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Purpose: Halos are a chief source of patient dissatisfaction after multifocal intraocular lens 
(IOL) implantation. The primary purpose of this study was to investigate the influence of 
age, postoperative refraction, and pre- and postoperative pupil size on postoperative halo size 
with a trifocal diffractive IOL (AcrySof IQ PanOptix) and extended depth-of-focus (EDOF) 
IOL (TECNIS Symfony) to determine whether these factors could predict postoperative halo 
size.
Patients and Methods: This single-center, open-label study conducted between 
October 2018 and April 2020 in Yokosuka, Japan included 160 patients: 80 with PanOptix 
and 80 with Symfony IOLs. Size and intensity of the halos were examined binocularly using 
a computer-based simulator (Eyeland Design Network GmbH) and scored from 0 (minimum) 
to 10 (maximum) at 1, 3, and 6 months postoperatively, along with the change in each 
variable for both IOLs. The respective correlations of halo size with age, postoperative 
refraction, pre- and postoperative pupil size, and discomfort level due to the halo were also 
investigated 6 months postoperatively.
Results: Halo size and intensity were significantly mitigated between 1, 3, and 6 months 
postoperatively. Throughout the observation period, halo size was significantly larger with 
PanOptix than with Symphony (P < 0.05), and halo intensity was significantly higher with 
Symphony than with PanOptix (P < 0.05). The pre- and postoperative pupil size correlated 
positively with halo size, while age and postoperative refraction were negatively correlated, 
for both IOLs.
Conclusion: Understanding the features and predictive preoperative factors of halos in 
different types of multifocal IOLs may be useful in improving patient satisfaction.
Keywords: halo size, multifocal intraocular lens, biometric predictable factors, trifocal 
intraocular lens, extended depth-of-focus intraocular lens, photic phenomena, halo

Introduction
Patient satisfaction does not always differ between monofocal and multifocal 
intraocular lenses (IOLs), despite the fact that multifocal IOLs provide better 
near visual acuity and greater spectacle independence than do monofocal 
IOLs.1,2 Photic phenomena, such as halo and glare, are among the chief sources 
of patient dissatisfaction after multifocal IOL implantation.3 In 2018, Mencucci 
et al4 investigated a total of 120 eyes in 60 patients with multifocal IOLs using 
Symfony (40 eyes) (Abbott Medical Optics), PanOptix IQ (40 eyes) (Alcon), and 
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AT LISA tri 839MP (40 eyes) (Carl Zeiss Meditec) and 
reported that 70% and 50% of patients with multifocal 
IOLs experienced halo and glare, respectively; moreover, 
halo was the most severe and aggravating postoperative 
optical phenomenon with each IOL.4 Previous studies 
have shown that a decrease in contrast sensitivity, fol-
lowed by a photic phenomenon, were the most common 
causes of IOL explantation after multifocal IOL 
implantation.5,6 Zhao et al1 noted a significantly higher 
incidence of halos in patients with multifocal IOLs than in 
those with monofocal IOLs. A variable degree of photic 
phenomena was also noted with multifocal IOLs. Ruiz- 
Mesa et al7 concluded that the differences between the 
photic phenomena for the commonly used multifocal 
IOLs, such as PanOptix and Symfony, were not signifi-
cant. On the contrary, Skiadaresi et al8 indicated greater 
halo intensity with the Symfony than with the PanOptix 
IOL. Hence, the occurrence and intensity of photic phe-
nomena with various IOLs require further research. One 
of the objectives of this study was to compare the size and 
intensity of halos in patients implanted with the PanOptix 
and Symfony IOLs. We also investigated and compared 
the change in the halo size and intensity with both IOLs 1, 
3, and 6 months postoperatively since a previous study 
indicated that the photic phenomena are mitigated in the 
postoperative period.6

