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1. Introduction
Significant technical advances in ophthalmology have led 
cataract surgeries to evolve into refractive procedures. 
Increased life expectancy has brought more people with 
cataracts to consult their physicians regarding surgeries; 
this has enabled satisfactory vision without the need 
for spectacles. One of the most important reasons why 
monofocal intraocular lenses (IOLs) cannot mimic human 
crystalline lens entirely is their inability to accommodate. 
Postoperatively, while distance vision can be made clear, 
reading vision is compromised. To this end, multifocal 
IOLs offer an alternative for people seeking independence 
from spectacles (1–3). 

In this study, we evaluated clinical results and optical 
performances of four different multifocal IOLs. Eyes that 
received Acrysof ReSTOR SN6AD3 (Alcon Laboratories), 
Acri.LISA 366D (Carl Zeiss Meditec AG), Acriva Reviol 

MFM 611 (VSY Biotechnology), and Acriva Reviol MFB 
625 (VSY Biotechnology) IOLs were investigated in the 
present study. The main properties of the IOLs are shown 
in Table 1. 

2. Materials and methods
The study was approved by the hospital’s ethics committee 
and was performed in accordance with the ethical 
principles as described in the Declaration of Helsinki.

In the scope of this retrospective study, charts of 90 
eyes of 51 patients who received multifocal IOLs between 
October 2007 and July 2011 in Ataturk Training and 
Research Hospital were evaluated. 

Patients who had previous eye surgery or eye diseases 
that could affect the final visual acuity like glaucoma, 
amblyopia, retinal or corneal pathologies, or corneal 
astigmatism higher than 1.00 D were excluded from 
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the study. In addition, patients needing high contrast 
sensitivity (CS) for their occupation and people with 
meticulous personality were precluded since multifocal 
lens implantation is contraindicated in such patients. All 
patients enrolled in this study met the inclusion criteria 
and signed an informed consent agreement before any 
procedure was performed.

Thirty-nine patients underwent binocular surgery and 
12 patients had unilateral cataract surgery. Sixteen patients 
had bilateral and 3 eyes had unilateral Reviol MFM 611 
IOL, 14 eyes of 7 patients had Reviol MFB 625 IOL, 10 
patients had bilateral and 8 had unilateral Acri.Lisa IOL, 
and 6 had bilateral and 1 had unilateral ReSTOR SN6AD3 
IOL implantation.

Cataract hardness was assessed using the Lens Opacities 
Classification System III (LOCS III) scale (4). All eyes had 
group 2 to 4 nuclear or corticonuclear cataracts.

Keratometric evaluation, corrected distance and 
uncorrected distance visual acuity (CDVA, UDVA) 
measurement, detailed biomicroscopy, applanation 
tonometry, and funduscopic examination after dilation 
were performed with each patient preoperatively. Corneal 
toricity was measured using Keratron Scout corneal 
analyzer (Optikon 2000 SpA). The immersion method 
(Cinescan Ultrasound, Quantel Medical) was preferred for 
IOL power assessment.

A standard dilation regimen of cyclopentolate 
hydrochloride (1.0%), phenylephrine hydrochloride 
(2.5%), and ketorolac tromethamine (0.5%) were used 
preoperatively. All of the surgeries were performed 
by two experienced surgeons (İC, TT) using the same 
phacoemulsification system (Infiniti Vision Systems, 
Alcon Laboratories Inc.). Any perioperative complication 
was noted.

UDVA and CDVA were determined by the Early 
Treatment Diabetic Retinopathy Study (ETDRS) charts 
on day 1, week 1, month 1, month 3, and month 6 exams 
and transformed into logMAR units for statistical analysis. 
Distance-corrected near and intermediate visual acuities 
(DCNVA, DCIVA) were obtained using the Jaeger scale. 
Postoperative complications such as anterior chamber 
reaction, posterior capsular opacification (PCO), 
decentralization of the IOL, and tilt were recorded. CS 
measurement was performed on the 3rd month visit with 
and without a glare source (CSV 100E, Vector Vision) 
under mesopic conditions. Halo and glare incidence, as 
well as patient satisfaction, were investigated. 

3. Statistical analyses
Data analyses were done by SPSS, for Windows, version 
11.5. The Shapiro–Wilk test for normality was used to 
investigate the distribution of constant variables. Kruskal–
Wallis, Conover’s nonparametric, Pearson’s chi-square, 

Fisher’s exact t, and Wilcoxon’s signed rank tests were 
used. P values less than 0.05 were considered significant. 
In all multiple comparisons, in order to control type 1 
error, Bonferroni correction was performed.

