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ABSTRACT
Purpose: To investigate the possible effect of aspherical or yellow tinted intraocular 
lens (IOL) on contrast sensitivity and blue-on-yellow perimetry. 
Methods: This prospective randomized bilateral double-masked clinical study in-
cluded 52 patients with visually significant bilateral cataracts divided in two groups; 
25 patients (50 eyes) received aspherical intraocular lens in one eye and spherical 
intraocular lens in the fellow eye; and 27 patients (54 eyes) received ultraviolet and 
blue light filter (yellow tinted) IOL implantation in one eye and acrylic ultraviolet 
filter IOL in the fellow eye. The primary outcome measures were contrast sensitivity 
and blue-on-yellow perimetry values (mean deviation [MD] and pattern standard 
deviation [PSD]) investigated two years after surgery. The results were compared 
intra-individually. 
Results: There was a statistically significant between-group (aspherical and spherical 
intraocular lens) difference in contrast sensitivity under photopic conditions at 12 
cycles per degree and under mesopic conditions at all spatial frequencies. There were 
no between-group significant differences (yellow tinted and clear intraocular lens) 
under photopic or mesopic conditions. There was no statistically significant difference 
between all intraocular lens in MD or PSD. 
Conclusion: Contrast sensitivity was better under mesopic conditions with aspherical 
intraocular lens. Blue-on-yellow perimetry did not appear to be affected by aspherical 
or yellow tinted intraocular lens. Further studies with a larger sample should be carried 
out to confirm or not that hypotheses.

Keywords: Lenses, intraocular; Cataract extraction; Phacoemulsification; Glaucoma/
diagnosis; Visual field tests/methods; Visual fields; Lens implantation, intraocular; Con
trast sensitivity

RESUMO
Objetivo: Investigar a possibilidade de efeitos na sensibilidade ao contraste e nos resulta­
dos da campimetria azul-amarelo com implante de uma lente intraocular (LIO) asférica 
ou de pigmentação amarela. 
Métodos: Trata-se de um estudo prospectivo, randomizado, duplo-mascarado, envol­
vendo 52 pacientes portadores de catarata senil bilateral, divididos em dois grupos; 
25 pacientes (50 olhos) receberam uma LIO asférica em um olho e uma esférica no olho 
contralateral; e 27 pacientes (54 olhos) com implante de uma LIO de pigmentação 
amarela e uma LIO convencional no olho contralateral. O principal resultado do 
estudo foi a sensibilidade ao contraste e os dados da perimetria azul-amarelo (“mean 
deviation” [MD] e “pattern standard deviation” [PSD]). Os resultados foram analisados 
interindividualmente. 
Resultados: Houve diferença estatística entre os grupos (lentes asféricas e esféricas) na 
sensibilidade ao contraste em condições fotópicas (12 ciclos por grau) e em condições 
mesópicas (todas frequências). Não houve diferença estatística na sensibilidade ao 
contraste entre as lentes de pigmentação amarela e convencionais. Não houve diferença 
estatística nos valores de MD e PSD entre os grupos. 
Conclusão: A sensibilidade ao contraste foi melhor em condições mesópicas com as lentes 
asféricas. A campimetria azul-amarelo parece não ser influenciada por LIOs asféricas e 
com pigmentação amarela. Mais estudos com uma amostra maior são necessários para 
confirmar ou afastar essa hipótese.

Descritores: Lentes intraoculares; Extração de catarata; Facoemulsificação; Glaucoma/
diagnóstico; Testes de campo visual/métodos; Campos visuais; Implante de lente in­
traocular; Sensibilidade de contraste

INTRODUCTION
Short-wavelength automated perimetry (SWAP) or Blue-on-Yellow 

(B/Y) perimetry has gained fairly wide acceptance as a clinical test since 
its initial use more than 10 years ago. SWAP uses moderately bright 
yellow background fields to depress visual sensitivity that is mediated 
via long and middle-wavelength-sensitive cones. This selective sensiti-
vity reduction allows visual sensitivity mediated via short-wavelength-
sensitive cones to be measured in isolation(1).

Previous studies suggest that visual field defects on B/Y perimetry 
occur before defects on standard automatic white-on-white perimetry 
(SAP) and exhibit progression in advance of those recorded with white-
on-white perimetry in both chronic open-angle glaucoma and ocular 
hypertension(2-5). Although, Tafreshi et al., associates compared SAP, 
Matrix frequency-doubling technology (FDT) perimetry and SWAP and 
detected no significant differences in their diagnostic performance(6).