Several studies have shown how photic phenomena 
originate from the design of the IOL, such as apodization 
or non-apodization, sphericity or asphericity, degree of 
additional power, and lens-edge design.9–11 From the per-
spective of optics, diffractive multifocal IOLs are designed 
to distribute light to different foci and increase spectacle 
independence among patients.11 This theory indicates that 
the image is always overlaid by 1 secondary out-of-focus 
image in bifocal IOLs or 2 secondary out-of-focus images 
in trifocal IOLs, derived from the additional foci of the 
IOLs, which in turn induces the photic phenomena.12

The degree of halo was also attributable to some bio-
metric variables such as kappa angle and pupil center shift, 
in addition to the IOL design and optical theory.13

However, there is a scarcity of studies focusing on 
factors for the prediction of halo size.14–16 Therefore, we 
also analyzed age, postoperative refraction, and pre- and 
postoperative pupil size as potential predictors of halo size 
in multifocal IOLs. Moreover, the level of patient discom-
fort due to the halo was investigated.

Given the fact that photic phenomena are among the 
most common factors causing dissatisfaction with the use 

of multifocal IOLs (especially halos, which cause substan-
tial annoyance to patients), in-depth familiarity with the 
difference between the degree of halo for various multi-
focal IOLs and predictors of halo size may be vital in 
informing patients about the postoperative halo before 
surgery. Furthermore, the findings of this study may be 
helpful to ophthalmologists in providing their patients with 
personalized information regarding the prediction of sever-
ity of the halo, depending on the type of multifocal IOL 
and other factors. This was the principal aim of this study.

Materials and Methods
This single-center, open-label study was conducted at 
Yokosuka Chuo Eye Clinic. All physical examinations, 
surgical procedures, and research were performed from 
October 2018 to September 2020. Informed consent was 
obtained from all patients after explaining the study pro-
tocol in detail. All research procedures were conducted in 
accordance with the Declaration of Helsinki. The study 
was approved by the ethics committee of Yokosuka Chuo 
Eye Clinic.

Patient and IOL Selection
All patients enrolled in this study visited the clinic because 
of worsening vision quality and were diagnosed with cat-
aracts. Other inclusion criteria included the following: 
a best-corrected distance visual acuity under 20/20 or 
a lower than normal result on contrast sensitivity testing 
(Contrast Glare Tester CGT-1000, Takagi, Japan). Patients 
with other visual or systemic disorders affecting vision, 
such as diabetic retinopathy, glaucoma, age-related macu-
lar degeneration, uveitis, or a history of intraocular sur-
gery, were excluded to eliminate possible confounding 
factors that could influence the outcomes. 
Ophthalmologists explained the design of each IOL, and 
the patient selected which IOL to receive, PanOptix 
(Alcon, Fort Worth, TX, USA) or Symfony (Abbott 
Medical Optics/AMO, Inc., Santa Ana, California, USA, 
now Johnson-Johnson Vision).

The AcrySof IQ PanOptix Model TFN00 IOL, 
launched in 2015, is an ultraviolet (UV), blue-light filter-
ing, and non-apodized, diffractive, foldable, presbyopia- 
correcting IOL with a refractive index of 1.55. This single- 
unit IOL with 2 open C-loop haptics is composed of 
a hydrophobic acrylic, an acrylate/methacrylate copoly-
mer, with a central biconvex optic lens, as well as an 
inner diffractive and outer refractive zone. The total length 
of the IOL is 13 mm, and its optic diameter is 6 mm. The 

https://doi.org/10.2147/OPTH.S327660                                                                                                                                                                                                                               

DovePress                                                                                                                                                                 

Clinical Ophthalmology 2021:15 4142

Teshigawara et al                                                                                                                                                    Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


anterior part of the lens is spherical, and the posterior part 
is aspherical. The central part of the optical zone, measur-
ing 4.5 mm, is a diffractive surface with an additional 
power of 2.17 diopters (D) for intermediate (60 cm) and 
3.25 D for near (40 cm) vision, while 50% of light energy 
is allocated for distance vision and 25% each for inter-
mediate and near vision.

