patients with 
moderate glare or halos at 1 month having better pre- 
operative BCVAs compared to patients with no glare or 
halos (p=0.001 and p=0.002, respectively). When ana-
lyzing pre-operative BCVA considering only two 
groups of glare and halos, no/mild vs moderate/severe, 
there were also some significances, all in the same 
direction: the better the pre-operative BCVA the 
worse the glare or halos (p=0.042 for halos at 1 
month; p=0.026 for glare at 6 months; p=0.003 for 
halos at 6 months).

There was no correlation between pre-operative BCVA 
and sphere, cylinder or spherical equivalent at 1 month. 
There was also no association between pre-operative 
BCVA and spectacle dependence at all distances at 1 and 
6 months.

Percentage of Patients with Glare and 
Halos Over Time
A significant proportion of patients had more none/mild 
compared to moderate/severe glare – Figure 1 – and 
halos – Figure 2 – both at 1 and 6 months post- 
operatively with no differences between time points.

Predictors of Glare and Halos at 1 and 6 
Months Post-Surgery
After performing the multivariate logistic regressions with age, 
baseline BCVA and sphere at 1 month as the predictor vari-
ables, only BCVA at baseline was a negative predictor of halos 
at 1 month (B=−5.363, Exp(B)=0.005, 95% CI for Exp(B) 
=0.000–0.885, p=0.045), glare at 6 months (B=−5.522, Exp(B) 
=0.004, 95% CI for Exp(B)=0.000–0.832, p=0.043), and halos 
at 6 months (B=−12.203, Exp(B)=0.000, 95% CI for Exp(B) 
=0.000–0.084, p=0.014) post-surgery. The other two variables 
were not significant at the end of the iteration process.

Discussion
Post-surgery refractive results were good, with a mean 
spherical equivalent of −0.04D with a 95% CI −0.09–0.02, 
a sphere of 0.09D with a 95% CI 0.04–0.14, and a mean 
cylinder of −0.26D with a 95% CI −0.29–(−0.22), 1 month 
after surgery. These results are supported by the subjective 
vision quality perceived by patients, since the mean score 

Table 1 Capsular Opacity and Vision Quality at 1 and 6 Months Post-Surgery and Refractive Parameters at 1 Month Post-Surgery

Parameters N (%) Mean 95% CI

Capsular opacity 1 month (n=140), yes 1 (0.7) N/A N/A
Capsular opacity 6 months (n=116), yes 7 (6.0) N/A N/A

Spectacle dependence far 1 month (n=67), never 66 (98.5) N/A N/A

Spectacle dependence intermediate 1 month (n=67), never 66 (98.5) N/A N/A
Spectacle dependence near 1 month (n=67), never 65 (97.0) N/A N/A

Recommend surgery 1 month (n=67), yes 66 (98.5) N/A N/A

Spectacle dependence far 6 months (n=58), never 57 (98.3) N/A N/A
Spectacle dependence intermediate 6 months (n=58), never 58 (100.0) N/A N/A

Spectacle dependence near 6 months (n=58), never 57 (98.3) N/A N/A
Recommend surgery 6 months (n=58), yes 56 (96.6) N/A N/A

Vision quality far 1 month (n=63) N/A 9.41 9.16–9.66

Vision quality intermediate 1 month (n=63) N/A 9.75 9.61–9.88
Vision quality near 1 month (n=63) N/A 9.52 9.29–9.74

Vision quality far 6 months (n=56) N/A 9.25 9.00–9.50

Vision quality intermediate 6 months (n=57) N/A 9.61 9.46–9.77
Vision quality near 6 months (n=56) N/A 9.46 9.28–9.65

Sphere 1 month (n=138), D N/A 0.09 0.04–0.14

Cylinder 1 month (n=138), D N/A −0.26 −0.29–(−0.22)
Spherical equivalent 1 month (n=138), D N/A −0.04 −0.09–0.02