4. Results
The mean follow-up period of the patients was 10.4 ± 1.2 
months (min: 6 max: 12). The average age of the patients 
was 52.3 ± 12.6 (min: 22 max: 75). Forty-nine percent of 
the patients (n = 25) were male, whereas 51% were female 
(n = 26). There was no statistical difference between the 
groups in terms of age and sex distribution (P = 0.492 and 
P = 0.810, respectively).

Mean preoperative UDVA of the patients was 0.38 ± 
0.23 (0.54 ± 0.41 logMAR) and CDVA was 0.59 ± 0.29 
(0.30 ± 0.33 logMAR). There was no statistical difference 
between the groups for UDVA and DCVA (P = 0.073 and 
P = 0.369, respectively). 

The mean keratometric difference of the eyes was 0.6 
± 0.3 D preoperatively. The difference between the groups 
was statistically insignificant (P = 0.288). Groups were 
similar in terms of axial length, IOL power, and cataract 
hardness (P = 0.6 08, 0.345, and 0.051, respectively). 

There was one posterior capsular rupture and 3 iris 
prolapse in the Reviol MFM 611 group. In the Reviol MFB 
625 group, one case had an irregular capsulorrhexis. One 
case had a small posterior capsular rupture and 2 had 
iris prolapse in the Acri.LISA group. No complication 
occurred in the ReSTOR group. No vitreous loss was seen 
in these cases and all of the IOLs could be centralized in 
the bag.

Six months following surgery, the mean UDVA of the 
patients was 0.81 ± 0.19 (0.1 ± 0.11 logMAR), whereas 
the mean DCVA was 0.96 ± 0.12 (0.01 ± 0.03 logMAR). 
Postoperative increase in UDVA was statistically 
significant in all groups (Table 2). When in-group 
changes were evaluated, the difference between the pre- 
and postoperative UDVAs and CDVAs were statistically 
insignificant (P = 0.261 and P = 0.159, respectively). 

When intermediate visual acuities were evaluated, the 
Reviol MFM 611 group was found to have more cases 
reading J 1 and 2 compared with the Acri.LISA group. 
In the 6 month follow-up period, the difference between 
Acri.LISA and the other groups was significant (Table 3). 
No significant difference was found in terms of DCNVA 
and uncorrected near visual acuities (Table 3). 

All of the cases were within ± 0.75 D emmetropia on 
month 1 and month 6 postoperative examinations. The 
change between the groups between month 1 and month 
6 was insignificant. 

There was no significant difference between the groups 
in terms of CS with or without a glare source under 
mesopic conditions. CS results can be seen in Figure 1.
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Table 1. Properties of IOLs.

Parameters
ReSTOR SN6AD3
(Alcon Inc.)

Acri.LISA 366D
(Carl Zeiss Meditec)

Acriva Reviol MFM 611
(VSY Biotechnology)

Acriva Reviol MFB 625
(VSY Biotechnology)

Profile Aspheric Aspheric Aspheric Aspheric

Addition (Lens plane) (D) +4.00 +3.75 +3.75 +3.75

Addition
(Spectacle plane) (D)

+3.20 +3.00 +3.00 +3.00

Power range (D) +10.00 to +30.00 0 to +32.00 0 to +45.00 0 to +45.00

Material Hydrophobic acrylate
Hydrophilic acrylate
Hydrophobic surface

Hydrophilic acrylate
Hydrophobic surface

Hydrophilic acrylate
Hydrophobic surface

Optical zone (mm) 6.0 6.0 6.0 6.0

Diameter (mm) 13.0 11.0 11.0 12.5

Haptic design Stableforce modified L Plate Plate Balance modified C 

A constant 118.9 117.8 118.0 118.0

Blue filter Yes No No No

Light distribution 40% to 90% to distant focus
65% far
35% near

60% far
40% near

60% far
40% near

Spherical aberration 
control (µm)

–0.10 –0.160 –0.165 –0.165

Group 1: Reviol MFM 611, Group 2: Reviol MFB 625, Group 3: Acri.Lisa 366D, Group 4: ReSTOR SN6AD3.

Table 2. Preoperative and month 6 UDVAs and DCVAs.