This diffractive structure allows 88% of light to pass 
through a pupil size of 3.0 mm, and optimizes perfor-
mance in various lighting conditions, due to lesser depen-
dence on pupil size.17,18

The TECNIS Symfony IOL, launched in 2014, 
a single-unit IOL with 2 open C-loop haptics, is 
a biconvex, UV-blocking, hydrophobic, acrylic extended 
depth-of-focus (EDOF) IOL with a refractive index of 
1.47. This EDOF lens has 1.75D additional power for 
intermediate (70 cm) vision. The TECNIS Symfony has 
a proprietary achromatic diffractive surface and echelette 
design that offers low-add foci, which extend the range of 
vision for intermediate through far distances. This unique 
lens surface design also corrects chromatic aberrations, 
which enhances contrast sensitivity.19

Pre- and Postoperative Examinations
All patients underwent a complete preoperative 
ophthalmic examination. Nuclear grading was per-
formed according to the Emery-Little classification20 

under slit-lamp examination by 5 experienced ophthal-
mologists. Vision testing for subjective refraction was 
performed by the same technician. Anterior segment 
swept-source optical coherence tomography was per-
formed using the CASIA 2 (Tomey Corp, Nagoya, 
Japan) to measure the preoperative photopic pupil dia-
meter. The postoperative target refraction was based on 
the patients’ requests. For most patients, the target 
refraction was emmetropia; however, some patients 
with preoperative myopia preferred to maintain very 
slight myopia to see near objects more clearly post-
operatively. In such cases, very slight myopia (from 
−0.25D to −0.5D) was the target, even if it would 
slightly compromise some quality of vision.

The recommended IOL power and predicted postopera-
tive refraction were calculated using the IOL Master 700 
(Carl Zeiss, Oberkochen, Germany).

Complete ophthalmic examinations, including sub-
jective refraction, were conducted 1, 3, and 6 months 
postoperatively. A computer-based simulator software 
(Halo & Glare Simulator, Eyeland Design Network 

GmbH, Vreden, Germany) was used to evaluate the 
size and intensity of the halos without refractive correc-
tion at 1 and 3 months, and with and without refractive 
correction at 6 months postoperatively. Patients selected 
the type of halo they experienced (T1: diffuse halo ring, 
T2: starburst type, T3: distinct halo ring) and adjusted 
its size and intensity on a slide bar with a simultaneous 
visual representation on the screen. The size and inten-
sity of the halo were scored from 0 (minimum) to 10 
(maximum) based on the position of the slide bar (there 
is no unit for these scores). Postoperative pupil size was 
also measured 6 months after the procedure using the 
CASIA 2. Patients were also asked about the level of 
discomfort due to the halo at 6 months postoperatively 
and responses were scored according to the answers 
“not at all” (0), “a little” (1), “somewhat” (2), “very 
much” (3), and “extreme” (4).

Surgical Technique
All surgical procedures were performed using femtosecond 
laser-assisted cataract surgery on the LenSx platform (Alcon 
Laboratories, Inc., Fort Worth, TX, USA) with a 5.0-mm 
capsulotomy and chop-and-cylinder fragmentation pattern. 
Emulsification and aspiration of the fragmented lens and 
aspiration of the cortex were performed using the 
Centurion® Vision System (Alcon Laboratories, Inc., Fort 
Worth, TX, USA). In all cases, the IOLs were inserted in 
the bag.

Data Analysis
The Mann–Whitney U-test was used to compare halo size 
and intensity of the PanOptix and Symfony IOLs 1, 3, and 
6 months after implantation. The changes in halo size and 
intensity with each IOL were analyzed between 1, 3, and 6 
months after surgery using the Wilcoxon signed-rank test.