Abbreviation: D, diopters.
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Table 2 Glare and Halos at 6 Months Post-Surgery: Topography and Aberration Parameters

Glare (n=58)

Parameters None (n=21) Mild (n=23) Moderate (n=13) Severe (n=1) *p-value

Total spherical aberration 0.10; 0.04–0.17 0.10; 0.04–0.15 0.10; 0.04–0.16 N/A 0.881
Total coma 0.15; 0.10–0.19 0.15; 0.11–0.20 0.15; 0.08–0.21 N/A 0.634

Total trefoil 0.37; 0.22–0.53 0.24; 0.13–0.35 0.28; 0.14–0.42 N/A 0.130

Total HOA 0.51; 0.32–0.71 0.39; 0.27–0.51 0.40; 0.26–0.54 N/A 0.554
SRI 0.41; 0.34–0.48 0.40; 0.31–0.49 0.45; 0.30–0.60 N/A 0.608

IAI 0.44; 0.43–0.46 0.43; 0.42–0.45 0.45; 0.42–0.48 N/A 0.527

Corneal spherical aberration 0.13; 0.09–0.16 0.13; 0.10–0.17 0.11; 0.07–0.14 N/A 0.902
Corneal coma 0.13; 0.09–0.16 0.18; 0.12–0.25 0.13; 0.09–0.18 N/A 0.673

Corneal trefoil 0.17; 0.12–0.21 0.10; 0.07–0.13 0.11; 0.07–0.15 N/A 0.073

Corneal HOA 0.27; 0.21–0.33 0.26; 0.20–0.33 0.23; 0.17–0.29 N/A 0.683

Halos (n=58)

Parameters None (n=27) Mild (n=22) Moderate (n=9) Severe (n=0) *p-value

Total spherical aberration 0.09; 0.04–0.14 0.10; 0.04–0.15 0.13; 0.03–0.23 N/A 0.450
Total coma 0.13; 0.10–0.16 0.18; 0.12–0.23 0.15; 0.06–0.23 N/A 0.418

Total trefoil 0.28; 0.21–0.35 0.32; 0.15–0.49 0.29; 0.09–0.48 N/A 0.725

Total HOA 0.39; 0.31–0.47 0.50; 0.29–0.70 0.47; 0.24–0.69 N/A 0.661
SRI 0.40; 0.33–0.48 0.43; 0.34–0.52 0.39; 0.23–0.54 N/A 0.887

IAI 0.44; 0.43–0.45 0.44; 0.42–0.46 0.44; 0.40–0.47 N/A 0.983

Corneal spherical aberration 0.11; 0.09–0.14 0.14; 0.11–0.17 0.12; 0.04–0.20 N/A 0.439
Corneal coma 0.11; 0.09–0.13* 0.21; 0.14–0.27* 0.13; 0.05–0.21 N/A 0.002
Corneal trefoil 0.14; 0.10–0.18 0.12; 0.08–0.16 0.09; 0.06–0.13 N/A 0.570

Corneal HOA 0.24; 0.20–0.28 0.30; 0.23–0.36 0.22; 0.10–0.33 N/A 0.197

Notes: All values presented as mean; 95% Confidence Interval for mean; Significant p-values are shown in bold; *Kruskal–Wallis test adjusted for multiple comparisons. 
Abbreviations: HOA, higher order aberrations; SRI, corneal surface regularity index; IAI, corneal irregular astigmatism index.

Table 3 Glare and Halos at 6 Months Post-Surgery: Pre-Operative Biometry Parameters

Glare (n=58)

Parameters None (n=21) Mild (n=23) Moderate (n=13) Severe (n=1) *p-value

Average K 43.99; 43.33–44.65 43.81; 42.98–44.64 43.97; 43.06–44.87 N/A 0.944
K astigmatism 0.66; 0.48–0.85 0.59; 0.46–0.72 0.96; 0.51–1.40 N/A 0.541

