VIRTIOL = SIMULATION OF QUALITY
OF VISION WITH MULTIFOCAL AND
EDOF INTRAOCULAR LENSES

SUMMARY

Pupose: To experimentally compare the visual acuity and the subjective perception of different
types of multifocal intraocular lenses (I0OL) using a VirtlOL device/simulator in a group of volun-
teers with artephakia.

Material and methods: This was an experimental study involving a total of 20 volunteers with
artephakia (35 eyes). Each volunteer rated 5 types of IOLs, 4 presbyopia-correcting I0Ls - WIOL-CF,
Tecnis Symphony ZXR00, Acrysof IQ PanOptix TFNT00, M-flex 630 F, and as a reference lens, we
used the monofocal IOL Acrysof SA60AT. The corrected distance visual acuity (CDVA), distance
corrected intermediated visual acuity (DCIVA) and distance corrected near visual acuity (DCNVA)
were measured. Additionally, volunteers evaluated the quality of vision under normal or changed
lighting conditions, and ranked IOL on scale from 1 to 5.

Results: The CDVA evaluated using the VirtlOL device was very good for all tested IOLs (0.04-0.09
log MAR) with minimum differences. However, CDVA without simulator (-0.01 logMAR) was stati-
stically significantly better in all cases. DCIVA was also very similar in each of the investigated I0Ls,
surprisingly even with monofocal IOL (0.21-0.23 logMAR), without using simulator the DCIVA was
statistically significantly worse (0.36 logMAR). The DCNVA was the best for PanOptix intraocular
lens (0.22 logMAR); M-flex, Symphony and WIOL-CF lenses had comparable results (0.31-0.34
logMAR). Again, surprisingly similar results were obtained with the use of monofocal IOL (0.36 +
0.14). Subjective perception of vision through the IOLs was best rated for the monofocal control
10L, whereas Symphony, WIOL-CF and M-flex did not show any statistically significant difference
either with or without glare. All tested I10Ls were statistically significantly better if compared to
PanOptix with or without glare.

Conclusion: Simulation of vision through IOLs using VirtIOL simulator allows to compare different
models of multifocal IOLs from the viewpoint of visual acuity and subjective perception. However,
some caution should be exercised when evaluating the results, given that in our experiments, the
monofocal IOL achieved relatively good results at near distance, which does not correspond to
clinical experience. On the contrary, from the comparison of the results of CDVA without and with
VirtlOL, it is obvious that visual acuity is slightly adversely affected by added optics.
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INTRODUCTION

The problem of loss of accommodation and surgical so-
lution of presbyopia still remains a substantial challenge
in patients for whom cataract surgery is planned. At pre-
sent a whole range of multifocal intraocular lenses (MF
I0L) and lenses with extended depth of focus (EDOF) are
available on the market, which to a certain degree provide
artephakic patients with quality vision at multiple distan-
ces. Nevertheless the construction of the lenses itself en-
tails certain problems (light effects of glare and halo type,
worsened contrast sensitivity, insufficient visual acuity at
certain distances etc.). Patients may perceive these side
effects very negatively, especially in the early postopera-
tive period, and in some cases these may be the cause of
frustration and subjectively poor evaluation of the effect of
surgery. In extreme cases they may even be the reason for
explantation of the IOL [15]. Careful and patient consulta-
tion with the patient before surgery is essential, in order to
determine the patient’s needs and specific requirements.
Even despite this, however, it is often difficult to describe
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to the patient the manner of vision and optical phenome-
na which he or she will perceive after the operation [5].
According to the manufacturing technology and the
expected effect, we can in principle at present divide the
used intraocular lenses (10Ls) into four groups. Monofocal
I0Ls, which have excellent results in terms of distance visi-
on, as a rule do not enable sufficiently good vision at mid-
dle distance and close up, while on the other hand the in-
cidence of adverse optical phenomena is very small. EDOF
lenses (in our cohort WIOL-CF, Tecnis Symfony) theoreti-
cally provide very good distance and intermediate vision,
worse near vision, and in comparison with other groups
of lenses should theoretically have a lower risk of occu-
rrence of adverse optical phenomena [1]. Refractive multi-
focal lenses (in our cohort M-flex) as a rule enable quality
distance and near vision, and partially limited middle dis-
tance vision. Similarly the last group, diffractive multifocal
lenses or more precisely diffractive/refractive (in our co-
hort PanOptix) provide very good distance and near visi-
on, but are often linked with the incidence of adverse light
phenomena. The difference between the trifocal PanOptix
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lens and for example certain similarly constructed bifocal
lenses (ReSTOR) consists primarily in the presence of a
third focus (to middle distance) in the case of the PanOptix
lens [5].