A post-hoc power analysis was performed to investi-
gate the power of our tests from the given sample size. We 
investigated the correlations between halo size and age, 
pre and postoperative pupil size, and the actual value of 
postoperative refraction with each IOL. Additionally, the 
change in halo size with postoperative refraction correc-
tion 6 months postoperatively was analyzed. Furthermore, 
the relationship between 6-months postoperative halo size 
and the level of discomfort due to the halo was also 
analyzed. These relationships were analyzed for each 
IOL using the Spearman’s rank-order correlation tests 
and P<0.05 was considered statistically significant. All 
statistical analyses were performed using the Bell Curve 

Clinical Ophthalmology 2021:15                                                                                                   https://doi.org/10.2147/OPTH.S327660                                                                                                                                                                                                                       

DovePress                                                                                                                       
4143

Dovepress                                                                                                                                                    Teshigawara et al

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

https://www.dovepress.com
https://www.dovepress.com


for Excel software, version 3.20 (Social Survey Research 
Information Co., Ltd., Tokyo, Japan).

Results
The clinical characteristics of the 160 patients (80 in the 
PanOptix and 80 in the Symfony group) are shown in 
Table 1. The mean age, mean preoperative pupil size, 
and mean preoperative refraction were as follows: 74.1 
±5.7 years (58−83), 3.26±0.3 mm (2.72−4.00), and −0.11 
±1.57 D (−4.25–3.00) in the Symfony group and 74.1±5.6 
years (58−84), 3.23±0.28 mm (2.63−3.99), and −0.10 
±1.58 D (−3.50−2.50) in the PanOptix group, respectively. 
Women comprised 42% of the Symfony group and 43% of 
the PanOptix group. The mean postoperative pupil size 
and refraction were as follows: 3.01±0.28 mm (2.51 
−3.71) and −0.02±0.38 D (−0.75−0.50) in the Symfony 
group and 3.00±0.26 mm (2.43−3.70) and −0.02±0.36 
D (−0.75−0.50) in the PanOptix group, respectively.

The post-hoc power analysis showed that, for the 
medium effect size d=0.5, the Mann–Whitney U and 
Wilcoxon signed-rank tests had very good power 
(88.2% and 99.3%, respectively) (Additional Files 1 
and 2, respectively).

Size and Intensity of the Halo with 
PanOptix and Symfony
Table 2 indicates the halo size with each IOL at 1, 3, and 6 
months postoperatively. The halo size with PanOptix (4.60 
± 1.80, 4.40 ± 1.79, 3.20 ± 1.54) was significantly larger 
than that with Symfony (3.73 ± 2.03, 3.46 ± 1.84, 2.90 ± 
1.87) at 1, 3, and 6 (P< 0.05). With each IOL, the halo size 
decreased significantly between 1 and 3 months (P<0.001) 
and between 3 and 6 months (P<0.001). The halo size 
decrease with each IOL was significantly larger between 
3 and 6 months than between 1 and 3 months (P<0.001).

Table 3 shows the halo intensity in eachIOL at 1, 3, 
and 6 months postoperatively. The halo intensity with 
Symfony (4.28 ± 1.79, 4.09 ± 1.74, 3.41 ± 1.69) was 
significantly higher than that with PanOptix (3.93 ± 1.51, 
3.71 ± 1.34, 2.50 ± 1.19) (P<0.05). With each IOL, the 
halo intensity decreased significantly between 1 and 3 
months (P<0.001) and between 3 and 6 months 
(P<0.001). With each IOL, the halo intensity was signifi-
cantly lower between 3 and 6 months than between 1 and 
3 months (P<0.001).

The T1 halo pattern (diffuse halo ring) was observed in 
56.6%, T2 (starburst type) was observed in 43.4%, and T3 
(distinct halo ring) was observed in 0% of patients in the 
Symfony group. The T1, T2, and T3 patterns were observed 
in 58.2%, 41.8%, and 0% of patients in the PanOptix group, 
respectively. There were no significant differences between 
the types of halo with both IOLs (P>0.05).

