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SUMMARY

Purpose: The purpose of the study was to evaluate the visual functions after implantation of Acrysof monofocal intraocular lenses Alcon (SA60AT.
MA50BM a SN60WF a SN6AT).

Materials and methods: Four works are presented in the overview. The first work deals with the effect of eye length. corneal optic power and anterior
chamber depth on the uncorrected near visual acuity (UNVA) after IOL implantation. The second work compares the effect of eye position (horizontal
and vertical) on the final UNVA. The third work deals with the influence of the spherical lenses (SA and MA) and yellow aspherical lenses (SN) on UNVA.
The later work examines the effect of pupil width on UNVA.

Results: The first work showed the dependence of eye axial length (the largest in eyes bellow 22.5 mm. r = 0.36) on UNVA. 77.4 % of eyes with axial
length below 22.5 mm had UNVA better than 0.5 and 70.49 % of all evaluated eyes had UNVA better than 0.5. Uncorrected far visual acuity (UDVA) better
than 1.0 was in 97.54 % eyes in the whole group. In the second work we found a mean correlation in eyes shorter than 22.5 mm with UNVA in horizontal
position (r = 0.39) and in the vertical position (r = 0.49). UNVA improved in these eyes in horizontal position from 0.53 to 0.58 in vertical position of the
eye. In all eyes from the group UNVA changed from 0.51 to 0.56. The third work demonstrated the effect of sphericity and chromaticity on UNVA. Better
than 0.5 in the group of eyes shorter than 22.5 mm in SA 0L in 67 % and in SN IOL in 60 %. In eyes with mean axial length was UNVA better than 0.5 in
SAIOLin 86.5 %.in MA IOL in 81 % and in SN IOL in 75 %. In eyes longer than 23.5 mm was UNVA better than 0.5 in SA IOL in 100 % of eyes, in MA IOL
in 60 % and in SN IOL in 33 % of eyes.

In the fourth work the effect of pupil size was not demonstrated.

Conclusion: The works showed excellent results of UNVA and UDVA after implantation of Acrysof monofocal lenses.
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INTRODUCTION

The optical properties of refractive multifocal intraocular
lenses (IOL) are similar to simultaneous vision of multifocal
contact lenses, and are composed of zones with various
optic power. As in the case of simultaneous vision with
contact lenses, with IOLs also visual acuity is reduced, as is
contrast sensitivity, especially upon low contrast. Almost
28 % of patients are able to read Jaeger no. 1 without co-
rrection 3 months after cataract surgery [1]. Urminsky et
al. recorded UDVA of 0.7 and better in 75.9 % of eyes and
UNVA of 0.67 and better in 61 % of eyes after implantation
of multifocal IOLs, using the model SA 40 N by the Allergan
company [2].

Better results were attained by Cochener et al. fo-
llowing implantation of the multifocal diffractive 10Ls
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ReSTOR®. Distance visual acuity equal to or better than
0.8 in 93.3% of patients, while 87.2 % of patients did not
require glasses after surgery. 88.2 % of patients evaluated
their vision as better than before surgery, and 93.1 % of
patients believed that the operation had made a positive
contribution for them [3].

Approximately the same results were attained also by
MaresSova et al. with the multifocal I0Ls Acrysof ReSTOR
SN6AD3. UDVA of 0.8 and better was recorded in 87.5 %,
and UNVA worse than 0.6 was recorded in 10 % of eyes [4].

With the development of modern multifocal intraocu-
lar lenses there has been an improvement of resulting
UDVA and UNVA. Veliké et al., by implantation of IOL LEN-
TIS Mplus ad LENTIS MplusX (manufactured by Oculentis
GmbH and Topcon Europe BV), attained UDVA of 1.0 and
0.9 respectively, and UNVA of 0.8 and 0.9 respectively [5].
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Although multifocal 10Ls may help patients
attain better near visual acuity, they also result in an in-
crease of higher order aberrations and reduced contrast
sensitivity. Aspherical monofocal I0Ls, in contrast with
multifocal IOLs, reduce aberrations and improve contrast
sensitivity [6].

Other authors have also reached similar conclusions. Ac-
cording to them, multifocal IOLs as against monofocal len-
ses are effective in the improvement of near vision. Howe-
ver, there is uncertainty with regard to the effect. Whether
or not this improvement outweighs the negative effects of
multifocal IOLs such as glare and halo differs according to
individuals. A decisive factor will probably be motivation
to become independent of glasses [7,8,9,10,11].