Changes in the absorption characteristics of the human lens with 
age and lens opacity can influence the results of SWAP(7). Others in-
fluences in B/Y, such as intraocular lenses (IOLs) with ultraviolet filter, 
was reported in peer review literature(8). Another type of intraocular lens 
(IOL) with aspherical surface, could modify the visual performance of 
patients implanted with these IOLs in relation to those implanted with 
spherical IOLs.

 It has been suggested in previous works that aspherical IOLs can 
improve contrast sensitivity and reduce the patient’s perception of halos 
and glare(9). These theoretical changes can confound the interpretation 
of the glaucomatous visual field, and it is a great clinical importance to 
understand the aspherical IOL´s effect upon such mode of perimetry.

The purpose of this prospective study was to investigate the 
possible effects of an aspherical and a blue-light filter (yellow tinted) 
IOLs on contrast sensitivity and B/Y perimetry measures.
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METHODS
This study was conducted according to ethical standards for cli-

nical research and was approved by the University Hospital’s research 
ethics committee/investigational review board. The observers who 
conducted the postoperative visual evaluations did not have access 
to the randomization code or information about the surgical proce-
dures. Informed consent was obtained, and the study was conducted 
in adherence with the tenets of the Declaration of Helsinki. 

All patients involved had bilateral sequential cataract surgery 
under similar preoperative conditions using the same phacoemulsi-
fication technique in both eyes. Only one experienced surgeon per
formed all surgeries.

 Patients with visually significant bilateral cataract and no history 
of glaucoma were eligible for inclusion in the study. Exclusion criteria 
was any ocular disease, such as corneal opacities or irregularity, dry 
eye, amblyopia, anisometropia, retinal abnormalities, surgical com-
plications, IOL tilt, previous or current use of medications known to 
cause color-vision deficiencies, or incomplete follow-up.

The patients were divided in two groups: first group compromi-
sed 25 patients (50 eyes). Each patient received a spherical foldable, 
1-piece, hydrophobic acrylic IOL (Akreos Fit, Bausch & Lomb, Inc.) in 
one eye and a 1-piece foldable, hydrophobic acrylic IOL (Akreos AO, 
Bausch & Lomb, Inc.) with aspherical anterior and posterior surface 
in the fellow eye (aberration-free).

The second group enrolled 27 patients (54 eyes) with an ultravio-
let and blue light filter IOL (AcrySof Natural SN60AT, Alcon) in one eye 
(yellow tinted), and an acrylic ultraviolet filter IOL (AcrySof SA60AT, 
Alcon) in the fellow eye (non-tinted). 

Approximately 30 days after the first surgery, the second eye had 
cataract surgery with implantation of another IOL model. All patients 
and observers were masked about the IOL type implanted.

An envelope system was used to randomly assign all enrolled 
patients. Sequenced and sealed envelopes containing the first type 
of IOL (Akreos AO or Akreos Fit; SN60AT or MA60AC) were prepared 
before surgery. An unscrubbed observer in the operating room ope-
ned the envelopes and assigned each patient. 

The individuals met the following inclusion criteria at two years 
postoperatively: visual acuity better than 0.3 logMAR in both eyes, 
normal intraocular pressures, no evidence of posterior capsule opa-
city, and no signs of glaucoma. 

The primary outcome measures of the study were contrast sen-
sitivity and B/Y perimetry values. The contralateral eye was used as 
control. Best-corrected visual acuity (BCVA) and distance uncorrected 
visual acuity (UCVA) were measured as well as B/Y values. The visual 
acuity was measured at 100% contrast using Early Treatment of 
Diabetic Retinopathy Study (ETDRS) charts (Precision Vision) under 
photopic conditions (target luminance 85 candelas [cd]/m2) at 4.0 m. 

Contrast sensitivity was measured with VCTS 6000 (Vistech Con-
sultants Incorporation, Dayton, OH, USA) with best spectacle correc-
tion under photopic (85 cd/m2) and mesopic (3 cd/m2) conditions. 
Light conditions were controlled with a luxometer (Gossen-Starlite, 
Nürnberg, Germany). 