A comparison of the individual types of multifocal lenses
among themselves is relatively complicated, and to date
has not yet been reliably resolved. Optical systems have
been described which are capable of objectively compa-
ring the purely optical properties of the individual 10Ls
on models [3,8,9,13]. However, these procedures are not
able to faultlessly identify the passage of light through the
actual eye, the influence of the retina and the processing
of the image by the patient’s central nervous system etc.
The results therefore may not actually correspond to sub-
jective evaluation. On the other hand, a whole range of
studies have been published in the professional literature,
comparing individual types of IOLs in clinical practice. The
VirtlOL device provides a new type of examination, which
to a certain degree is capable of simulating vision for the
patient after the operation, in which the patient’s lens is
removed and a specific IOL is implanted. The device func-
tions on the principle of an optical bench, into which the
relevant type of planned IOL is inserted, and the patient
is able to observe near and distant objects via the optics,
to evaluate secondary visual phenomena, contrast sensiti-
vity etc. (fig. 1). With regard to the fact that in the case of
cataract the patient’s subjective vision is worsened by the
turbidity of the lens itself, the examination is suitable abo-
ve all for patients with planned extraction of a clear lens
or for patients in whom cataract does not yet contribute
significantly to worsened visual acuity.

The aim of our study was to compare visual acuity and
subjective perception of various types of MF IOL and EDOF
in a group of volunteers — patients who had undergone ca-
taract surgery, with the aid of a VirtlOL device. On the ba-
sis of this comparison we then intended to determine the
applicable usability of this technology for simulating visual
perception in patients before the planned extraction of a
clear lens and implantation of a multifocal IOL.

METHOD

This concerned an experimental trial, the patients sig-
ned an informed consent to their inclusion in the study,
and the trial was conducted in accordance with the Hel-
sinki Declaration of 1975, as amended by the revision of
1983. The cohort comprised 20 volunteers (35 artephakic
eyes) at minimum 3 months after performed cataract sur-
gery with the implantation of a monofocal IOL. The average
age of the volunteers was 71 + 7 years (58-89 years). We
chose examination on artephakic eyes in order to exclude
the possibility of any applicable residual accommodation.
Exclusion criteria for volunteers in the study were the pre-
sence of another ocular pathology which could have ad-
versely influenced visual acuity, and corneal astigmatism
higher than 0.75 D (measured by automatic keratometer).
All the examinations were conducted at the Department
of Ophthalmology at the Kralovské Vinohrady University
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Hospital and 3rd Faculty of Medicine, Charles University
Prague.

Preparation of the VirtlOL device — the tested lens was
hermetically sealed in a testing chamber filled with sali-
ne solution. The order of the tested lens was chosen by
random selection with the aid of a permutation calculator
(http://users.telenet.be/vdmoortel/dirk/Maths/permuta-
tions.html) in order to eliminate potential error (the last
types of evaluated lenses could have been disadvantaged
for example due to fatigue on the part of the patient etc.).

Each volunteer evaluated a total of 5 types of I10L, which
were progressively inserted into the device. The evaluated
lenses were WIOL-CF + 22 D (Medicem Technology), Tecnis
Symphony ZXR00 +22 D (Abbot Medical Optics), Acrysof IQ
PanOptix TFNTOO; +22 D, ADD: +2.2 and +3.2 D (Alcon) and
M-fLex 630 F, + 22 D, ADD +3.0D (Rayner). We used a mo-
nofocal IOL Acrysof ASA60AT + 22 D (Alcon) as a reference
lens. Any postoperative spherical defect of the volunteers
was corrected with the aid of a corrective lens, in order
to ensure that the result of the evaluation could not be
influenced. Measured visual acuity at the stipulated dis-
tances was therefore examined with the aid of distance co-
rrection. Corrected distance visual acuity (CDVA) was mea-
sured — 4.2 m, as well as distance corrected intermediate
visual acuity (DCIVA) at 70 cm, and distance corrected near
visual acuity (DCNVA) at 40 cm. Visual acuity was exami-
ned with the aid of an LCD optotype and expressed in va-
lues of LogMAR. The size of the screen was stipulated at 3
mm upon distance examination and 2.5 mm upon evalua-
tion of intermediate and near vision, which corresponds to
the size of the pupil in the given group [2]. Upon further
examination, the volunteers evaluated the quality of visi-
on under ordinary or altered lighting conditions (compa-
rison of occurrence of adverse visual effects). The exami-
ned volunteer observed an image without glare through
the evaluated IOL, placed in random order. The task was
to attribute to the lens the relevant ranking of 1-5, with 1

Fig 1. VirtiOL
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indicating the fewest phenomena and 5 the worst subjec-
tive perception. Subsequently an image with glare (fig. 2)
was projected and evaluated in the same manner. The five
samples consisted of the aforementioned 4 types of exa-
mined I0Ls, the fifth sample was again a monofocal lens
without addition.