From our long-term clinical experience of implantation
of monofocal intraocular lenses, we know that certain pati-
ents had both very good distance vision and reading vision
without the use of glasses following an operation perfor-
med with the implantation of a monofocal intraocular lens.
We wished to know the precise reason for this finding from
a number of perspectives: 1) the role played by eye length,
corneal optical power and anterior chamber depth, 2) the
influence of eye position (horizontal and vertical), 3) the in-
fluence of spherical lenses (SA and MA) and yellow aspheri-
cal lenses (SN), and 4) the influence of pupil width.

1. Influence of axial eye length, keratometry and
anterior chamber depth on UNVA following the
implantation of monofocal IOLs [12]

In the first study we attempted to determine the in-
fluence on resulting uncorrected visual acuity exercised
by the axial length of the eye, keratometry in the centre
and axis of vision, and anterior chamber depth. We di-
vided the cohort, which comprised 122 eyes, into three
groups according to axial eye length. The first group
comprised eyes with a length equal to or shorter than
22.5 mm, the second within a range of > 22.5 but shorter
than or equal to 23.5 mm, and the third longer than 23.5
mm. Uncorrected distance visual acuity (UDVA) was 1.0
or better in 97.54 % of eyes for the entire cohort. For the
individual eye lengths, UDVA was 1.0 or better in 97.37
%, 96.15 % and 100 % respectively. UDVA of 0.8 was re-
corded in 2.46 %. Correction did not improve this value.
Uncorrected near visual acuity better than 0.5 was re-
corded in 70.49 % of eyes throughout the entire cohort.
According to individual eye lengths, 77.4 %, 83.9 % and
62.9 % respectively. UNVA of 1.0 was recorded in 7.7 % of
eyes, which were only from the first group (shorter than
22.5 mm). We demonstrated a medium dependency of
UNVA on AXL in eyes shorter than 22.5 mm (r = -0.36),
and of UDVA on KC in eyes with a length of > 22.5 but <
23.5 mm (r=0.46). An ETDRS chart was used for examina-
tion of UDVA on all the individuals included in the cohort.
To determine UNVA we used Zeiss reading charts with a
reading distance of 40 cm. Values of vision are stated in
the decimal system for both UDVA and UNVA.

If we are to summarise our findings in one sentence,
then 77.4 % of eyes with an axial length of less than 22.5
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mm had uncorrected near visual acuity (UNVA) better
than 0.5, and 70.49 % of all evaluated eyes had UNVA
better than 0.5. UDVA of 1.0 or better in 97.54 % of eyes.
In this our results approach the results of eyes with an
implanted MF IOL [13,14].

2. Influence of eye position on UNVA

In the second study, we evaluated the influence of
eye position on UNVA (horizontal versus vertical) on the
same cohort. With the aid of correlation coefficients we
observed the relationship of keratometry in the centre
(KQ), keratometry in the visual axis (KVA), anterior cham-
ber depth (ACD) and axial length of the eye (AXL).

In the case of vertical eye position (visual axis directed
downward), UNVA was higher or the same as in horizon-
tal gaze direction. Average UNVA in a horizontal direc-
tion was 0.508, in a vertical direction 0.555. Within the
framework of the entire cohort, we determined a weak
correlation between UNV and KC, KVA and AXL. We re-
corded the largest change of visual acuity in eyes shorter
than and equal to 22.5 mm in length (p < 0.001, r =-0.39
for horizontal position, r = -0.45 for vertical eye position).
This was followed by eyes longer than 22.5 mm but shor-
ter than or equal to 23.5 mm (p < 0.001) and eyes with
AXL larger than 23.5 mm (p < 0.001).

Conclusion: We recorded a change of UNVA upon a
change of gaze in eyes of all different axial lengths (p
= 0.001), on average in all eyes from 0.51 to 0.5. The hi-
ghest attained average UNVA was in vertical position in
eyes shorter than and equal to 22.5 mm (0.58), followed
by eyes > 22.5 mm but shorter than or equal to 23.5 mm
(0.56), and eyes longer than 23.5 mm (0.52) [15].

We believe that in short eyes in which an IOL with hi-
gher optic power was implanted, the same value of its
shift in a direction towards the cornea generates higher
myopia than in the case of an IOL with lower optic power.

3. Influence of asphericity and chromaticity of

monofocal IOL on UNVA

Chromatic aberration may also stimulate pseudo-a-
ccommodation. SN6OWF and SN6AT IOLs should have
lower spherical aberration than conventional spheri-
cal IOLs, because they have an aspherical optic surface.
In addition to this, pseudo-accommodation should be
reduced in the case of these lenses due to their yellow
tint. It is therefore possible to expect that pseudo-accom-
modation shall be reduced in eyes that have implanted
aspherical or aspherical yellow I0Ls in comparison with
eyes with implanted spherical clear IOLs [16].

