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Abstract: The objective of this prospective, randomized, double masked, study was to compare the 10 

contrast sensitivity and quality of vision of patients bilaterally implanted with six different pres-11 

byopia correcting intraocular lenses (IOLs): SV25T0 (n=19), ATLISA 809M (n=18), ATLISA TRI 12 

839MP (n=19), ZKB00 (n=20), ZLB00 (n=20) and Symfony ZXR00 (n=20). For comparison purposes, 13 

36 patients were implanted with a monofocal lens (ZA9003). Contrast sensitivity was assessed 14 

binocularly at distance under photopic, mesopic and mesopic plus glare conditions, and at near 15 

under photopic conditions. Quality of vision was explored in terms of photic phenomena and 16 

spectacle independence. Overall, the monofocal lens offered better contrast sensitivity, under all 17 

illumination conditions, and less occurrence and intensity of photic phenomena. Amongst the 18 

multifocal IOL (MIOL) designs, the extended depth of focus Symfony ZXR00 provided better con-19 

trast sensitivity than the other MIOLs, particularly at intermediate and high spatial frequencies. Up 20 

to 40% and 50% of patients implanted with MIOLs reported glare and halos, respectively. The 21 

SV25T0 resulted in less occurrence and intensity of halos. The evaluation of photic phenomena and 22 

contrast sensitivity under different illumination conditions may reflect real-life, visually challeng-23 

ing situations, and thus provide insightful information to assist ophthalmic surgeons when se-24 

lecting the best intraocular lens for their patients. 25 

Keywords: Cataract surgery; contrast sensitivity; extended depth of focus; multifocal intraocular 26 

lens; quality of vision 27 

 28 

1. Introduction 29 

Data from 2015 revealed that 78 percent of US households had a desktop or laptop 30 

computer and 75 percent owned at least a handheld device [1]. Given the ubiquity of 31 

technology and displays, recent decades have witnessed a progressive shift in the visual 32 

needs and demands of the elderly population, with a change in the preference of specta-33 

cle independence from near to intermediate distances. Reading text presented on an 34 

electronic display is a challenging visual situation in which factors such as size and res-35 

olution of visual stimuli, type of task [2] and contrast determine the experience of users. 36 

Contrast sensitivity (CS) measurements offer a more complete approach to visual func-37 

tion assessment than that provided solely by high contrast visual acuity (VA). Contrast 38 

sensitivity assessment has good sensitivity and specificity for the detection of subtle 39 

visual function loss resulting from multifocal intraocular lens (MIOL) implantation 40 

[3-10]. 41 

Overall, MIOLs have been reported to compromise CS, when compared with mon-42 

ofocal designs [3,4,6]. Besides, performance of MIOLs depends on lens profile (aspheric 43 

versus spherical), optics (refractive, diffractive or hybrid), add power, and actual light 44 

distribution to distance, near and intermediate foci. Amongst MIOLs, diffractive designs 45 
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have proved superior to refractive MIOLs in terms of CS, and aspheric profiles offer a 46 

better performance in challenging situations such as driving at night [8-10]. Extended 47 

depth of focus (EDOF) designs were introduced to prevent the CS loss encountered with 48 

bifocal and trifocal MIOLs [11-14]. In addition, patients implanted with EDOF tend to 49 

report less incidence, size and intensity of halos than those with other multifocal designs 50 

[12-15]. It must be noted that published literature commonly explores CS under photopic 51 

and mesopic conditions, which may not necessarily reflect the daily challenges faced by 52 

patients. Accordingly, the published recommendations of the American Academy of 53 

Ophthalmology Task Force for EDOF MIOLs stress the need to assess CS with and 54 

without glare [15].  55 

It was the aim of the present study to explore and compare photopic, mesopic and 56 

mesopic with glare distance CS, and near CS, as well as quality of vision, of six different 57 

presbyopia lenses, including a trifocal and an EDOF design, and a reference monofocal 58 

lens, 6 months after lens implantation. A prospective, randomized, double-masked study 59 

was designed for this purpose.  60 

 61 

2. Materials and Methods 62 

2.1. Study sample 63 

Participants were recruited from the Ophthalmology Department of Santa Creu and 64 

Sant Pau Hospital, Barcelona, Spain, between February 2019 and March 2020. Inclusion 65 

criteria were age over 60 years, bilateral cataract and successful intraocular lens (IOL) 66 

implantation, potential VA of 0.1 logMAR or better and preoperative corneal astigmatism 67 

equal to 1.25 D or less. Patients with a history of glaucoma, ocular fundus abnormalities, 68 

severe dry eye, corneal pathologies and traumatism, irregular astigmatism, corneal or 69 

intraocular surgery were excluded. Patients presenting surgical complications (zonular 70 

luxation or subluxation, posterior capsular rupture), pupillary trauma, vitreous loss and 71 

those cases in which the lens could not be placed in the capsular bag were also excluded 72 

from the study. Patients reporting high visual demands, such as frequent nighttime 73 

driving, or not willing to accept a certain level of post-operative photic phenomena were 74 

excluded from the MIOLs groups. In contrast, patients giving preference to excellent vi-75 

sion at distance over the need for spectacle use at near and intermediate distances were 76 

included in the monofocal group. Patients manifesting difficulties with examinations, 77 

and those not attending the follow-up visits were excluded from the study.   78 

All participants provided written informed consent following a full description of 79 

the study. The study followed the Declaration of Helsinki tenets of 1975 (as revised in 80 

Tokyo in 2004) and received the approval of the Santa Creu and Sant Pau Hospital Ethical 81 

