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Introduction

ABSTRACT

Introduction: The study has to determine whether implantation of diffractive multifocal lenses during cataract
phacoemulsification causes distortion of the cognitive aspects of processing perceptual information.

Material and methods: 25 patients who underwent cataract phacoemulsification with the implantation of diffrac-
tive multifocal lens Acrysof Restor SN6AD1 in both eyes (multifocal group) and 26 patients with the implantation
of monofocal intraocular lens Acrysof IQ SN6OWF in both eyes (monofocal group) were enrolled. All patients
underwent ophthalmic examination and cognitive function— Trial Making Test (Part A and Part B) and
Stroop Test (Stroop Test 1 and Stroop Test 2) tests at least 6 months after cataract surgery of the other eye.
Results: Mean patient age and visual acuity with correction for near and far vision did not differ between groups.
Average Trail Making scores were 32.80 + 11.86 s and 84.08 + 33.26 s for Parts A and B, respectively, in the
multifocal group, while scores in the monofocal group were 36.61 = 13.63 s and 93.34 = 40.49 s in Parts A
and B. Stroop Test scores were 79.09 + 17.69 s and 133.64 + 17.60 s for Stroop Test 1 and Stroop Test 2, re-
spectively, in the multifocal group; in the monofocal group, scores were 82.04 + 17.51 sand 152.88 + 65.72 s,
respectively. The groups did not differ for either test.

Conclusions: Differences between cognitive function tests results between patients with multifocal and monofocal
intraocular lenses were not statistically significant suggesting the lack of influence of the type of lens on visual
perception at least in good light conditions. Further clinical trials using more sophisticate tests in different
light conditions are needed.
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image, resulting in decreased sensitivity to contrast and
in retinal sensitivity to light in the perimetry [7]. Light

Multifocal lenses are used more and more frequently
to treat cataract and presbyopia. They allow patients to
achieve a visual acuity for far vision similar to monofocal
lenses and to become independent of eyeglasses for
near vision [1-6]. Multifocal diffractive lenses work by
creating separate focal points for objects that are near
and far away. In the vision process, the brain chooses
a focus with a better image quality, which depends on
the position of the object being observed. At the same
time, however, a sharp image overlaps another, blurred

diffusion associated with the construction of multifocal
lenses is responsible for the appearance of halo and
glare, and patients may experience blurry vision or
alterations in vision acuity [8-12]. These complaints
decrease for most patients with time from lens implan-
tation, which is associated with the gradual adaptation
of the visual cortex to new visual conditions called
‘neuroadaptation’ [7, 13-14]. Issues associated with
neuroadaptation disorders are among the most com-
mon causes of multifocal lens explantation [6].
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Compared with monofocal lenses, the reduced
image quality associated with intraocular multifocal
lenses and the overlapping of images may affect cog-
nitive functions. Cognitive function is defined by a set
of dynamic processes occurring in the mind, through
which information from the environment is received,
processed, and reintroduced into the environment in the
form of a reaction. Here we used a neuropsychological
perspective that identifies cognitive functions as one
of the dimensions of human functioning [15]. In this
view, they are divided into elementary and complex
cognitive processes through which the mind receives
and interprets stored information and communicates
it externally. Elementary cognitive processes include
perception, memory, attention, and cognitive control.
Complex ones comprise thinking and understanding,
problem solving, judgment, language, and speech.

Visual perception is one of the information-pro-
cessing activities that are an example of elementary
cognitive processes. The process of visual perception
is the process of object representation based on the
information received from the sensory organ and the
information contained in memory. The perception — that
is, the image of an object, taking into account all its
available features — is the effect of visual cortex activity,
which receives information from the various senses and
merges them together [16]. Cognitive functions such
as attention, memory, and cognitive control, which are
essential for the active interpretation of visual stimuli, are
involved in the individual stages of cognitive functioning.

The aim of this study was to determine whether im-
plantation of diffractive multifocal lenses during cataract
phacoemulsification causes the distortion of cognitive
aspects of processing perceptual information, which in-
clude attention, working memory, and cognitive control.