We statistically evaluated the results with the aid of a
Student paired test. We considered a value of p £ 0.05 to
represent statistically significant differences.

RESULTS

CDVA examined via the VirtlOL device was very good
for the examined lenses (graph 1). The mutual differences
between the lenses were minimal, but were nevertheless
statistically significant in certain cases (table 1). However,
if we compare CDVA examined with the aid of the VirtlOL
device and regular CDVA without the use of the device in
the volunteers taking part (-0.01 logMAR), this was statisti-
cally significantly worse in all cases, even in the case of use
of a monofocal IOL (0.04 logMAR). It is therefore evident
that visual acuity examined via the VirtlOL instrument is
slightly adversely influenced by the added optics.

DCIVA was also very similar for the individual tested IOLs,
and surprisingly also in the case of the monofocal IOL (gra-
ph 2). The only small but statistically significant difference
we recorded was in a comparison of M-flex and WIOL-CF
lenses, in which the results of the M-flex lens were better.
However, clinically the difference of 0.02 logMAR is insig-
nificant, and corresponds to worsening/improvement by
one read symbol on ETDRS optotype (table 2).

Upon a comparison of ordinary DCIVA examined without
the use of the VirtlOL device (0.36 logMAR) and DCIVA
with the use of the device for the individual tested IOLs,
this value was statistically significantly worse (including in
the case of using the monofocal IOL in the device).

Graph 3 presents the overall results of DCNVA for the
tested lenses. The patients attained the best near vision
upon use of the PanOptix lens; the lenses M-flex, Sym-
phony and WIOL-CF had comparable results. We again ob-
tained surprisingly similar results upon the use of the mo-
nofocal IOL (value 0.36+0.14). The statistical significance of
the individual results is described in table no. 3.

Upon a comparison of ordinary DCNVA examined
without the use of the VirtlOL device (0.56 logMAR) and
DCNVA for the individual tested 10Ls with the use of the

Fig. 2. Images designed for evaluation of subjective vision without
and with glare

device, this value was statistically significantly worse (and
again also in the case of the monofocal IOL in the device).

Table 4 presents the results of subjective evaluation of
patients both “with/without glare”. In comparison with
all the other types of IOL, the monofocal lens was statis-
tically significantly better “with/without glare”. There was
no statistically significant difference “with/without glare”
between Symfony, WIOL-CF and M-flex. All the tested len-
ses were statistically significantly better evaluated in com-
parison with PanOptix “with/without glare”.

DISCUSSION

With regard to the fact that resolving loss of accommo-
dation after removing a natural lens and inducing pseudoa-
ccommodation by means of the implantation of multifocal
and EDOF IOLs is currently one of the primary themes of
ophthalmology, it is possible to find a relatively large quan-
tity of studies on this issue in the professional literature.
However, practically all the studies relate to the clinical
results upon the use of the individual lenses. The majori-
ty of the published results describe a specific type of MF
IOL and compare it with the results for monofocal lenses,
or mutually compare 2 types of MF IOL. Cochener et al.
published an extensive meta-analysis incorporating the cli-
nical results of 11 monofocal and 35 multifocal 10Ls (both
diffractive and refractive, as well as 2 accommodative).
Average uncorrected distance visual acuity for the multi-
focal 10Ls was 0.165 (0.090-0.240) logMAR, for the mono-
focal lenses 0.093 (0.088-0.098) logMAR. In comparison
with monofocal lenses, the patients with multifocal lenses
attained statistically significantly better uncorrected near
vision — 0.141 (0.131-0.152) logMAR versus 0.470 (0.322-
0.618) logMAR. In a comparison of diffractive and refrac-
tive I0Ls, the authors describe comparable uncorrected
distance vision (0.105 [0.098-0.111] logMAR versus 0.085

Table 1. Statistical differences (p values) between the different types of evaluated intraocular lenses tested in corrected distance visual acuity.

The values marked in red were statistically significant.