Review Board (n. 2211591). 82 

2.2. Intraocular lenses 83 

Six different IOL designs were implanted in this study, and a monofocal lens (Table 84 

1). IOL implantation order was determined with a 1:1:1:1:1:1 block randomization 85 

scheme, IBM Statistical Package for the Social Sciences (SPSS) software v.27.0 (IBM Corp. 86 

NY, US) for Windows. Given a similar sample size for each IOL group, this randomiza-87 

tion ratio results in an equal allocation of MIOL interventions. Patients were unaware of 88 

the type of MIOL they were implanted, although they knew whether their IOLs were 89 

monofocal or multifocal. All IOLs (monofocal and multifocal) were provided free of 90 

charge to the patients.  91 

2.3. Surgical Technique 92 

Surgeries were performed by the same experienced surgeon (M.A.G.). All surgeries, 93 

aimed at bilateral emmetropia and consisted of a 2.75 mm clear corneal incision in the 94 

steepest corneal meridian, and a secondary paired incision at 180˚ if corneal astigmatism 95 
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was ≥ 1.00 D. For corneal astigmatisms under 1.00 D, incisions aimed at not introducing 96 

cylinder residual errors. Following phacoemulsification, the recommended injectors 97 

were employed to place IOLs in the capsular bag. All patients were intervened of both 98 

eyes, with a time interval of one week between interventions.  99 

 100 

Table 1. Intraocular lenses used in the study (base power of 20.00 D). Near (n) and intermediate (i) 101 

add powers correspond to the plane of lens. Spherical aberration (SA) is for a 6.0 mm pupil. 102 

LENS MANUFACTURER 
ADD POWER 

(D) 

SA 

(µm) 
OPTICAL DESIGN 

AcrySof ReSTOR SV25T0 
Alcon Laboratories, Fort 

Worth, TX, USA 
+2.5 (n) -0.20 

Bifocal, anterior aspheric apodized 

diffractive (3.4 mm) and refractive 

surface 

Tecnis ZKB00 Johnson and Johnson 

Surgical Vision, Santa Ana, 

CA 

+2.75 (n) 

-0.27 
Bifocal, anterior aspheric & posterior 

diffractive surface Tecnis ZLB00 +3.25 (n) 

ATLISA 809M 
Carl Zeiss Meditec AG, 

Jena, Germany 

+3.75 (n) 

-0.18 

Bifocal, aspheric diffractive 

ATLISATri 839MP 
+3.33 (n) 

+1.66 (i) 

Trifocal, anterior surface with an 

aspheric diffractive profile 

Tecnis Symfony ZXR00 

Johnson and Johnson 

Surgical Vision, Santa Ana, 

CA 

≈ +1.75 (i) -0.27 

Extended depth of focus, 

wavefront-designed anterior surface, 

posterior achromatic diffractive surface 

with echelette design 

Tecnis ZA9003 

Johnson and Johnson 

Surgical Vision, Santa Ana, 

CA 

- -0.27 Monofocal, anterior aspheric 

 103 

2.4. Contrast sensitivity  104 

The CSV-1000 contrast sensitivity test (Vector Vision, Inc, Greenville, Ohio, USA) 105 

was employed to assess distance CS binocularly at 2.5 m, under photopic (85 cd/m2) 106 

(DCSP), mesopic (5 cd/m2) (DCSM) and mesopic with glare (DCSMG) conditions. This 107 

test consists of a backlit translucent chart presenting four sine-wave grating stimuli cor-108 

responding to spatial frequencies of 3, 6, 12 and 18 cycles per degree (cpd) and eight lev-109 

els of contrast. Measures, in which a four-alternative forced choice paradigm was im-110 

plemented, were conducted after allowing patients 5 minutes to adapt to each illumina-111 

tion level. In turn, the Vistech VCTS 6000 system (Vistech Consultants, Inc, Dayton, Ohio, 112 

USA) was used to assess binocular near photopic contrast sensitivity (NCSP) at 40 cm. 113 

This test presents five sine-wave grating stimuli sustaining 1.5, 3, 6, 12 and 18 cpd and 114 

eight levels of contrast. Ambient illumination was fixed at approximately 120 cd/m2, as 115 

the Vistech VCTS 6000 is not a backlit test. Patients were permitted small adjustments of 116 

their viewing distance, if necessary, to allow for differences in MIOL add power. Near 117 

measurements consisted in a two-alternative forced choice paradigm. 118 

Patients used their best distance correction for CS evaluation. For near CS assess-119 

ment, an addition lens of +2.50 D was used in patients implanted with the monofocal 120 

lens, which resulted in partial loss of masking for this IOL group. All measures were 121 

performed by the same experienced, masked optometrist, 6 months following the second 122 

intervention.   123 

2.5. Quality of vision 124 

Subjective quality of vision was evaluated by means of a short questionnaire (Sup-125 

plementary File S1: Quality of vision questionnaire). The aspects under evaluation were 126 

spectacle independence for distance, intermediate and near tasks and presence of unde-127 
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sirable photic phenomena such as halos and glare. To ensure a correct and complete in-128 

terpretation of the questions, patients were shown reference images of halos and glare 129 

phenomena. 130 

2.6. Data Analysis 131 

The IBM SPSS v.27.0 was used for data analysis. The Kolmogorov-Smirnov test dis-132 

closed non-normal distributions of some of the quantitative variables. Therefore, median 133 

and range values are reported and, to facilitate comparison, mean and standard deviation 134 

(SD) values are also presented. The Kruskal-Wallis test was used for multiple compari-135 

sons and, when appropriate, pair-wise comparisons were conducted with the 136 

Mann-Whitney test. A p-value of 0.05 or less was defined as the cut-off for statistical 137 

significance. The DCSP and NCSP values were normalized by dividing the absolute log 138 