During visual field testing, optimal refractive correction was pla
ced before the tested eye, and the fellow eye was occluded with an 
opaque eye patch. B/Y perimetry was performed (first in right eye) 
using the Humphrey Visual Field Analyzer (Carl Zeiss Meditec, USA). 
A full-threshold algorithm (central 24-2 full-threshold strategy) was 
used with a blue (440 nm) size V (1.72°) stimulus on a yellow back-
ground (530 nm), with maximum brightness of 100 cd/m2. The mea-
sured levels were expressed in decibels (dB) for all points. 	

Because the participants did not have previous experience with 
any visual field testing, they underwent two initials tests to minimize 
the learning curve. These tests were not included in the analysis.

Only visual field tests with reliable results were analyzed. A re
liable test was defined as one with fixation losses of less than 25% and 
both false-positive and false-negative responses of less than 33%.

Statistical analysis was conducted using the software SPSS 
version 15.0 (SPSS Inc., Chicago, IL, USA). Data were analyzed with 
the nonparametric Mann-Whitney U test using a 5% significance 
level and 80% power. The normality of the quantitative variables was 
verified using the Kolmogorov-Smirnov test. The level of statistical 
significance for such comparison was set a p<.05. 

For our analysis, a sample size of at least 93 eyes per group al-
lowed effect size of 0.85 (Wilcoxon test).

RESULTS
The first group enrolled 25 patients (12 men [48.0%] and 13 women 

[52.0%]). Mean age of the patients was 57.80 ± 6.48 years. The second 
group involved 27 patients (7 women [26.0%] and 20 men [74.0%]). Mean 
age was 68.5 ± 3.84 years. All patients completed 24 months of follow-up.

No eye had intraoperative complications. At two years after sur-
gery, all lenses were well centered and there was no evidence of pos-
terior capsule opacity or glaucoma. All subjects showed good reliability 
indices in B/Y perimetry, thus, no test was excluded from the study.

The mean UCVA was 0.08 ± 0.05 in Akreos AO group and 0.09 ± 
0.06 in Akreos Fit group. There was no significant difference between 
the IOL groups for distance UCVA (p=0.379). The mean BCVA was 0.01 ± 
0.10 in Akreos AO group and 0.02 ± 0.09 in Akreos FIT group (p=0.331).

There was no statistical difference in UCVA and BCVA in SN60AT 
and MA60AC; the mean UCVA was 0.05 ± 0.10 in SN60AT group and 
0.08 ± 0.10 in MA60AC group (p=0.432). The mean BCVA was 0.01 ± 
0.10 in SN60AT group and 0.02 ± 0.02 in MA60AC group (p=0.475).

Under photopic conditions, the aspherical IOL presented statisti-
cally better contrast sensitivity than spherical IOL only at 12 cycles per 
degree (cpd) spatial frequency (p=0.028). Under mesopic conditions, 
the Akreos AO IOL presented statistically better contrast sensitivity 
than Akreos Fit IOL at all spatial frequencies (1.5, 3, 6, 12, and 18 cpd; 
p=0.004, p=0.042, p=0.017, p=0.0017, and p=0.001,respectively).

There were no between group significant differences (yellow tinted 
and non tinted IOL) under photopic conditions (1.5 cpd, 3 cpd, 6 cpd, 
12 cpd, and 18 cpd; p=0.798, p=0.809, p=0.738, p=0.915 and p=0.887 
respectively) or mesopic conditions (1.5 cpd, 3 cpd, 6 cpd, 12 cpd, and 
18 cpd; p=0.819, p=0.736, p=0.714, p=0.819 and p=0.917 respectively).

Tables 1 and 2 shows mean defect (MD) and pattern standard 
deviation (PSD) distribution values in the first group (Akreos AO and 
Akreos Fit). There was no significant difference for either MD or PSD.

Tables 3 and 4 shows the B/Y values in the second group (SN60AT 
and MA60AC). There was no significant difference for either MD or PSD.

The mean test duration was similar in both groups, 230.5 seconds 
(213.5 - 266.0 seconds) with Akreos AO and 227.00 seconds (204.0 - 
324.2 seconds) with Akreos Fit (p=0.213). Eyes implanted with SN60AT 
had a test time of 232.4 seconds ( 210.2 - 268.4 seconds) and 230.2 
seconds (209.8 - 265.8 seconds) with MA60AC (p=0.238).