Material and methods

This observational case control study was conduct-
ed at the Department of Biology of the Visual System,
Collegium Medicum, Nicolaus Copernicus University
in Bydgoszcz, Poland between June 2015 and March
2016. This study followed the tenets of the Declaration
of Helsinki. Informed consent was obtained from the
subjects after explaining the nature and possible con-
sequences of the study. The research was approved by
the Ethics Committee of the institution where all authors
were affiliated.

Patients who underwent cataract phacoemulsi-
fication in both eyes were included in the study and
divided into two groups. The first group had a diffractive
multifocal lens (AcrySof Restor SNBAD1) implanted in
both eyes, and the second group had a monofocal lens
(AcrySof 1Q SN6OWF) implanted in both eyes.

Inclusion criteria covered postoperative visual acuity
with correction above 0.8 and no other ocular diseases
including retinal disease, glaucoma, optic nerve neu-
ropathy, corneal disease, preoperative refractive error
above = 3.0 Dsph, astigmatism above + 1.0 Dcyl, and
amblyopia. All cataract phacoemulsification operations
were performed by one surgeon in an uncomplicated
manner with an incision in a transparent cornea. The
interval between the operation of one eye and the other
eye did not exceed 12 months. Patients with mental
disorders like depressive and anxiety disorders, as well
as mild cognitive impairment and neurocognitive disor-
ders correlated with age like dementia were excluded.
Verification of these based on an anamnesis towards
neurological disorders and basic neurological exam
took place at the same day before the cognitive function
tests were performed.

All patients underwent ophthalmic examination and
cognitive function tests at least 6 months after the sec-
ond eye cataract surgery. The ophthalmic examination
included visual acuity assessment on ETDRS charts
for far vision with and without correction as well as the
visual acuity assessment for near vision with and without
correction. Intraocular pressure, the anterior segment of
the eye, and retinal state were measured or examined
to exclude any pathology.

For evaluating cognitive functions, we used the
Trail Making Test (TMT; Part A and Part B) and Stroop
Test (Stroop Test 1 and Stroop Test 2). The TMT was
used to measure visual field searching efficiency and
psychomotor speed (Part A). It also measures the
processes of attention, working memory, and cognitive
flexibility in visual-spatial material (Part B) [17-18]. The
test consists of combining with a solid line 25 randomly
arranged numbers in ascending order on an A4 paper
size (Part A) and 25 randomly arranged numbers in
ascending order and according to the rules of the
alphabet (Part B). The performance time of each part
measured in seconds was considered when evaluating
the results. The time difference of both Parts (B — A)
was also calculated, which allowed for evaluation of
cognitive memory and cognitive flexibility, also called
‘switching’ [8, 19].

The Stroop Test is one of the most popular meth-
ods of assessing cognitive control with reference to
interference [18]. The test material consists of two
tasks. The first (Stroop Test 1) is to call out the print
color as fast as possible, and the second (Stroop Test
2) is an interference task that requires noting a conflict
between the meaning of the word and the color in
which it is written. The purpose of the test is to evaluate
the effectiveness of material selection through cog-
nitive suppression or interference, which in this task
consists of suppressing the dominant reaction of the
automatic reading process and replacing it with a new
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Table 1. Demographic data

Multifocal IOL Monofocal IOL o]
(n = 25) (n = 26)

Sex (women:men) 12:13 14:12
Age (y) 64.52 + 4.80 64.58 + 4.96 0.967
AL right eye (mm) 23.57 = 1.32 23.64 = 1.44 0.872
AL left eye (mm) 23.57 = 1.31 23.71 £ 1.50 0.712
Mean IOL power right eye (D) 21.86 = 4.23 21.71 £ 3.54 0.947
Mean IOL power left eye (D) 22.05 + 4.38 21.67 £ 3.72 0.748
Time elapsed after surgery (d) - right eye 608.28 + 44.49 473.77 + 56.86 0.008
Time elapsed after surgery (d) — left eye 580.48 + 49.59 502.54 + 77.83 0.015
AL - axial length
IOL - intraocular lens
Table 2. Postoperative refractive error

Multifocal IOL Monofocal IOL o]

(n = 25) (n = 26)

Mean refractive error for far vision
(spherical equivalent, Dsph)
— right eye 0.085 + 0.33 -0.88 + 1.33 0.001
— left eye 0.035 + 0.39 -0.71 =£1.24 0.015
Mean refractive error for near vision
(spherical equivalent, Dsph)
— right eye 0.45 = 0.80 143 £1.20 0.006
—lefteye 0.50 + 0.83 1.64 = 1.10 0.001

reaction, the naming of the font color. The distractor
that hinders the suppression is the color significance.
When evaluating the results, the time taken for each
sample was analyzed, and the time difference of the
interference task and the control task was also evalu-
ated as an indicator of interference.