CS value by the population average reported by Boxer Wachler and Krueger [16] for 3 139 

(2.02), 6 (2.09), 12 (1.85) and 18 (1.45) cpd and photopic conditions. 140 

The estimation of the required sample size was based on previous research on con-141 

trast sensitivity with MIOLs in which a threshold for clinical significance was set at a 142 

difference larger than 0.15 log units within the same spatial frequency [17]. Considering 143 

an α-error of 0.05, a β-error of 0.20 and 7 IOL groups, an initial sample size of 14 partici-144 

pants per group was required to detect 0.15 log unit changes in contrast sensitivity (given 145 

a SD of ±0.1 log units). 146 

 147 

3. Results 148 

3.1. Sample demographics 149 

A total of 152 patients (48 males, age 60 to 86 years) participated in the study. Pa-150 

tients received bilateral and symmetrical implantations of the following IOLs: ATLISA 151 

809M (18 patients), AcrySof ReSTOR SV25T0 (19 patients), Tecnis ZKB00 (20 patients), 152 

ATLISA TRI 839MP (19 patients), Tecnis ZLB00 (20 patients), Tecnis Symfony ZXR00 (20 153 

patients) and the monofocal Tecnis ZA9003 (36 patients). Table 2 summarizes demo-154 

graphic data. No statistically significant inter-group differences were found for these 155 

variables. All interventions were uneventful and no post-surgical complications were 156 

reported. Thus, no patients had to be excluded from the study once the initial allocation 157 

was concluded.   158 

3.2. Contrast sensitivity  159 

Photopic, mesopic, mesopic with glare and near photopic CS values for each lens 160 

group are summarized in Table 3 (median logarithmic values and range) and shown in 161 

Figure 1 (mean logarithmic values). A Kruskal-Wallis analysis revealed statistically sig-162 

nificant between-group differences for all spatial frequencies under evaluation and illu-163 

mination conditions (all p≤0.001). Overall, the monofocal ZA9003 offered the best per-164 

formance at all conditions and spatial frequencies, with statistically significant differ-165 

ences between this lens and all MIOLs, with the exception of the Symfony. Indeed, dif-166 

ferences between the ZA9003 and the Symfony reached statistical significance only at 167 

certain frequencies (6 cpd DCSP, p=0.003; 12 cpd DCSP, p=0.022; 3 cpd DCSM, p=0.028; 3 168 

cpd DCSMG, p=0.047; 6 cpd DCSMG, p=0.013; 1.5 cpd NCSP, p=0.021; 12 cpd NCSP, 169 

p=0.008). 170 

Regarding DCSP, statistically significant pair-wise differences were only found 171 

between the Symfony and the other MIOLs, with the Symfony offering better perfor-172 

mance at all spatial frequencies, particularly at 12 and 18 cpd. Statistically significant 173 

differences were found between the Symfony and the SV25T0 (3 cpd: p=0.002, 6 cpd: 174 

p=0.039; 12 cpd: p<0.001, 18 cpd: p=0.005); the ZKB00 (12 cpd: p=0.011); the ZLB00 (6 cpd: 175 

p=0.011, 12 cpd: p=0.003, 18 cpd: p=0.008); the ATLISA 809M (6 cpd: p=0.019; 12 cpd: 176 
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p<0.001, 18 cpd: p=0.002); and the ATLISA TRI 839MP (6 cpd: p=0.009; 12 cpd: p=0.005, 18 177 

cpd: p=0.002). 178 

Similar results were obtained in mesopic conditions, under which the Symfony also 179 

proved a superior lens than most of the other MIOLs at intermediate and high spatial 180 

frequencies, with differences in the performance of the other MIOLs when compared 181 

pair-wise. Statistical differences were found between the Symfony and the SV25T0 (12 182 

cpd: p=0.004, 18 cpd: p<0.001); the ZKB00 (12 cpd: p=0.011, 18 cpd: p=0.014); the ZLB00 (6 183 

cpd: p=0.019, 12 cpd: p=0.001, 18 cpd: p=0.017); the ATLISA 809M (12 cpd: p=0.004, 18 184 

cpd: p=0.003); and the ATLISA TRI 839MP (6 cpd: p=0.030; 12 cpd: p<0.001, 18 cpd: 185 

p=0.002). 186 

 187 

Table 2. Demographic data for each lens type. Results are displayed as mean ± standard deviation 188 

(SD) or frequency (gender), with the outcome of the ANOVA or the Kruskal-Wallis tests (p-value). 189 

Pupil diameter was measured under photopic conditions. Lens power and pupil diameter corre-190 

spond to the right eye. 191 

  
SVT250 

bifocal 

ZKB00 

bifocal 

ZLB00 

bifocal 

ATLISA 

809M 

bifocal 

ATLISA Tri 

839MP 

trifocal 

Symfony 

ZXR00 

Extended 

depth of  

focus 

ZA9003 

monofocal 
p 

n (eyes)  19 20 20 18 19 20 36  

Age (years)  74.3±7.5 68.9±12.9 73.3±4.6 71.6±7.1 68.7±10.3 68.2±6.2 72.1±5.8 0.064 

Gender 

(male/female) 
 8/11 5/15 7/13 4/14 4/15 5/15 15/21 0.428 

IOL power (D)  21.3±2.4 21.6±3.4 22.3±1.7 22.3±2.4 21.9±4.3 21.8±5.7 21.0±3.6 0.832 