DISCUSSION
In the past 10 years the technique used for cataract surgery has 

improved(8). Recent advances in wavefront technology have enabled 
measurements that describe aberrations of both the cornea(9) and the 

Table 1. Mean deviation (MD) of blue-on-yellow perimetry in eyes 
implanted with Akreos AO and Akreos Fit

Value
Akreos AO

(dB)
Akreos Fit

(dB)

Mean - 2.40 - 4.70

Minimum - 5.07 - 6.09

Maximum - 1.32 -1.00

dB= decibels; P=0.07.
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entire refractive system of the eye(10). The selection of aspherical IOLs 
to compensate for corneal aberrations can improve pseudophakic 
visual quality(11).

After cataract removal with IOL implantation, the IOL itself 
might confound the findings of common diagnostic tests such as 
perimetry(12-14). There are no reports on the effect of aspherical IOL 
on B/Y perimetry to our knowledge. This contralateral eye study 
was conducted to analyze the theoretical benefits of aspherical IOL 
implantation in improve contrast sensitivity and its consequences in 
B/Y parameters. Blue-filter IOLs were also taken into account.

Under mesopic conditions, postoperative VCTS contrast sensi-
tivity testing showed significant differences between the 2 groups 
(aspherical and spherical IOLs) at all spatial frequencies, indicating 
that Akreos AO performed better than Akreos Fit in larger pupil sizes. 
However, under photopic conditions, the Akreos AO IOL performed 
better than Akreos Fit only at 12 cpd. Others studies confirms this 
findings(9,12). Despite this improvement in contrast sensitivity, no 
changes in pattern standard deviation (PSD) or mean deviation (MD) 
were found comparing aspherical and spherical IOL.

Benefits of blue-filter IOLs that have been suggested include 
protection against retinal damage due to blue light, with a possible 
role in preventing the development or exacerbation of age-related 
macular degeneration. In addition, by blocking blue light, the optical 
chromatic aberration is reduced. Improvement in contrast sensitivity, 
reduced glare under photopic and mesopic conditions and reduc-
tion in disturbance of blue color vision are also expected. These 
changes could confound the interpretation of the glaucomatous 
visual field(15-20). 

In our study, no statistically difference was found in contrast sen-
sitivity comparing yellow tinted and clear IOLs. Even with a shorter 

follow-up, most previous studies found no detrimental effect of blue 
light-filtering IOLs on photopic or mesopic contrast sensitivity or on 
color vision between eyes with blue light-filtering IOLs and eyes with 
UV light-filtering IOLs(21,22).

Castro et al.(23), using a blue light spectrum filter (simulating an 
AcriSof Natural IOL) found statistically significant reductions in MD 
and foveal threshold on SWAP, but not in SAP examinations. Howe-
ver, this study was not conducted for patients with cataract (young 
patients). Our study did not confirm these results. A previous study by 
Jang et al.(24), had similar findings to the results of Castro et al. 

Another study on the influence of yellow IOL on SWAP, concluded 
that yellow IOLs did not affect SWAP results(25), which is in agreement 
with our results. Ueda et al.(26), also reported that no significant diffe-
rences were observed between patients with yellow-tinted and clear 
IOLs for FDT perimetry results. They suggested that when interpreting 
the results of perimetry, the effect of cataract should be considered 
but that of IOL color does not need consideration.

Some studies described a better(26,27) or worse(28,29) performance 
of blue-light- filtering IOLs. The majority of the studies, however, did 
not find any statistically significant differences in comparison with 
UV-filtering IOL(30-32).

In this study, no significant difference for either MD or PSD was 
found between IOLs, although, the Akreos AO group demonstrated 
better values (Table 1 and 2). In spite of no scientific agreement exists as 
to whether removing aberrations from the visual system may result in 
a better retinal image, it is also apparent that zero spherical aberration 
does not automatically provide best visual performance.	

This study has limitations that included the absence of preopera-
tive B/Y perimetry data, the small number of cases, and the absence 
of concurrent standard automated perimetry. A larger number of 
cases, (proximally 100 cases in each group), could make a difference 
in the findings between each group, or confirm the result seen in 
this study. 

The fact that this study makes a contralateral comparison mini-
mizes intraindividual factors that could interfere with contrast sensi-
tivity and the results of B/Y perimetry. Different IOLs from the same 
manufacturer were used to minimize bias. 

CONCLUSION
In summary, aspherical IOL showed better performance in the 

contrast sensitivity test under mesopic conditions compared with 
the spherical IOL. Blue-yellow perimetry did not appear to be affec-
ted by aspherical or yellow tinted IOL. Further studies with a larger 
sample size are necessary.
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