TMT Part A and Part B, Stroop Test 1, and Stroop
Test 2 were performed in all patients in the same
room and with the same lighting conditions in the
presence of a qualified psychologist. High-intensity
artificial lighting for easy reading was used. Patients
who used reading glasses daily did the tests with
correction for near vision, and all others did them
without correction. The test cards were at a standard
distance of 40 cm.

Statistical analysis

The Shapiro-Wilk test was used to resolve the nor-
mality distribution of the data. Parametric comparisons
were made using a f-test and non-parametric com-
parisons were made using the Mann-Whitney U test.
Spearman’s correlation coefficients between cognitive
function tests and visual parameters were also calcu-
lated. Probability values of p < 0.05 were considered
statistically significant.

Results

A total of 25 patients who underwent cataract
phacoemulsification with the implantation of diffractive
multifocal lens in both eyes (multifocal group) and
26 patients with the implantation of monofocal intraoc-
ular lens in both eyes (monofocal group) were enrolled.
The demographic data of patients are presented in Tab.
1. Differences between mean age and eye length were
not statistically significant. For patients in the multifocal
group, the interval between surgery and control was
greater than in the monofocal group.

Tables 2 and 3 show the results of postoperative
visual acuity and correction in the study groups. In the
monofocal group, the mean postoperative refractive
error was shifted to myopia and was -0.88 = 1.33 Dsph
in the right eye and -0.71 = 1.24 Dsph in the left eye.
In this group, the patients required significantly greater
correction for near vision in comparison with the eyes
implanted with multifocal lenses. Visual acuity with
correction for far vision and for near vision did not differ
significantly between the groups.

Twelve patients (48%) from the multifocal group re-
ported total independence from using eyeglasses. Only
two people in this group used eyeglasses for near vision
on a constant basis, and eleven patients reported doing
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Table 3. Postoperative visual acuity

Multifocal IOL Monofocal IOL p
(n = 25) (n = 26)
Mean visual acuity for far vision with correction,
logMar
— right eye 0.0128 + 0.12 -0.0108 + 0.18 0.123
— left eye 0.0128 + 0.11 -0.0038 + 0.17 0.130
Mean visual acuity for near vision with correction,
logMar
— right eye 0.152 = 0.09 0.111 £0.13 0.107
—lefteye 0.128 + 0.08 0.104 £ 0.13 0.187
Table 4. Mean results of cognitive tests
Multifocal IOL Monofocal IOL p
(n = 25) (n = 26)
Trail Making Test, Part A (s) 32.80 + 11.86 36.61 = 13.63 0.292
Trail Making Test, Part B (s) 84.08 = 33.26 93.34 = 40.49 0.377
Trail Making Test, Part B— A (s) 51.28 + 30.86 56.73 + 36.11 0.566
Stroop Test 1 (s) 79.09 + 17.69 82.04 + 17.51 0.631
Stroop Test 2 (s) 133.64 = 17.60 152.88 * 65.72 0.386
Stroop Test2-1 (s) 64.04 = 37.57 74.00 = 71.84 0.685

so only occasionally (44%). In the monofocal group, all
patients used eyeglasses for near vision, with constant
correction required in 18 patients (69.2%) and occasion-
al correction in 8 (30.8%). Sporadic occurrence of glare
or halo occurred in 16 (64%) patients in the multifocal
group and 4 (16%) in the monofocal group.

The TMT results are shown in Tab. 4. For both Part
A and Part B and the differences between B and A
(B — A), the mean test times were lower for the
multifocal group, yet these differences were not
statistically significant. A similar pattern occurred
with the Stroop Test (Tab. 4), where the observed
differences between the groups were not statistically
significant. TMT and Stroop Test results did not cor-
relate significantly with postoperative refractive error,
visual acuity with far and near vision, eye length,
power of the implanted intraocular lens, or the time
distance between the operation and control in both
groups. Scores also showed no significant correlation
with patient age.