Pupil diameter 

(mm) 
 3.2±0.6 3.4±0.7 3.2±0.7 3.0±0.6 3.3±0.8 3.3±0.8 3.1±0.7 0.768 

 192 

 193 

The Symfony also offered a better performance under mesopic with glare condi-194 

tions, with statistically significant differences between this lens and the SV25T0 (6 cpd: 195 

p=0.008; 12 cpd: p<0.001, 18 cpd: p=0.004); the ZKB00 (6 cpd: p=0.012, 18 cpd: p=0.012); the 196 

ZLB00 (6 cpd: p=0.015, 12 cpd: p=0.002, 18 cpd: p=0.028); the ATLISA 809M (6 cpd: 197 

p=0.002; 12 cpd: p=0.010, 18 cpd: p=0.006); and the ATLISA TRI 839MP (6 cpd: p=0.007; 12 198 

cpd: p=0.001, 18 cpd: p=0.003). 199 

Finally, for NCSP, the worst performance was obtained with the SV25T0, followed 200 

by the ZKB00. Thus, statistically significant differences were found between the SV25T0 201 

and the ZKB00 at 12 cpd (p=0.005), the ZLB00 at 12 cpd (p=0.005) and 18 cpd (p=0.001), 202 

the ATLISA 809M at 6 cpd (p=0.032), 12 cpd (p<0.001) and 18 cpd (p<0.001), the ATLISA 203 

TRI 839MP at 6 cpd (p=0.047), 12 cpd (p=0.007) and 18 cpd (p=0.005) and the Symfony 204 

(p<0.001 at all spatial frequencies except p=0.029 at 3 cpd). In turn, the ZKB00 offered a 205 

statistically significant worse performance than the ATLISA 809M at 18 cpd (p=0.020) and 206 

the Symfony at 6 cpd (p=0.001) and 18 cpd (0.006). In addition, the Symfony proved a 207 

superior lens than most of the other MIOLs at NCSP, with statistically significant differ-208 

ences between this lens and the ZLB00 (6 cpd: p=0.015, 12 cpd: p=0.002, 18 cpd: p=0.028); 209 

the ATLISA 809M (1.5 cpd: p=0.001; 3 cpd: p=0.013, 6 cpd: p=0.049) and the ATLISA TRI 210 

839MP (1.5 cpd: p=0.004; 6 cpd: p=0.008, 18 cpd: p=0.041). For visualization purposes, 211 

Figure 2 shows a comparison of normalized far and near photopic contrast sensitivity 212 

values for each lens type. 213 

 214 

 215 

 216 

 217 
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 223 

Table 3. Contrast sensitivity at distance (2.5 m) under photopic (DCSP), mesopic (DCSM) and 224 

mesopic with glare (DCSMG), as well as near (33-40 cm) photopic contrast sensitivity (NCSP). 225 

Median, maximum and minimum logarithmic values are presented for each lens group and spatial 226 

frequency (in cycles per degree, cpd). Also shown are the outcomes of the Kruskal-Wallis test of 227 