AL 23.33; 22.83–23.83 23.90; 23.42–24.38 23.59; 22.88–24.30 N/A 0.217

ACD 3.24; 3.06–3.42 3.25; 3.07–3.43 3.22; 2.99–3.44 N/A 0.978
Sphere 0.04; −0.74–0.81 −0.18; −1.62–1.25 0.75; −0.72–2.12 N/A 0.342

Lens thickness 4.24; 3.99–4.49 4.35; 4.15–4.54 4.56; 4.32–4.79 N/A 0.279

chord μ 0.25; 0.18–0.31 0.26; 0.19–0.33 0.29; 0.18–0.41 N/A 0.525

Halos (n=58)

Parameters None (n=27) Mild (n=22) Moderate (n=9) Severe (n=0) *p-value

Average K 43.87; 43.19–44.55 43.89; 43.19–44.59 44.19; 43.04–45.34 N/A 0.498
K astigmatism 0.75; 0.54–0.95 0.64; 0.41–0.86 0.71; 0.42–1.01 N/A 0.500

AL 23.63; 23.16–24.10 23.43; 23.01–23.85 23.92; 22.84–25.00 N/A 0.569
ACD 3.22; 3.07–3.38 3.21; 3.06–3.36 3.32; 2.93–3.71 N/A 0.839

Sphere 0.07; −0.93–1.08 0.51; −0.66–1.68 −0.53; −2.51–1.46 N/A 0.469

Lens thickness 4.36; 4.17–4.56 4.39; 4.19–4.58 4.33; 3.92–4.74 N/A 0.978
chord μ 0.25; 0.20–0.29 0.32; 0.24–0.40 0.21; 0.06–0.36 N/A 0.138

Notes: All values presented as mean; 95% Confidence Interval for mean; *Kruskal–Wallis test adjusted for multiple comparisons. 
Abbreviations: AL, axial length; ACD, anterior chamber depth.
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at 1 month varied between 9.41 and 9.75 at all distances, 
and at 6 months varied between 9.25 and 9.61 at all 
distances (Table 1). Spectacle independence at all dis-
tances and at 1 and 6 months post-surgery varied between 
97% and 100%, and probably for this reason between 
96.6% and 98.5% of patients would recommend the sur-
gery (Table 1). The incidence of capsular opacity was low 
both at 1 month and 6 months post-surgery (0.7% and 

6.0%, respectively). At 6 months post-surgery, 3 eyes 
from 2 patients showed grade 1 PCO10 with no need for 
YAG laser capsulotomy, whilst 4 eyes from another 2 
patients showed grade 2 PCO10 and underwent YAG 
laser capsulotomy. PCO had no influence on visual acuity 
or on the occurrence of glare or halos.

In our study, patients who presented a better baseline 
BCVA were more prone to perceive glares and halos after 

Table 4 Glare and Halos at 6 Months Post-Surgery: Refractive and Visual Acuity Parameters

Glare (n=58)

Parameters None (n=21) Mild (n=23) Moderate (n=13) Severe (n=1) p-value

Pre-op seq −0.33; −1.13–0.47 −0.46; −1.91–0.99 0.35; −1.04–1.73 N/A 0.308
Pre-op BCVA 0.21; 0.14–0.28*/** 0.12; 0.05–0.20* 0.04; −0.02–0.10** N/A *0.004/**<0.001
1 month refraction −0.21; −0.32 – −0.10 −0.27; −0.36 – −0.19 −0.27; −0.41 – −0.13 N/A 0.610

1 month seq 0.02; −0.13–0.18 −0.17; −0.28 – −0.06* 0.09; −0.10–0.29* N/A *0.001
1 month BCVA 0.01; −0.02–0.03 0.00; −0.02–0.01 −0.01; −0.03–0.01 N/A 0.942

1 month UCVA 0.04; −0.01–0.08 0.02; −0.01–0.04 0.05; −0.01–0.11 N/A 0.561

Halos (n=58)