Relationship Between Halo Size and Age, 
Pre- and Postoperative Pupil Size, and 
Postoperative Refraction
The preoperative photopic pupil size demonstrated 
a significantly positive correlation with halo size 6 months 
preoperatively in the Symfony (Rho=0.584 P<0.0001) 
(Figure 1A) and PanOptix (Rho=0.679 P<0.0001, 
Rho=0.591 P<0.0001) (Figure 1B) groups.

Table 1 Patients’ Clinical Characteristics

Symfony 
(n=80)

PanOptix 
(n=80)

Age (years) 74.1±5.7 (58−83) 74.1±5.6 (58−84)

Sex (Female) 42% 43%
Preoperative photopic pupil 

size (mm)

3.26±0.3 (2.72 

−4.00)

3.23±0.28 (2.63 

−3.99)

Preoperative refraction (D) −0.11±1.57 
(−4.25−3.00)

−0.10±1.58 
(−3.50−2.50)

Postoperative photopic 

pupil size (mm)

3.01±0.28 (2.51 

−3.71)

3.00±0.26 (2.43 

−3.70)
Postoperative refraction (D) −0.02±0.38 

(−0.75−0.50)

−0.02±0.36 

(−0.75−0.50)

Abbreviation: D, diopters.

Table 2 Time Trends in Postoperative Halo Size at 1, 3, and 6 Months

Lens Halo Size Post Operation *P1M-3M *P3M-6M *P(1M-3M)-(3M-6M)

1M 3M 6M

Symfony 3.73 ± 2.03 3.46 ± 1.84 2.90 ± 1.87 <0.001 <0.001 <0.001
PanOptix 4.60 ± 1.80 4.40 ± 1.79 3.20 ± 1.54 <0.001 <0.001 <0.001

*Wilcoxon signed-rank test

Notes: P1M-3M: P 1M vs 3M, P3M-6M: P 3M vs 6M, P(1M-3M)-(3M-6M): between 1M and 3M vs between 3M and 6M. 
Abbreviations: 1M, 1 month; 3M, 3 months; 6M, 6 months.
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The postoperative photopic pupil size demonstrated 
a significantly positive correlation with halo size 6 
months postoperatively in the Symfony (Rho=0.589 
P<0.0001) (Figure 2A) and PanOptix (Rho=0.690 
P<0.0001) (Figure 2B) groups. Postoperative refraction 
showed a significant negative correlation with halo size 
in the Symfony (Rho=−0.708 P<0.0001) (Figure 3A) 

and PanOptix (Rho=−0.545 P<0.0001) (Figure 3B) 
groups 6 months postoperatively. Additionally, the 
higher the postoperative myopia was corrected, the 
more the halo size decreased in the Symfony (Rho= 
−0.660 P<0.0001) (Figure 4A) and PanOptix (Rho= 
−0.567 P<0.0001) (Figure 4B) groups 6 months 
postoperatively.

Table 3 Time Trends in Postoperative Halo Intensity at 1, 3, and 6 Months

Lens Halo Intensity Post Operation P1M-3M P3M-6M P(1M-3M)-(3M-6M)

1M 3M 6M

Symfony 4.28 ± 1.79 4.09 ± 1.74 3.41 ± 1.69 <0.001 <0.001 <0.001

PanOptix 3.93 ± 1.51 3.71 ± 1.34 2.50 ± 1.19 <0.001 <0.001 <0.001

Notes: P1M-3M: P 1M vs 3M, P3M-6M: P 3M vs 6M, P(1M-3M)-(3M-6M): between 1M and 3M vs 3M and 6M. 
Abbreviations: 1M, 1 month; 3M, 3 months; 6M, 6 months.

Figure 1 Correlation between the preoperative pupil size and halo size, measured 6 months postoperatively, with the Symfony (A) and PanOptix (B) intraocular lenses. 
Abbreviation: M, month.