Discussion

The study compared two groups of patients of simi-
lar age, eye length, and power of implanted intraocular
lenses. One group of patients had diffractive multi-
focal lenses implanted for both eyes during cataract
phacoemulsification, and the second group received
monofocal lenses. The results obtained after the oper-

ation with reference to visual acuity with correction for
far and near vision did not differ significantly between
groups. The use of multifocal lenses allowed 48% of
those patients to be completely independent of eye-
glasses whereas no patients in the monofocal group
were eyeglasses free. TMT and Stroop Test scores did
not differ between groups with reference to cognitive
functions in terms of visual field efficiency and psycho-
motor speed, as well as for attention, memory, control,
and cognitive flexibility.

All available publications confirm the benefits of us-
ing multifocal lenses, which improve near vision without
correction in comparison with monocular lenses [1-5,
11-12]. In 7% to 69%, total independence from eye-
glasses is achieved, and almost all have reduced need
for eyeglasses [2]. Unfortunately, such lenses have
associated costs, including decreased contrast sensi-
tivity, especially under mesotopic lighting conditions,
as well as glare and halo [1-5]. In the study material,
this phenomenon occurred in 64% of the patients. Neg-
ative phenomena accompanying diffractive multifocal
lenses are associated with image formation and loss
of light energy dissipating on the lens surface [2-5].
Because of the concentric rings located on the surface
of the diffractive lens, the light rays are diffracted so
that two foci are formed, one for far and the other for
near vision. As a result, the non-target blurred image
always overshadows the targeted sharp image, which
hinders vision and causes ailments that, in extreme
cases, even necessitate lens explantation [6].
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The image overlap of observed retinal objects in
patients with implanted diffractive intraocular lenses
distorts the processes of image analysis within the visual
cortex. Studies using functional magnetic resonance
imaging have demonstrated that, unlike in patients
with monofocal lenses, cortical centers in patients with
implanted multifocal lenses are activated under poor
lighting conditions; among other things, these regions
are responsible for task planning and problem solving
[18, 20]. Thanks to the process of neuroadaptation, in
the majority of patients, these problems decrease with
the time that has elapsed since surgery [13-14, 19,
21]. This process lasts for at least 6 months after the
surgery, although it slows or stops completely in some
patients and in exceptional cases leads to lens remov-
al. The neuroadaptation process can be significantly
accelerated with special training programs; however,
some disorders persist despite a long adaptation time,
including reduced retinal sensitivity in perimetry by
about 2 dB [7].

Image forming and image analysis disorders in pa-
tients with diffractive intraocular lenses may potentially
interfere with visual perception and associated cognitive
processes. However, this study identified no statistically
significant differences in the examined functions, which
might suggest that the type of lens, multifocal or monoc-
ular, is not related to cognitive aspects of functioning. On
the one hand, this outcome is probably attributable to the
absence of such influence in patients well adapted to this
type of lens. The average time elapsed since the opera-
tion in the study group was over one year, so the process
of neuroadaptation had probably been completed. The
results can be explained by good lighting conditions
in which the cognitive tests were performed. It seems
likely that visual disturbances would occur only in the
case of low-intensity lighting. On the other hand, there
are some limitations that might explain no statistically
significant differences in cognitive function performance
in patients with a different type of lenses. First of all,
the sample size is insufficient to make any conclusion
about the relation between cognitive function and type of
lenses and differentiate this two group of patients based
on the tests of psychomotor speed, attention, memory,
control, and cognitive flexibility. Furthermore it is a very
possible that the measurements of cognitive function,
used in presented research, are too general. It would
be advisable to use more specific test of visual skills,
to examine more elementary aspects of perception like
motor and visual perception skills and motor free visual
perception skills.

Conclusion

The lack of statistical differences in TMT test and
Stroop Test suggests that diffractive multifocal lens

implantation does not significantly influence cognitive
functions in comparison to monofocal intraocular
lenses. Further studies in bigger samples with the use
of more sophisticated methods are required to reveal
potential subtle disturbances especially in poor light
conditions.
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