Parameters None (n=27) Mild (n=22) Moderate (n=9) Severe (n=0) p-value

Pre-op seq −0.29; −1.28–0.70 0.18; −1.02–1.38 −0.79; −2.89–1.30 N/A 0.549

Pre-op BCVA 0.20; 0.13–0.27* 0.12; 0.06–0.18** 0.00; −0.07–0.08*/** N/A *<0.001/**0.009
1 month refraction −0.20; −0.27 – −0.13 −0.30; −0.41 – −0.18 −0.28; −0.43 – −0.13 N/A 0.400

1 month seq 0.00; −0.12–0.13 −0.14; −0.26 – −0.01 0.03; −0.25–0.31 N/A 0.171

1 month BCVA 0.01; −0.01–0.03 −0.01; −0.02–0.00 −0.01; −0.04–0.01 N/A 0.410
1 month UCVA 0.05; 0.01–0.08 0.01; −0.01–0.03 0.03; −0.05–0.12 N/A 0.415

Notes: All values presented as mean; 95% Confidence Interval for mean; p-values from Kruskal–Wallis test adjusted for multiple comparisons. Significant p-values are shown 
in bold; *Groups significantly different from each other; **Groups significantly different from each other. 
Abbreviations: seq, spherical equivalent; pre-op, pre-operative; BCVA, best-corrected visual acuity in LogMAR; UCVA, uncorrected visual acuity in LogMAR.

Figure 1 Percentage of patients with glare over time. */**p=0.001. p=ns between time points.
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1 month of surgery in comparison with the ones with 
a worse baseline BCVA. The same results were observed 
6 months after surgery. Since the residual refractive error 
after surgery was very low and there was no correlation 
between pre-operative BCVA and sphere, cylinder or sphe-
rical equivalent at 1 month, and no association between 
pre-operative BCVA and spectacle dependence at all dis-
tances at 1 and 6 months, the relationship between pre- 
operative visual acuity and photic phenomena was not 
influenced by any of the mentioned results. Thus, the 
association between baseline BCVA and glares and halos 
seems to be dependent solely on the patient’s perception.

Overall, regression analysis corroborated the causality 
relation between a better baseline visual acuity and the occur-
rence of photic phenomena suggested by association analyses. 
These suggest that patients that have a better visual acuity 
before surgery are more demanding regarding visual outcomes 
after surgery, unlike those who have more visual impairment 
and therefore perceive any small improvement as important.

It has been proposed that perceived understanding of 
post-operative function and expectation-outcome discre-
pancy are important factors in the overall satisfaction of 
intervened cataract patients that generally present high 
expectations concerning the results of the procedures.11 

Subjective visual symptoms, mostly blurred vision and 
photic phenomena, have been reported as the leading 
causes of patient dissatisfaction after multifocal IOL 
implantation, even though good visual acuity outcomes 

are obtained.12 Tchah et al suggested that visual acuity 
may not always be a good measure of subjective symp-
toms or patient satisfaction following implantation of 
multifocal IOL, since it was noticed that although all 
dissatisfied subjects had subjective visual complaints, 
their corrected distance visual acuity was 20/20 or 
better.5

Welch et al illustrated that the general level of patient 
satisfaction regarding cataract removal and IOL place-
ment, while high, is still more affected by glare than by 
any other studied parameter, including UDVA, BCVA, 
posterior capsular opacification, and anterior capsular 
overlap of the IOL optic.13

Concerning the Acrysof IQ® PanOptix®, a study in 116 
eyes of 58 patients evaluated visual outcomes with a visual 
satisfaction questionnaire (Catquest 9-SF with 5 added 
questions), which included photic phenomena, 9 and 12 
months after surgery. A high percentage of patients did not 
present daily life challenges (84.5%), in spite of 32.8% 
reporting seeing halos often or always with illumination 
and 10.3% having occurrences of glare. Only 3.4% of 
patients declared to be quite unsatisfied with the 
surgery.14 Another study compared the visual performance 
and quality of vision of 60 binocularly implanted trifocal 
IOLs (FineVision vs PanOptix). Once again, halos were 
the most common phenomenon reported by patients, being 
mostly mild and therefore not considered to impact quality 
of life significantly.15