Figure 2 Correlation between the postoperative pupil size and halo size, measured 6 months postoperatively, with the Symfony (A) and PanOptix (B) intraocular lenses. 
Abbreviation: M, month.
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The patients’ age was negatively correlated with post-
operative halo size 6 months postoperatively in both the 
Symfony and PanOptix groups. These correlations were 
significant in the Symfony (Rho=−0.589 P<0.0001) 
(Figure 5A) and PanOptix (Rho=−0.540 P<0.0001) 
(Figure 5B) groups.

Relationships Between Age, Pre- and 
Postoperative Pupil Size, and 
Postoperative Refraction
The pre- and postoperative pupil size exhibited significant 
positive correlations in the Symfony (Rho=0.999 P<0.0001) 
(Figure 6A) and PanOptix (Rho=0.999 P<0.0001) 
(Figure 6B) groups. No significant correlation was observed 
between postoperative pupil size and postoperative refrac-
tion in the Symfony (Rho=−0.030 P=0.792) (Figure 7A) and 

PanOptix (Rho=−0.061 P=0.558) (Figure 7B) groups. Age 
and postoperative pupil size demonstrated significant nega-
tive correlations in the Symfony (Rho=−0.926 P<0.0001) 
(Figure 8A) and PanOptix (Rho=−0.827 P<0.0001) 
(Figure 8B) groups. However, there was no significant cor-
relation between age and postoperative refraction in the 
Symfony (Rho=−0.030 P=0.792) (Figure 9A) and 
PanOptix (Rho=−0.061 P=0.558) (Figure 9B) groups.

Level of Patient Discomfort Due to the 
Postoperative Halo
The level of patient discomfort due to the postoperative 
halo overall and with each IOL type is shown in 
Figure 10A. There were no significant differences in the 
discomfort level between the IOLs (P>0.05).

There was a significant positive correlation between 
halo size without refraction correction and the level of 

Figure 3 Correlation between postoperative refraction and halo size, measured 6 months postoperatively, with the Symfony (A) and PanOptix (B) intraocular lenses. 
Abbreviations: M, month; SE, spherical equivalent; D, diopters.

Figure 4 Correlation between the degree of refractive correction and the degree of the decrease in halo size, measured 6 months postoperatively, with the Symphony (A) 
and PanOptix (B) intraocular lenses. 
Abbreviation: D, diopters.
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Figure 6 Correlation between preoperative and postoperative pupil size with the Symfony (A) and PanOptix (B) intraocular lenses.

Figure 7 Correlation between postoperative pupil size and postoperative refraction with the Symfony (A) and PanOptix (B) intraocular lenses. 
Abbreviations: SE, spherical equivalent; D, diopters.

Figure 5 Correlation between age and halo size, measured 6 months postoperatively, with the Symfony (A) and PanOptix (B) intraocular lenses. 
Abbreviation: M, month.
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patient discomfort 6 months postoperatively in both the 
Symfony (Rho= 0.852 P<0.0001) (Figure 10B) and 
PanOptix (Rho= 0.847 P<0.0001) groups (Figure 10C).

Discussion
This study focused on analyzing the relationship between 
the photic phenomena (halo) and the potential predictive 
factors of halo size and the time trend in halo size and 
intensity in eyes implanted with a trifocal or EDOF lens.

A halo is formed by the superimposition of 1 or more 
focus images produced by the different powers present in 
the optical zone of multifocal IOLs. Alba-Bueno et al21 

conducted in vitro objective assessments of the halo and 
found that the size of the halo increases in proportion to 
the added power and that halo size negatively correlated 
with intensity. The results of our study correspond to 

their findings, although the halo was significantly larger 
with trifocal (PanOptix) than with EDOF (Symfony) 
IOLs, and vice versa for intensity. Moreover, it has also 
been reported that the subjective perception of halos is 
mitigated by the passage of time,6,22 probably due to 
neuroadaptation.13 In this study, halo size and intensity 
with both IOLs decreased at comparable levels in the 
observation period, which can be attributable to neuroa-
daptation. The decrease in halo size and intensity with 
each IOL was significantly greater between 3 and 6 
months than between 1 and 3 months in our study. 
Thus, the results of the size and intensity of the halo in 
trifocal (PanOptix) and EDOF (Symfony) IOLs in our 
study supported the optical and physical theories of pre-
vious studies.6,21,22 Hence, patients should be notified of 
these tendencies, so that they can have a realistic 