statistical significance (p-value). 228 

 
Spatial 

frequency 

SVT250 

bifocal 

ZKB00 

bifocal 

ZLB00 

bifocal 

ATLISA 

809M 

bifocal 

ATLISA Tri 

839MP 

trifocal 

Symfony 

ZXR00 

EDOF 

ZA9003 

monofocal 
p 

DCSP 

3 cpd 
1.63 

1.34-1.93 

1.78 

1.17-1.93 

1.75 

1.34-1.93 

1.78 

1.17-1.93 

1.78 

1.17-1.93 

1.78 

1.49-2.08 

1.93 

1.49-2.08 
<0.001 

6 cpd 
1.70 

1.38-2.29 

1.77 

1.38-2.29 

1.70 

1.55-1.99 

1.70 

1.21-2.14 

1.70 

1.38-2.14 

1.84 

1.55-2.29 

2.07 

1.70-2.29 
<0.001 

12 cpd 
1.40 

0.91-1.69 

1.40 

0.91-1.99 

1.40 

1.08-1.69 

1.25 

0.31-1.84 

1.08 

0.91-1.84 

1.69 

1.40-1.99 

1.69 

0.91-1.99 
<0.001 

18 cpd 
0.81 

0.47-1.25 

0.96 

0.47-1.55 

0.81 

0.47-1.25 

0.81 

0.13-1.10 

0.64 

0.13-1.25 

1.10 

0.81-1.55 

1.25 

0.47-1.55 
<0.001 

DCSM 

3 cpd 
1.49 

1.34-1.93 

1.71 

1.17-2.09 

1.63 

1.34-2.08 

1.63 

1.17-1.93 

1.63 

1.34-1.93 

1.63 

1.34-1.93 

1.78 

1.63-2.08 
0.001 

6 cpd 
1.70 

1.55-2.29 

1.84 

1.38-2.14 

1.70 

0.61-2.14 

1.84 

1.38-2.14 

1.70 

1.21-1.99 

1.84 

1.55-2.29 

1.99 

1.55-2.29 
<0.001 

12 cpd 
1.40 

0.91-1.69 

1.40 

0.31-1.69 

1.25 

0.31-1.69 

1.25 

0.91-1.84 

1.25 

0.31-1.69 

1.69 

1.25-1.99 

1.69 

0.91-1.99 
<0.001 

18 cpd 
0.81 

0.47-1.10 

0.89 

0.47-1.25 

0.96 

0.64-1.25 

0.81 

0.47-1.40 

0.81 

0.13-1.25 

1.10 

0.64-1.55 

1.25 

0.47-1.55 
<0.001 

DCSMG 

3 cpd 
1.56 

1.34-1.93 

1.63 

1.34-1.93 

1.63 

1.17-2.08 

1.63 

1.17-1.93 

1.49 

1.00-1.93 

1.78 

1.34-1.93 

1.78 

1.63-2.08 
<0.001 

6 cpd 
1.70 

1.55-2.14 

1.70 

1.21-2.14 

1.84 

0.61-2.29 

1.70 

1.38-1.99 

1.70 

1.21-2.14 

1.99 

1.55-2.14 

1.99 

1.70-2.29 
<0.001 

12 cpd 
1.40 

0.31-1.69 

1.40 

0.31-1.99 

1.25 

0.31-1.69 

1.40 

0.31-1.84 

1.25 

0.91-1.69 

1.54 

1.25-1.99 

1.69 

1.08-1.99 
<0.001 

18 cpd 
0.81 

0.47-1.25 

0.89 

0.47-1.55 

0.96 

0.64-1.40 

0.81 

0.64-1.55 

0.64 

0.13-1.25 

1.10 

0.64-1.55 

1.25 

0.81-1.55 
<0.001 

NCSP 

1.5 cpd 
1.54 

1.30-1.54 

1.54 

1.30-1.85 

1.54 

1.30-1.85 

1.54 

1.30-1.85 

1.54 

1.30-1.85 

1.85 

1.30-2.23 

1.54 

1.30-2.08 
<0.001 

3 cpd 
1.64 

1.38-1.93 

1.93 

1.38-1.93 

1.64 

1.38-2.23 

1.64 

1.38-2.23 

1.64 

1.38-2.23 

1.93 

1.64-2.34 

1.93 

1.38-2.23 
0.001 

6 cpd 
1.49 

1.32-2.10 

1.65 

1.04-1.85 

1.65 

1.04-1.85 

1.65 

1.32-2.27 

1.65 

1.32-2.10 

1.85 

1.32-2.27 

1.85 

1.32-2.27 
<0.001 

12 cpd 
1.18 

0.90-1.51 

1.51 

0.70-1.94 

1.18 

0.70-1.74 

1.51 

0.90-1.94 

1.51 

0.90-1.94 

1.51 

0.90-1.94 

1.74 

0.90-2.10 
<0.001 

18 cpd 
0.85 

0.60-1.18 

0.85 

0.60-1.60 

1.00 

0.60-1.41 

1.00 

0.60-1.41 

1.00 

0.60-1.41 

1.18 

0.60-1.60 

1.18 

0.30-1.81 
<0.001 
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 229 

Figure 1. Postoperative binocular corrected distance mean log contrast sensitivity (CS) in photopic, 230 

mesopic, mesopic with glare and near photopic conditions. 231 

 232 

Figure 2. Postoperative binocular corrected photopic distance and near normalized contrast 233 

sensitivity (CS) values. The approach reported by Boxer Wachler and Krueger16 was employed for 234 

data normalization. 235 
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3.3. Quality of vision  236 

A summary of the results of quality of vision in terms of spectacle independence at 237 

far, intermediate and near, halos and glare is shown in Table 4. All parameters under 238 

evaluation presented statistically significant differences amongst the groups of lenses. 239 

Regarding spectacle independence at far, all lenses had a good performance, with the 240 

only pair-wise difference arising between the monofocal lens and the SV25T0 (p=0.019), 241 

the ZKB00 (p=0.019), the ATLISA 809M (p=0.026) and ATLISA TRI 839MP (p=0.022). At 242 

intermediate distances, all MIOLs performed similarly well, and the only statistically 243 

significant differences were found between the monofocal lens and the ATLISA 809M 244 

(p=0.026) and the ATLISA TRI 839MP (p=0.022). Finally, at near the monofocal lens had 245 

the worst performance when compared with all MIOLs (all p<0.001). Amongst the MI-246 

OLs, the worst performance corresponded to the SV25T0, with pair-wise differences with 247 

the ZKB00 (p=0.036), the ATLISA 809M (p=0.005) and the ATLISA TRI 839MP (p=0.004), 248 

followed by the ZKB00, with differences between this lens and the ATLISA 809M 249 

(p=0.035) and the ATLISA TRI 839MP (p=0.026). 250 

In terms of photic phenomena, the best performance was obtained with the mon-251 

ofocal lens (p<0.05 when compared with all the MIOLs). Amongst the multifocal groups, 252 

the best performance was provided by the SV25T0, with statistically significant differ-253 

ences in the occurrence and intensity of halos between this lens and all the other lenses 254 

(ZKB00, p=0.013; ZLB00, p=0.020; ATLISA 809M, p=0.003; ATLISA TRI 839MP, p=0.026; 255 

Symfony, p=0.009). No statistically significant differences were found between pairs of 256 

MIOLs in the presence or intensity of glare.  257 

Table 4. Quality of vision for each lens type and results of the Kruskal-Wallis test of statistical sig-258 