Nishi et al. also demonstrated lower pseudo-accom-
modation in the case of yellow aspherical lenses in com-
parison with spherical monofocal IOLs [17].

In another unpublished study, we focused on the in-
fluence of asphericity and chromaticity of IOLs on UNVA.
Again this concerned the same cohort of 122 eyes. Table 1.

Our results are also similar. With regard to the fact that
this does not concern an equal representation of all im-
planted IOLs for the individual eye lengths, it is not possi-
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Table 1. Division of cohort according to UNVA, eye length and implanted IOLs..

number of eyes
AXL under 22,5 22,5-23,5 over 23,5
UNVA SA MA SN SA MA SN SA MA SN
0,2 3 0 0 0 0 0 0 2 2
03 2 2 2 1 0 0 0 2 0
0,4 5 1 0 4 2 2 0 2 2
0,5 9 0 1 21 3 4 4 6 2
0,6 4 0 1 4 2 2 3 0
038 5 0 1 4 2 0 0 0 0
1,0 3 0 0 0 0 0 0 0
Total eyes 31 3 37 11 8 6 15 6
UNVA > 0,5 (%) 67 0 60 86,5 81 75 100 60 33
Table 2. Summary measured data (AXL - eye length, @ - pupil width, UNVA - uncorrected near visual acuity).
Right eye Left eye
D AXL Pupil g [mm] T AXL Pupil ¢ [mm] UNVA
[mml  distance near  difference [mm]  distance near difference

F-1947 22,58 3,16 2,56 0,60 0,8 22,64 3,28 2,52 0,76 08
F-1947 22,32 2,96 2,58 0,38 0,5 22,16 3,02 2,66 0,36 0,6
M-1968 21,46 3,28 2,86 0,42 0,6 21,50 3,30 2,98 0,32 0,6
F-1945 21,80 3,66 3,44 0,22 0,6 21,80 3,86 3,66 0,20 0,6
M-1956 22,81 3,98 2,88 1,10 0,6 22,81 4,04 3,06 0,98 0,6
F-1955 23,37 3,90 3,70 0,20 0,4 23,49 3,95 3,60 0,35 04
M-1945 22,51 1,90 1,54 0,36 0,6 22,50 2,14 1,68 0,46 0,6
F-1954 23,50 4,68 4,14 0,54 0,3 23,30 4,72 4,22 0,50 0,2
M-1949 23,88 5,32 4,56 0,76 0,5 23,92 5,54 4,94 0,60 0,5
M-1942 23,32 3,56 2,26 1,30 0,5 23,30 4,06 2,50 1,56 0,5
F-1950 22,81 6,26 3,96 2,30 0,5 22,87 6,86 3,88 2,98 0,6
F-1953 21,16 4,70 3,84 0,86 0,8 21,28 4,72 4,40 0,32 1,0
F-1949 22,64 3,80 3,60 0,20 0,4 22,85 3,80 3,60 0,20 0,4
F-1947 22,04 4,08 2,12 1,96 0,8 22,87 4,32 3,46 0,86 0,6
M-1936 22,94 5,06 4,66 0,40 0,5 22,95 4,90 2,25 2,65 0,5
F-1946 23,06 4,00 3,74 0,26 0,6 22,92 4,34 3,94 0,40 0,6
F-1936 22,64 4,74 4,72 0,02 0,6 22,85 4,94 4,90 0,04 0,6
F-1948 21,75 4,00 3,95 0,05 0,4 21,75 4,00 3,95 0,05 0,4
F-1945 22,58 4,00 3,80 0,20 0,4 22,14 4,00 3,80 0,20 0,4
F-1948 22,40 3,95 3,90 0,05 0,6 22,30 3,96 3,90 0,06 0,6

ble to accept these values as 100 %. Nevertheless, even
these relatively small numbers demonstrate excellent
results of UNVA with all types of used IOLs.

As regards the influence of coloured (yellow) and as-
pherical IOLs, we determined worse UNVA in comparison
with clear spherical I0Ls. UNVA better than 0.5 appeared
in the group with eyes shorter than or equal to 22.5 mm
in 67 % of cases, and with SN in 60 % (difference 7 %). In
medium-length eyes UNVA was better than 0.5 with an
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SA IOL in 86.5 % of cases, MA in 81 % and SN in 75 % of
eyes (average difference between SA and MA compared
with SN was 8.75 %). In eyes longer than 23.54 mm, UNVA
was better than 0.5 with SA in 100 % of eyes, with MA in
60 % and SN in 33 % of eyes (average difference between
SA and MA compared with SN was 47 %).

4. Influence of pupil width on UNVA
We included in the cohort 14 women with an average
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Table 3. Resulting values of Pearson correlation coefficient.
UNVA - uncorrected near visual acuity; axl — axial eye length;
delta - change of pupil diameter..