:

Symphony 0.0189 0.21784

PanOptix 0.0002 0.0108

0.11652
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0.0189 0.00042 0.0002
0.21784 0.0457 0.0108
X 0.25306 0.08379
0.25306 X 0.23573
0.08379 0.23573 X
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Graph 2. Distance corrected intermediate visual acuity without/
with VirtlOL

Table 2. Statistical differences (p values) between the different types of evaluated I0Ls in distance corrected intermediate visual acuity. The

values marked in red were statistically significant.

Monofocal 0.83603

0.83603 X
Symphony 0.60255 0.32888
WIOL-CF 0.18287 0.0336

PanOptix 0.27968 0.17131

[0.029-0.140] logMAR) and better uncorrected near vision
in favour of diffractive lenses (0.217 [0.118-0.317] logMAR
versus 0.082 [0.067-0.098] logAMR). As regards the occu-
rrence of secondary visual phenomena, these were similar
for all types of multifocal IOLs [4]. In our experimental stu-
dy we did not record larger differences between a refrac-
tive (M-Flex) and diffractive IOL (PanOptix) for distance
vision, nevertheless the diffractive PanOptix lens was sta-
tistically significantly better for near vision. By contrast,
upon subjective evaluation of secondary visual phenome-
na, somewhat surprisingly the diffractive lens was evalua-
ted statistically significantly worse in comparison with all
the other tested types of I0L.

Studies have also been published comparing the effect
of implantation of trifocal and bifocal 10Ls, above all with

0,56+0.14]

0,2

Visual Acuity (logMAR)

0,1

PanOptix M-flex Symfony WIOL-CF  Monofocal without
VirtioL

Intraocular Lens

Graph 3. Distance corrected near visual acuity without/with VirtlOL
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X

0.60255 0.18287 0.27968
0.32888 0.0336 0.17131
X 0.22995 0.37265
0.22995 X 0.78367
0.37265 0.78367 X

respect to intermediate distance visual acuity. For examp-
le, Vilar et al. demonstrated better intermediate distance
visual acuity and better contrast sensitivity under photopic
conditions in patients with a bilaterally implanted trifocal
PanOptix lens in comparison with patients with an implan-
ted bifocal diffractive/refractive ReSTOR lens [16]. Mojzi$
et al. describe significantly better intermediate distance
vision in patients with an implanted trifocal AT LISA lens in
comparison with an analogous bifocal lens [10].

Velika et al. examined the difference between classic bi-
focal lenses (Lentis Mplus) and bifocal lenses with exten-
ded depth of acuity (Lentis MplusX), which theoretically
enable better middle distance vision, nevertheless in their
study the authors did not record any statistically significant
differences [14].

In our experiment it was not possible to demonstrate a
positive effect of a trifocal 10L at intermediate distance,
the values of all the tested I0Ls (including the monofocal
reference lens) were practically comparable at intermedia-
te distance.

By contrast, there are very few studies in the literature
to date which have focused on the possibility of simulating
visual acuity and subjective perceptions with the aid of the
VirtlOL simulator, or by another method.

Pujol et al. for example used the VirtlOL device for tes-
ting a prototype of a new multifocal lens — NDIOL Ophtec
with addition of +2.0 D, which they compared with the
commercially available lens Mplus Oculentis (addition +3
D). As a reference they used a monofocal lens. For distance
vision, visual acuity was best in the case of the monofocal

CZECH AND SLOVAK OPHTHALMOLOGY 6/2018



Table 3. Statistical differences (p values) between the different types of evaluated IOLs in distance corrected near visual acuity. The values

marked in red were statistically significant.

0.00215

0.00215 X
Symphony 0.08899 0.21053
WIOL-CF 0.21981 0.10241
PanOptix <0.00001 0.00002

lens (-0.2), followed by the Mplus lens (-0.1) and NDIOL
(0.0). For near vision, visual acuity was best in the case
of the NDIOL lens (0.0), followed by Mplus (0.1), and re-
latively worse for the monofocal lens (0.4) [11]. However,
in this study the tested group of patients was without ar-
tephakia (age 53.2+6.7), and so the result could have been
influenced by their residual accommodation. In our cohort
the tested individuals did not attain such good near visu-
al acuity, and also the differences between the monofocal
lens and the multifocal lenses were less pronounced.

Another study again by Pujol et al. compared monofocal,
bifocal and trifocal IOLs on 3 tested individuals with the
aid of a VirtlOL simulator. They measured visual acuity in
the patients through lenses from +1 to -5 D, and thereby
attained a virtual pseudoaccommodation curve for the in-
dividual tested IOLs. Near visual acuity was better in this
experiment in the case of the bifocal and trifocal lenses in
comparison with the monofocal lens, visual acuity to mid-
dle distance was similar in all 3 cases (similarly as in our
experiment) [12].