nificance (p-value). All results are percentage of responses. 259 

 
Spatial 

frequency 

SVT250 

bifocal 

ZKB00 

bifocal 

ZLB00 

bifocal 

ATLISA 

809M 

bifocal 

ATLISA Tri 

839MP 

trifocal 

Symfony 

ZXR00 

EDOF 

ZA9003 

monofocal 
p 

Spectacle use at 

far 

Always 0 0 0 0 0 5.6 11.1 

0.002 Sometimes 0 0 5.0 0 0 5.6 13.9 

Never 100.0 100.0 95.0 100.0 100.0 88.9 75.0 

Spectacle use at 

intermediate 

Always 0 0 0 0 0 5.6 11.1 

0.033 Sometimes 10.5 5.3 10.0 0 0 0 13.9 

Never 89.5 94.7 90.0 100.0 100.0 94.4 75.0 

Spectacle use at 

near 

Always 15.8 5.3 5.0 0 0 16.7 75 

<0.001 Sometimes 52.6 52.6 30.0 23.5 22.2 22.2 25.0 

Never 31.6 42.1 65.0 76.5 77.8 61.1 0 

Halos occurrence 

and intensity 

None 84.2 42.1 50.0 35.3 50.0 38.9 94.4 

<0.001 
1 5.3 26.3 15.0 11.8 5.6 16.7 5.6 

2 5.3 21.1 0 17.6 27.8 44.4 0 

3 5.3 10.5 35.0 35.3 16.7 0 0 

Glare occurrence 

and intensity 

None 0 0 0 0 5.6 0 0 

0.016 
1 47.4 52.6 47.4 35.3 16.7 38.9 77.8 

2 15.8 5.3 31.6 17.6 27.8 22.2 16.7 

3 21.1 21.1 5.3 29.4 11.1 5.6 0 

4. Discussion 260 

Patient satisfaction after MIOL implantation is generally good, although quality of 261 

vision is often compromised in terms of CS and photic phenomena. In particular, CS may 262 

provide better information than other visual function parameters such as high-contrast 263 

VA, as a reduction in CS has a negative impact on certain daily tasks, including facial 264 

recognition, reading under less than optimal conditions or orientation and mobility in 265 

mesopic or scotopic illumination. Paradoxically, however, there is a current lack of con-266 

sensus regarding instrumentation and methodology to assess CS in patients implanted 267 
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with MIOLs, as well as on the range of values defining normality [18]. Besides, most 268 

studies evaluate only photopic CS [19,20], with scant literature on mesopic [13] and 269 

mesopic with glare conditions [21]. Similarly, near CS is seldom explored, and most de-270 

vices require a specific observation distance, mainly 40 cm, which results in difficulties 271 

when comparing MIOLs of different add power. This obstacle was partly resolved in the 272 

present study by allowing patients minor adjustments in their observation distance. 273 

However, this may lead to a slight overestimation of near CS in MIOLs with high add 274 

power such as ZLB00 and ATLISA 809M.  275 

In agreement with published literature, all MIOLs under evaluation resulted in a 276 

reduction in CS, when compared with the monofocal group [6,22,23]. This finding has 277 

been explained by the distribution of energy to two or more foci required for simulta-278 

neous vision [18,24]. Amongst the MIOL groups, the best performance in photopic and 279 

mesopic conditions corresponded to the EDOF lens Tecnis Symfony, with results similar 280 

to the monofocal lens group for intermediate and high spatial frequencies, in agreement 281 

with previous research by Pedrotti and co-workers in photopic conditions [20] and 282 

Escandon-García et al in mesopic conditions [21]. As previously documented, no signif-283 

icant differences were found amongst the other bifocal and trifocal MIOLs in DCSP [6,20] 284 

and DCSM [21,25,26]. It must be noted that all explored MIOLs had an aspheric profile, 285 

which has been reported to benefic CS in low illumination conditions [27,28]. Regarding 286 

mesopic with glare conditions, results were similar to those obtained without glare, with 287 

a reduction in CS in all MIOL groups when compared with the monofocal group. How-288 

ever, amongst the MIOLs, the EDOF provided the best results in these conditions, almost 289 

comparable with the monofocal lens at intermediate and high spatial frequencies. These 290 

findings are partly in disagreement with those reported by previous authors comparing 291 

one EDOF design with two trifocal lens designs, in which no differences were encoun-292 

tered between lens groups [21]. Finally, in agreement with published literature, the out-293 

comes for near photopic CS were worse than those obtained in DCSP [4,5], particularly 294 

for high spatial frequencies [29]. Amongst the MIOL groups, the best performance cor-295 

responded the EDOF Symfony, whereas the SV25T0 and the ZKB00, both low addition 296 

lenses, offered the worst results.  297 

It must be noted that all CS measurements were binocular and with patients wearing 298 

their best distance correction, to reflect real life conditions. It has been reported that bin-299 

ocular summation may account for a 42% increase in CS [30]. Thus, the present findings 300 

may overestimate CS performance, when compared with previous research reporting 301 

monocular results. This may partly explain the general lack of differences encountered 302 

amongst MIOL groups in terms of CS [31].  303 

Upon exploring spectacle independence at near, as expected, the worst performance 304 

corresponded to the monofocal lens [20,32]. Amongst the multifocal designs, the best 305 

results were obtained with the ZLB00, ATLISA 809M and ATLISA TRI 839MP. These 306 

findings are in disagreement with those reported by Pedrotti and co-workers [20]. In ef-307 

fect, these authors found better results in patients implanted with EDOF and low add 308 

power MIOLs (+2.50 D), as compared with a high add power design (+3.00 D). 309 

The evaluation of quality of vision in terms of photic phenomena is very relevant in 310 

patients implanted with multifocal lenses. It has been documented that more than 38% of 311 

patients reporting unsatisfactory vision mention photic phenomena as the main cause of 312 

their difficulties [18]. Previous research is unambiguous in describing a superior inci-313 

dence of photic phenomena in patients implanted with multifocal designs, when com-314 

pared with monofocal lenses, with up to 20% patients reporting one or more visual dis-315 

turbances [23,32]. The present findings give support to the lower incidence of halos and 316 

glare in patients implanted with the monofocal lens design. Amongst the multifocal de-317 

signs, no differences were found in glare occurrence and intensity, with values ranging 318 

from 30 to 40% of patients, in agreement with previous research documenting 40% of 319 

glare in patients implanted with the ATLISA TRI 839MP [33]. The SV25T0 (aspheric, dif-320 

fractive with refractive periphery, low add power), proved superior to the other MIOLs 321 