Preoperative month 6 

UDVA LogMAR

Group I (n = 35) 0.4 (0.2–2.0)A 0.1 (0.0–0.5)A

Group II (n = 14) 0.7 (0.0–2.0)A 0.05 (0.0–0.3)A

Group III (n = 28) 0.3 (0.0–1.0)A 0.1 (0.0–0.4)A

Group IV (n = 1 3) 0.5 (0.0–1.3)A 0.1 (0.0–0.4)A

DCVA LogMAR

Group I (n = 35) 0.1 (0.0–1.0)A 0.0 (0.0–0.5)A

Group II (n = 14) 0.35 (0.0–2.0) 0.0 (0.0–0.0)

Group III (n = 28) 0.2 (0.0–1.0)A 0.0 (0.0–0.2)A

Group IV (n = 13) 0.3 (0.0–1.3) 0.0 (0.0–0.1)

Group 1: Reviol MFM 611, Group 2: Reviol MFB 625, Group 3: Acri.Lisa 366D, Group 
4: ReSTOR SN6AD3. 
A = difference between day 0 and month 6 is significant according to Bonferroni 
correction (P < 0.0042).
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During the follow up period, PCO was observed in 
20 cases. Only 3 cases had significant opacification that 
necessitated Nd-YAG laser capsulotomy. There was no 
significant difference in terms of PCO formation between 
the groups (Table 4).

At month 6, halo and glare incidence and quality of 
vision were investigated. Halo and glare rates are shown in 
Table 4; they were similar between the groups.

 Two cases from the Acri.LISA group needed spectacles 
for computer use and 1 from ReSTOR needed eyeglasses 
for distance vision. All of the patients reported that they 
would recommend this surgery to a relative.

5. Discussion
Reading is an indispensable part of modern life. Many 
studies show that losing near vision diminishes quality 
of life (5–8). To address this issue a lot of effort has 
been focused on the development and improvement 
of cataract surgery techniques and IOL designs, as well 
as the introduction of various multifocal implants. In 
our clinic, patients who desire complete independence 
from spectacles and meet the criteria for multifocal 
IOL implantation have been receiving these IOLs since 
2007. Various implants with different surface and design 
properties have been used. 

Table 3. Month 1 and month 6 uncorrected and distance corrected intermediate and 
near visual acuities.

1 month 6 months

Uncorrected Intermediate VA ³ J3

Group I (n = 35) 4 (11.4%)B 0 (0%)B

Group II (n = 14) 4 (28.6%) 3 (21.4%)C

Group III (n = 28) 15 (53.5%)B 19 (67.8%)BCD

Group IV (n = 13) 4 (30.7%) 3 (23.1%)D

P value A 0.002 <0 .001

Corrected Intermediate VA ³ J3

Group I (n = 35) 4 (11.4%) 0 (0%)B

Group II (n = 14) 1 (7.1%) 0 (0%)C

Group III (n = 28) 10 (35.7%) 11 (39.3%)BC

Group IV (n = 13) 3 (23.1%) 1 (7.7%)

P value A 0.043 < 0.001

Uncorrected near VA ³ J3

Group I (n =35) 1 (2.8%) -

Group II (n =14) 1 (7.1%) -

Group III (n = 28) 1 (3.6%) 1 (3.6%)

Group IV (n = 13) 1 (7.7%) -

Corrected near VA ³ J3

Group I (n = 35) 1 (2.8%) -

Group II (n = 14) 1 (7.1%) -

Group III (n = 28) 1 (3.6%) 1 (3.6%)

Group IV (n = 13) 1 (7.7%) -

Group 1: Reviol MFM 611, Group 2: Reviol MFB 625, Group 3: Acri.Lisa 366D, Group 
4: ReSTOR SN6AD3
A= the Bonferroni correction, P < 0.025, was significant.
 B = the difference between Group I and III was significant (P < 0.001). 
C = the difference between Group II and III was significant (P < 0.01). 
D = the difference between Group III and IV was significant (P < 0.001).



601

BOSTANCI CERAN et al. / Turk J Med Sci

The ReSTOR SN6AD3 IOL combines apodized 
diffractive and refractive technology for near and far 
vision. Rodriguez et al. (9,10) showed that it protects the 
retina from the short wavelength light without affecting CS 
and chromatic aberrations through its blue light-filtering 
surface.

In a study by Alfonso et al. (11), the BCVA of ReSTOR 
SN6AD3 patients 3 months postoperatively was 0.05 ± 
0.09 logMAR and all of the cases had 20/25 VA and more; 
these results were similar to our findings. 

Multifocal IOL implanted patients are reported to 
have difficulty in intermediate vision (84). Another study 
by Alfonso et al. (12) compared DCIVA of patients who 
received m-IOLs with low addition to high addition 
m-IOLs and reported a higher DCIVA. All patients with 
SN6AD3 IOL had 20/25 and higher DCIVA in that study. 