Figure 2 Percentage of patients with halos over time. */**p=0.002. p=ns between time points.
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It has been suggested that glare and halos reported by 
pseudophakic patients can be attributed to spherical aber-
ration. The contrast sensitivity anticipated for a multifocal 
IOL is lower than for healthy eyes, due to the increase in 
spherical aberration, and post-operative loss of contrast 
sensitivity after multifocal IOL implantation has been 
associated to HOA increase.16 The fact that the 0.200 to 
0.399 µm corneal HOA group reported less moderate 
halos at 1 month compared to mild or no halos may 
indicate that patients within this range of HOA present 
a better visual quality and, therefore, less photic 
phenomena.

Our results also showed that both corneal coma and 
total coma are associated with mild halos at 6 months, 
which indicates that the lower the coma, the less the 
possibility of the occurrence of mild halos at 6 months. 
Univariate analysis, which considered corneal and total 
coma groups, showed the same results for the lower 
coma group, 0.000–0.199 µm.

Despite many patients with high angle kappa being 
asymptomatic, statistically significant association of 
angle kappa with the occurrence of halos and glares has 
been reported in some studies.17,18 Our results did not 
show any association between angle kappa and glare or 
halos. One possible explanation could be the cut-off value 
we have selected for the angle kappa in the inclusion 
criteria (≤0.58 mm). This is the value of the radius of the 
inner circle of the diffractive zone of the PanOptix trifocal 
IOL. It has been suggested that if the eye has an angle 
kappa greater than half of the diameter of the central ring 
of the multifocal IOL, light rays may pass through one or 
more of the multifocal rings and produce glare.19

Our results also suggest that the higher the lens thick-
ness the less the occurrence of halos at 1 month. A higher 
value of chord μ was associated with a higher incidence of 
halos at 1 month, with no differences at 6 months or glare 
at any time point. The reported mean value and standard 
deviation for apparent chord µ is 0.30±0.15 mm. We may 
speculate that this absence of statistical significance may 
be due to the fact that in our study only one patient showed 
a chord µ value >0.6 mm and it has been suggested that 
values higher than 0.6 mm are more likely related to glare 
and halos with diffractive multifocal IOLs.20–22

Finally, age was associated with glare and halos at 1 
and 6 months: lower aged patients showed more glare and 
halos at 1 month and 6 months. Similar results regarding 
halos in younger patients were published with the implan-
tation of another trifocal IOL.23 Again these results 

suggest that lower aged patients are more demanding 
regarding visual outcomes after surgery. However, another 
study analyzed refractive and visual outcomes, patient 
satisfaction, and complications among different age 
groups. There were no statistically significant differences 
in visual phenomena or night driving difficulties reported 
by patients of different age groups.24

This study had some limitations. It was a single-center 
study, with no control group, and the time of follow-up 
might not have been sufficient to completely understand 
the level of bothersome related to unwanted photic phe-
nomena, since its perception tends to decrease with time. It 
has been shown by the use of functional magnetic reso-
nance imaging (MRI) that after the implantation of multi-
focal IOLs a form of long-term adaptation/functional 
plasticity occurs, since the study showed that fewer brain 
regions were required to perform the visual tasks as time 
passed.25 The main strengths of this study are the fact that 
all surgeries were performed by the same surgeon, thus 
reducing variability, and the fact that both objective and 
subjective parameters were collected.

Conclusion
This study shed some light on predictive factors of dis-
satisfaction for photic phenomena, allowing for a better 
management of patients’ expectations and increased satis-
faction with the procedure. On multivariate regression 
analyses the only predictor of photic phenomena was base-
line visual acuity, suggesting that patients that have 
a better visual acuity before surgery are more demanding 
regarding visual outcomes after surgery, unlike those who 
have more visual impairment and therefore perceive any 
small improvement as important.
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