J. Clin. Med. 2022, 11, x FOR PEER REVIEW 10 of 11 
 

 

in the occurrence and intensity of halos. Overall, approximately 50% of patients im-322 

planted with multifocal designs reported halos of various intensities, in contrast with 323 

published research by Mendicute and co-workers, describing halos in 80% of patients 324 

implanted with the ATLISA TRI 839MP [33]. 325 

In conclusion, there are many options available to the ophthalmic surgeons when 326 

selecting the best option for their cataract patients. A careful exploration of the visual 327 

requirements and lifestyle of patients is critical to guide lens selection. Monofocal, bifo-328 

cal, trifocal and EDOF lenses present different advantages, and may offer different qual-329 

ity of vision in challenging conditions. A complete understanding of the best combina-330 

tion of add power, optics and lens design for each particular patient is one the keys 331 

leading to patient satisfaction and quality of life.  332 

Author Contributions: Conceptualization, M.A.G. and C.V.; methodology, M.A.G and C.V.; for-333 

mal analysis, G.C.; investigation, M.A.G and C.V.; resources, J.A.B.; data curation, G.C.; writ-334 

ing—original draft preparation, M.A.G. and G.C.; writing—review and editing, all; supervision, 335 

J.A.B.; project administration, M.A.G and J.A.B.; funding acquisition, J.A.B. All authors have read 336 

and agreed to the published version of the manuscript. 337 

Funding: This research was funded by the Agencia Estatal de Investigación, Ministerio de Ciencia e 338 

Innovación of the Spanish government (PID2020-114582RB-I00/AEI/10.13039/501100011033). None 339 

of the authors had any commercial interest with any of the products included in the study. None of 340 

the authors received any funding from companies related to the products included in the study. 341 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-342 

tion of Helsinki, and approved by an Institutional Ethical Review Board (Santa Creu and Sant Pau 343 

Hospital, n. 2211591). 344 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 345 

study. 346 

Data Availability Statement: The datasets generated and analyzed during the study are available 347 

from the corresponding authors upon reasonable request. 348 

Conflicts of Interest: The authors declare no conflict of interest. 349 

References 350 

1. Ryan, C.; Lewis, J.M. Computer and Internet Use in the United States: 2015. U.S. Census Bureau, 2017. Accessed 24 May 2022. 351 

https://www.census.gov/content/dam/Census/library/publications/2017/acs/acs-37.pdf 352 

2. Shieh, K.K.; Chen, M.T. Effects of screen color combination, work-break schedule, and workplace on VDT viewing distance. Int 353 

J Ind Ergonom 1997,20,11–18.  354 

3. Hayashi, K.; Manabe, S.; Hayashi, H. Visual acuity from far to near and contrast sensitivity in eyes with a diffractive multifocal 355 

intraocular lens with low addition power. J Cataract Refract Surg 2009,35,2070–2076.  356 

4. Montés–Micó, R.; España, E.; Bueno, I.; Charman, W.N.; Menezo, J.L. Visual performance with multifocal intraocular lenses. 357 

Mesopic contrast sensitivity under distance and near conditions. Ophthalmology 2004,111,85–96.  358 

5. Montés–Micó, R.; Alió, J.L. Distance and near contrast sensitivity function after multifocal intraocular lens implantation. J 359 

Cataract Refract Surg 2003,29,703–711.  360 

6. Martínez Palmer, A.; Gómez Faiña, P.; España Albelda, A.; Comas Serrano, M.; Nahra Saad, D.; Castilla Céspedes, M. Visual 361 

function with bilateral implantation of monofocal and multifocal intraocular lenses, a prospective, randomized, controlled tri-362 

al. J Refract Surg 2008,24,257–264.  363 

7. Alfonso, J.F.; Fernández–Vega, L.; Baamonde, M.B.; Montés–Micó, R. Correlation of pupil size with visual acuity and contrast 364 

sensitivity after implantation of an apodized diffractive intraocular lens. J Cataract Refract Surg 2007,33,430–438.  365 

8. Gil, M.A.; Varon, C.; Rosello, N.; Cardona, G.; Buil, J.A. Visual acuity, contrast sensitivity, subjective quality of vision, and 366 

quality of life with 4 different multifocal IOLs. Eur J Ophthalmol 2012,22,175–187.  367 

9. Alfonso, J.F.; Fernández-Vega, L.; Blázquez, J.I.; Montés–Micó, R. Visual function comparison of 2 aspheric multifocal intraoc-368 

ular lenses. J Cataract Refract Surg 2012,38,242–248. 369 

10. Mesci, C.; Erbil, H.; Ozdoker, L.; Karakurt, Y.; Bilge, A.D. Visual acuity and contrast sensitivity function after accommodative 370 

and multifocal intraocular lens implantation. Eur J Ophthalmol 2010,20,90–100.  371 

11. Rocha, K.M. Extended depth of focus IOLs, The next chapter in refractive technology? J Refract Surg 2017,33,146–149.  372 

12. Savini, G.; Schiano–Lomoriello, D.; Balducci, N.; Barboni, P. Visual performance of a new extended depth–of–focus intraocular 373 

lens compared to a distance–dominant diffractive multifocal intraocular lens. J Refract Surg 2018,34,228–235.  374 



J. Clin. Med. 2022, 11, x FOR PEER REVIEW 11 of 11 
 

 

13. Ruiz–Mesa, R.; Abengózar–Vela, A.; Arumburu, A.; Ruiz–Santos, M. Comparison of visual outcomes after bilateral implanta-375 

tion of extended range of vision and trifocal intraocular lenses. Eur J Ophthalmol 2017,27,460–465.  376 