Pearson correlation coefficient

UNVA delta (/] @ near ax|

UNVA 1.00 0.13 -0.11 -0.23 -0.48
delta 0.13 1.00 0.49 -.030 0.22

@ distance  -0.11 0.49 1.00 0.69 0.31
@ near -0.23 -0.30 0.69 1.00 0.16
ax| -0.48 0.22 0.31 0.16 1.00

age of 71.1 years (64 to 83 years) and 6 men with an ave-
rage age of 69.6 years (51 to 83 years). In all subjects we
determined AXL, UNVA in horizontal eye position and
pupil width. This was measured with the aid of photo-
graphy of the eye from a distance of 40 cm in distance
gaze and then in near gaze. The measuring instrument
used was glasses with calibration at a distance of 1.5 cm
from the corneal apex. The delta of change was calcula-
ted from the difference in values. The measured values
are presented in table 2.

From the calculated values of the correlation coeffici-
ent (Table 3) we determined that UNVA showed a medi-
um dependency with axial length of the eye. The shorter
the eye, the better UNVA was. The relationship between
UNVA and the delta of change of pupil width showed a
very weak correlation. This means that pupil width did
not play a significant role in near vision.

Zeng et al. focused on the influence of pupil width,
conducting an analysis of 124 eyes with cataract, divided
into 3 groups according to implanted IOLs manufactured
by Alcon (monofocal spherical, monofocal aspherical and
multifocal). They did not determine statistically significa-
nt differences in visual acuity, pupil diameter and corneal
aberrations in IOL-corrected eyes. They demonstrated
higher spherical aberration in the case of multifocal I0Ls
in comparison with monofocal IOLs. With monofocal
IOLs, spherical aberration was higher in spherical than
aspherical IOLs. Contrast sensitivity was higher in mono-
focal spherical 10Ls in comparison with multifocal IOLs
(most pronouncedly in the spatial frequencies 3, 6, 12
and 18). Although multifocal IOLs can help attain better
near visual acuity, they lead to an increase of higher order
aberrations, and negatively influence contrast sensitivity
in the patient’s eye. Aspherical monofocal IOLs reduce
aberrations and improve contrast sensitivity in compari-
son with multifocal IOLs. The authors conclude the study
by stating that multifocal IOLs may provide better near

vision, but may increase higher order aberrations and ne-
gatively influence contrast sensitivity. An aspherical IOL
may reduce aberration and improve contrast sensitivity
in comparison with a multifocal IOL [3].

Our results are in accordance with the conclusions of
the above-stated studies that pupil width has no funda-
mental influence on UNVA.

5. Conclusions ensuing from the above overview

The first study demonstrated a dependency of eye len-
gth (largest in eyes shorter than 22.5 mm, r = 0.36) on
UNVA. 77.4 % of eyes with an axial length of less than
22.5 mm had UNVA better than 0.5, and 70.49 % of all
evaluated eyes had UNVA better than 0.5. Uncorrected
distance visual acuity (UDVA) was better than 1.0 in 97.54
% of eye throughout the entire cohort.
In the second study we determined a medium correlation
in eyes shorter than 22.5 mm with UNVA in horizontal po-
sition (r = 0.39), and in vertical position (r = 0.49). In these
eyes UNVA improved from 0.53 in horizontal position to
0.58 in vertical position.
The third study demonstrated the influence of sphericity
and chromaticity on UNVA. UNVA better than 0.5 was re-
corded in the group of eyes shorter than 22.5 mm in 67
% of eyes with SA I0L, and in 60 % with SN. In medium-
-length eyes UNVA better than 0.5 was recorded in 86.5 %
eyes with SA I0L, 81% with MA and 75 % with SN. In eyes
longer than 23.5 mm UNVA better than 0.5 was recorded
in 100 % of eyes with SA IOL, in 60 % with MA and 33 % of
eyes with NS.

In the fourth study no influence of pupil size was de-
monstrated on UNVA.

List of abbreviations
IoL intraocular lens
SA60AT monofocal, hydrophobic, single-piece,
spherical lens with diameter of optic part 6 mm
MA50BM monofocal, hydrophobic, three-piece,
spherical lens with diameter of optic part 6.5 mm
SN60WF monofocal, hydrophobic, single-piece,
aspherical, yellow lens with diameter
of optic part 6 mm

SN6AT  monofocal, hydrophobic, single-piece,
aspherical, yellow toric lens with diameter
of optic part 6 mm

UDVA uncorrected distance visual acuity

UNVA uncorrected near visual acuity

KC keratometry in centre

KVA keratometry in visual axis

ACD anterior chamber depth

AXL axial length of eye
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