Figure 9 Correlation between age and postoperative refraction with the Symfony (A) and PanOptix (B) intraocular lenses. 
Abbreviations: SE, spherical equivalent; D, diopters.

Figure 8 Correlation between age and postoperative pupil size with the Symfony (A) and PanOptix (B) intraocular lenses.
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expectation about the quality of postoperative vision in 
multifocal IOLs.

The prediction of the degree of postoperative halos 
using pre-operative variables aids the selection of multi-
focal IOL type and provides patients with a more perso-
nalized explanation of the possibility of halo incidence 
before implantation. This notion was the motivation under-
lying our aim to analyze the relationship between halo size 
and pre-operative variables.

Prakash et al15 demonstrated that halos significantly 
depend on the misalignment between the visual and pupil-
lary axes (kappa angle) in multifocal IOLs. Tchah et al14 

reported the importance of the large pupil center shift and 
kappa angle on the incidence of halos. The abovemen-
tioned factors are postoperative factors that influence 
halo occurrence. Our objective was to explore preoperative 
factors that could predict halos. Some studies have 

discussed the relationship between preoperative pupil 
size and postoperative halos in laser vision correction, 
such as laser in situ keratomileusis.23–25 However, only 
a few studies have investigated the relationship between 
preoperative pupil size and halos in multifocal IOLs. Pieh 
et al26 reported that halo size depends on pupil diameter; 
however, their study investigated refractive multifocal 
IOLs and did not include diffractive multifocal IOLs. 
Vega et al12 showed that the halo size increases with an 
increase in pupil size in 4 different types of diffractive 
multifocal IOLs, and that the halo is the largest when the 
pupil size is 4.5 mm. Nonetheless, their research was 
conducted in vitro and not in vivo. Therefore, to the best 
of our knowledge, this is the first in vivo study to report 
the relationship between halo and pupil size in diffractive 
multifocal IOLs. Pre- and postoperative pupil size exhib-
ited a significant positive correlation with halo size with 

Figure 10 Level of discomfort due to the postoperative halo overall and with the Symfony and PanOptix intraocular lenses (A) 6 months postoperatively, where: 0 = not at 
all, 1 = a little, 2 = somewhat, 3 = very much, 4 = extreme. Correlation between level of discomfort and halo size measured 6 months postoperatively in the Symfony (B) 
and PanOptix (C) groups.
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both IOLs in our study. It is known that halo formation 
results from the superimposition of 1 or more out-of-focus 
images (derived from the different powers existing in the 
optical zone of the multifocal IOL) on a focused image, 
resultantly larger pupils are responsible for wider out-of- 
focus images. This image is displayed on the retina and 
can contribute to halo size. Moreover, in our study, pupil 
size decreased after surgery. According to Kanellopoulos 
et al,27 both horizontal and vertical pupil diameters 
decrease after cataract surgery. In our study, preoperative 
pupil size, which decreased after surgery, exhibited 
a strong, statistically significant positive correlation with 
postoperative pupil size. These results indicate that the 
preoperative pupil size may be used to predict halo size 
in multifocal IOLs.