14. Savini, G. ; Balducci, N. ; Carbonara, C. ; Rossi, S.; Altieri, M.; Frugis, N.; et al. Functional assessment of a new extended depth–377 

of–focus intraocular lens. Eye (Lond) 2019,33,404–410.  378 

15. MacRae, S.; Holladay, J.T.; Glasser, A.; Calogero, D.; Hilmantel, G.; Masket, S.; et al. Special Report, American Academy of 379 

Ophthalmology Task Force Consensus Statement for Extended Depth of Focus Intraocular Lenses. Ophthalmology 380 

2017,124,139–141.  381 

16. Boxer Wachler, B.S.; Krueger, R.R. Normalized contrast sensitivity values. J Refract Surg 1998,14,463–466.  382 

17. Ginsburg AP. Contrast sensitivity and functional vision. Int Ophthalmol Clin 2003,43,5–16. 383 

18. de Vries, N.E.; Nuijts, R.M. Multifocal intraocular lenses in cataract surgery, literature review of benefits and side effects. J 384 

Cataract Refract Surg 2013,39,268–278.  385 

19. Garcia–Bella, J.; Ventura–Abreu, N.; Morales–Fernandez, L.; Talavero–González, P.; Carballo–Álvarez, J.; Sanz–Fernández, 386 

J.C.; et al. Visual outcomes after progressive apodized diffractive intraocular lens implantation. Eur J Ophthalmol 2018,28,282–387 

286.  388 

20. Pedrotti, E.; Carones, F.; Aiello, F.; Mastropasqua, R.; Bruni, E.; Bonacci, E.; et al. Comparative analysis of visual outcomes with 389 

4 intraocular lenses, monofocal, multifocal, and extended range of vision. J Cataract Refract Surg 2018,44,156–167. 390 

21. Escandon–Garcia, S.; Ribeiro, F.J.; McAlinden, C.; Queirós, A.; González-Méijome, J.M. Through–focus vision performance and 391 

light disturbances of 3 new intraocular lenses for presbyopia correction. J Ophthalmol 2018,6165493. 392 

22. Cillino, S.; Casuccio, A.; Di Pace, F.; Morreale, R.; Pillitteri, F.; Cillino, G.; et al. One–year outcomes with new–generation mul-393 

tifocal intraocular lenses. Ophthalmology 2008,115,1508–1516.  394 

23. Maurino, V.; Allan, B.D.; Rubin, G.S.; Bunce, C.; Xing, W.; Findl, O.; et al. Quality of vision after bilateral multifocal intraocular 395 

lens implantation, a randomized trial––AT LISA 809M versus AcrySof ReSTOR SN6AD1. Ophthalmology 2015,122,700–710.  396 

24. Kamlesh, S.; Dadeya, S.; Kaushik, S. Contrast sensitivity and depth of focus with aspheric multifocal versus conventional 397 

monofocal intraocular lens. Can J Ophthalmol 2001,36,197–201.  398 

25. Alfonso, J.F.; Puchades, C.; Fernandez–Vega, L.; Montés–Micó, R.; Valcárcel, B.; Ferrer–Blasco, T. Visual acuity comparison of 2 399 

models of bifocal aspheric intraocular lenses. J Cataract Refract Surg 2009,35,672–676.  400 

26. Vilar, C.; Hida, W.T.; de Medeiros, A.L.; Magalhaes, K.R.P.; de Moraes Tzelikis, P.F.; Chaves, M.A.P.D.; et al. Comparison 401 

between bilateral implantation of a trifocal intraocular lens and blended implantation of two bifocal intraocular lenses. Clin 402 

Ophthalmol 2017,11,1393–1397. 403 

27. Denoyer, A.; Le Lez, M.L.; Majzoub, S.; Pisella, P.J. Quality of vision after cataract surgery after Tecnis Z9000 intraocular lens 404 

implantation, effect of contrast sensitivity and wavefront aberration improvements on the quality of daily vision. J Cataract 405 

Refract Surg 2007,33,210–216.  406 

28. Tzelikis, P.F.; Akaishi, L.; Trindade, F.C.; Boteon, J.E. Spherical aberration and contrast sensitivity in eyes implanted with 407 

aspheric and spherical intraocular lenses, a comparative study. Am J Ophthalmol 2008,145,827–833.  408 

29. Sasaki, A. Initial experience with a refractive multifocal intraocular lens in a Japanese population. J Cataract Refract Surg 409 

2000,26,1001–1007.  410 

30. Pomerance, G.N.; Evans, D.W. Test–retest reliability of the CSV–1000 contrast test and its relationship to glaucoma therapy. 411 

Invest Ophthalmol Vis Sci 1994,35,3357–3361. 412 

31. Mester, U.; Hunold, W.; Wesendahl, T.; Kaymak, H. Functional outcomes after implantation of Tecnis ZM900 and Array SA40 413 

multifocal intraocular lenses. J Cataract Refract Surg 2007,33,1033–1040.  414 

32. Monaco, G.; Gari, M.; Di Censo, F.; Poscia, A.; Ruggi, G.; Scialdone, A. Visual performance after bilateral implantation of 2 new 415 

presbyopia–correcting intraocular lenses, Trifocal versus extended range of vision. J Cataract Refract Surg 2017,43,737–747.  416 

33. Mendicute, J.; Kapp, A.; Lévy, P.; Krommes, G.; Arias–Puente, A.; Tomalla, M.; et al. Evaluation of visual outcomes and patient 417 

satisfaction after implantation of a diffractive trifocal intraocular lens. J Cataract Refract Surg 2016,42,203–210. 418 

 419 

 420 