Guthoff et al. compared the simulated size of secondary
visual phenomena (halo, starburst) with the aid of the Vir-
tIOL device. Under mesopic conditions the patients prefe-
rred monofocal IOLs for distance vision in comparison with
a MF lens and EDOF [7].

The question naturally arises as to what extent simula-
ted results can correspond to actual results. Giner et al.
evaluated the difference between simulated and actual
postoperative visual acuity in 10 patients. Three weeks
after implantation of a bifocal Mplus 10L, actual distance
visual acuity was better by 0.1 £ 0.13 in comparison with
simulated, in the case of near vision this difference was

Table 4. Subjective evaluation of secondary phenomena when
viewed to distance with the appropriate I0L, with and without
glare (average, standard deviation)

Photopic without | Photopic with
glare glare

Evaluated IOL

Monofocal 1.06+0.33 1.11+0.32
Symfony 2.97+0.94 3.46%1.05
WIOL-CF 3.20+0.95 3.14+0.93

3.11+1.04 2.91+1.08
PanOptix 4.57+0.80 4.37+1.04
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X

0.08899 0.21981 <0.00001
0.21053 0.10241 0.00002
X 0.61488 <0.00001
0.61488 X <0.00001
<0.00001 <0.00001 X

0.16 + 0.12. The patients in this study also subjectively
compared the similarity of the preoperative simulation
and actual postoperative vision on a scale of 0-5 (0 — diffe-
rent, 5 — exactly the same). The average value of accordan-
ce was 3.20 £ 0.79 upon observing a letter and 2.50 £ 0.71
upon observing a light source. Nevertheless, the authors
attribute this relative difference between the simulated
and actual results to turbidities of the lens which appeared
in the tested individuals before surgery [6].

The results of our experimental study evaluating indivi-
dual types of MF and EDOF IOLs with the aid of a VirtlOL
simulator produced a number of interesting discoveries. In
general it applies that subjective perception of secondary
phenomena worsens from monofocal, via EDOF lenses to
the refractive and diffractive type of MF IOL. According to
expectations, patients indicated the monofocal control IOL
as the best in all lighting conditions. Correction of presbyo-
pia with the aid of an IOL therefore causes certain unplea-
sant side effects to a greater or lesser extent, which are
well manifested upon simulation with a VirtlOL device.

Surprisingly, in our experiment simulated visual acuity
to middle distance and close up in individual tested IOLs
showed small differences between the individual tested
IOLs, and even relatively small differences from the mono-
focal control IOL. However, a difference appears if the re-
sults are compared with visual acuity of the tested subjects
without the VirtlOL at all three distances (distance, inter-
mediate, near). The monofocal IOL inserted into the VirtlOL
simulator thus behaved to a certain degree as a multifocal
lens in the test. We believe that this may be explained by
the fact that the spherical aberration (SA) of the tested ar-
tephakic persons is significantly increased upon examinati-
on using the VirtlOL device. An accumulation of positive SA
of the implanted 0L and SA of the tested IOL occurs, which
could theoretically lead to an extended depth of acuity. A
certain role may also have been played by residual accom-
modative effort and a certain degree of neuroadaptation in
the tested persons with monofocal artephakia.

A partial rectification of this effect could be achieved by
conducting research on phakic persons with pharmacolo-
gically suppressed accommodation, or in full presbyopic
patients with an entirely clear lens. Another possibility
would be to use a camera instead of tested subjects, which
would however to a certain extent counteract the greatest
benefit of simulation with the aid of a VirtlOL device, na-
mely subjective evaluation of the image and its processing
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by the retina, visual pathway and visual centres.
CONCLUSION

The first results of our experimental study with the Vir-
tIOL simulator indicate that the main clinical benefit of
this examination consists in the possibility of the patient
to subjectively evaluate perception of the image with the
aid of IOLs correcting presbyopia, and to compare them
with other IOLs, rather than in the actual simulation of po-
stoperative visual acuity. In addition, to a certain extent

it is possible to compare for example new types of I10Ls
with already available lenses. Nevertheless, a certain de-
gree of caution is essential in evaluating the results, due to
the fact that the experimental data may not entirely corre-
spond with clinical experiences.

In our experiment, distance and intermediate visual
acuity was practically comparable in the case of all the
tested 10Ls, whereas in near vision the patients attained
the best visual acuity with a trifocal lens. By contrast, upon
subjective evaluation of secondary phenomena, this lens
was evaluated as the worst, both with and without glare.
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