Theoretically, all the light rays from a point source are 
on-axis in a perfectly focused eye (plano). In a myopic 
eye, however, light rays are focused in front of the retina 
and diffuse when they reach the retina. These off-axis light 
rays can affect the degree of halo formation.21

However, in clinical settings, patients with preopera-
tive myopia sometimes complain of uncorrected near 
sightedness after multifocal IOL implantation when the 
postoperative target refraction is plano. One study reported 
that slight myopia can be suitable for postoperative target 
refraction to improve uncorrected near sightedness, and 
patient satisfaction can improve with trifocal IOLs.28 

Therefore, we sometimes use very slight myopia as the 
postoperative target refraction in order to improve post-
operative uncorrected near sightedness. In our study, the 
postoperative refraction demonstrated a significant nega-
tive correlation with halo size, and this result implies 
a positive association between the degree of myopia in 
postoperative refraction and halo size. Moreover, in this 
study, halo size decreased with refractive correction in 
postoperative myopic eyes, and the higher the myopia 
was corrected, the more the halo size decreased with 
each IOL. This tendency was not seen in postoperative 
hyperopic eyes. These results indicate that target refraction 
can be a predictive factor of postoperative halo size. 
Therefore, when myopia is the target, it is advisable to 
inform patients about possible postoperative halos in the 
preoperative consultation.

Regarding the relationship between postoperative pupil 
size and postoperative refraction, the results showed that 
postoperative pupil size did not exhibit a significant corre-
lation with postoperative refraction. Therefore, it can be 
considered that postoperative refraction and postoperative 

pupil size were significantly and independently correlated 
with halo size.

This study also demonstrated that age could be one of 
the predictive factors for halo size. First, there was 
a significantly strong negative correlation between age 
and postoperative pupil size. Other studies have also 
reported a similar negative correlation between age and 
pupil size.29,30 Second, age showed a significant negative 
correlation with halo size. These findings show that age 
and pupil size are probably negatively correlated. 
Therefore, we can assume that age may be a predictive 
factor for halo size.

Concerning the level of discomfort due to the post-
operative halo, there was no significant difference between 
the two IOLs. With each IOL, the larger the halo size, the 
more discomfort the patients experienced. These are also 
important results to increase postoperative patient 
satisfaction.

The main strength of this study is that it may pioneer 
research into the predictive preoperative variables of post-
operative halo size. This study has some limitations. 
Although the characteristics of the halo in the different 
types of IOLs are also attributable to the lens design, such 
as apodization or non-apodization, and sphericity or 
asphericity,15,23 those factors were beyond the scope of 
this study. Additionally, there is a drawback in the com-
puter-based halo simulator, namely that it is likely for 
patients to indicate the halo size and intensity derived 
from the memory when they were driving; therefore, 
there is a possibility for the patients to over- or under-
estimate the magnitude of the halos. Another limitation of 
this study is that the influence of the shape of the eye was 
not analyzed. Therefore, in future studies, the relationship 
between the shape of the eye and halo size should be 
investigated to verify if the postoperative refraction is an 
independent factor in producing halos. Moreover, as we 
age, retinal sensitivity and media changes (vitreous and 
cornea) may also affect halos, and these were not investi-
gated in this study. Furthermore, the power of our tests 
was very good for a medium size effect (d=0.5); however, 
it was low for a small size effect (d=0.2). Therefore, the 
findings of these tests may be considered strongly indica-
tive rather than conclusive. Glare is also a common photic 
phenomenon with multifocal IOLs. However, in this study 
we focused on halos since glare cannot be clearly differ-
entiated from halos, and previous studies have more com-
monly investigated halos rather than glare.31–33
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Conclusions
This study showed that the change in halo size and inten-
sity of the trifocal (PanOptix) and EDOF (Symfony) IOLs 
over time should be taken into consideration during treat-
ment planning. Age, target refraction, and preoperative 
pupil size may be predictive factors for halo size, although 
further investigation is required into the mechanism under-
lying these associations. An in-depth understanding of 
these correlations may be useful for managing patient 
expectations of postoperative quality of vision and possi-
bly improve postoperative patient satisfaction.

The management of target refraction may be especially 
crucial for minimizing halo size, since this is the only 
adjustable preoperative factor.
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