Acri.LISA 366D IOL is an aspherical biconvex 
refractive diffractive lens whose diameter is the same as 
that of ReSTOR. Alfonso et al. (13) showed the BCVA and 
DCNVA of the cases to be 0.89 ± 0.77 and 0.96 ± 0.88, 

Spatial frequency–(cycles per degree) Spatial frequency–(cycles per degree)

Figure 1. Contrast sensitivity results of the patients without and with the glare source under mesopic 
conditions.

Table 4. PCO, halo, and glare rates.

PCO Halo Glare 

Group I (n = 35) 7 (20.0%) 10 (28.6%) 8 (22.9%)

Group II (n = 14) 4 (28.6%) 4 (28.6%) 4 (28.6%)

Group III (n = 28) 7 (25.0%) 7 (25.0%) 6 (21.4%)

Group IV (n = 13) 2 (15.4%) 4 (30.8%) 1 (7.7%)

P value 0.845 0.980 0.522

Group 1: Reviol MFM 611, Group 2: Reviol MFB 625, Group 3: Acri.Lisa 366D, Group 
4: ReSTOR SN6AD3.
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respectively, and Kaymak and Mester (14) reported BCVA 
and DCNVA of 1.17 ± 0.81 and 0.91 ± 0.74, respectively. 
The BCVA of our patients was 0.98 ± 0.05. Furthermore, 
96.2% of the patients had J 2 or 1 DCNVA. 

Acriva Reviol MFM 611 IOL has similar properties 
to those of Acri.LISA IOL, but differs by its spherical 
aberration control, number of diffractive rings, and 
light distribution. In a previous study from our clinic 
we demonstrated that, through its soft transition steps, 
all patients had J 2 or 1 DCIVA and DCNVAs were also 
satisfactory (15).

Acriva Reviol MFB 625 is an IOL with balance modified 
haptics. Light distribution, aberration control, and number 
of rings are similar to the MFM 611 model. The target 
of balance modified haptics is preventing postoperative 
posterior capsular contraction. 

The results of a multicenter trial regarding this m-IOL 
were presented by Akova et al. (16) at the European 
Society of Cataract and Refractive Surgeons’ meeting in 
2012. Binocular UCVA, DCVA, UNVA, DCNVA, UIVA, 
and DCIVA were respectively determined as 0.92 ± 0.2; 
1 ± 0.1; J 1.1 ± 0.3; J 1 ± 0.3; J 1.16 ± 0.5, and J 1.1 ± 0.4. 
Furthermore, they reported a PCO rate of 3.33% at the 
postoperative 6-month visit; only 0.4% of the patients had 
nd:YAG laser (16).

Preoperative astigmatism is an important measure 
for the m-IOL decision. There are a number of studies 
investigating the effect of cylindrical power in m-IOL 
implanted eyes. Ravalico et al. (17) reported lower visual 
quality in eyes having more than 1.0 D cylinder. Dick et al. 
(18) reported more halo in a similar group.

One of the reasons for the satisfactory postoperative 
visual acuity in our study may be due to excluding the 
cases over 1.0 D astigmatism for m-IOL implantation. 

CS results of m-IOLs are reported to be in between 
normal ranges, but slightly lower than eyes having 
monofocal IOLs. The reason for the diminished CS is 
distribution of the light energy in two or more focal points. 
According to the multifocality principle, nonfocal images 
are reflected over the main focal image and decrease CS 
(19).

Alio et al. (20) evaluated quality of life of multifocal 
and monofocal IOL-implanted patients and reported that 

the decrease in CS in the multifocal group was viewed by 
patients (and surgeons) as acceptable sacrifice in exchange 
for improved near vision.

Vingolo et al. (21) compared halo and glare incidence 
in patients with multifocal and monofocal IOLs. According 
to their study, 22% of the multifocal IOL group and 15% of 
the monofocal group had the halo symptom, while 28% of 
each group had glare. 

Thirteen patients with unilateral cataracts received 
multifocal IOLs in our clinic. All of the patients were in 
the prepresbyopic age group and the lens in the other eye 
of each of these patients was clear. There are a number of 
studies reporting satisfactory results of unilateral multifocal 
IOL implantation; however, binocular summation loss is 
shown to be a disadvantage (22,23). 

Moreover, unexpected satisfactory stereopsis results 
were obtained in a similar group of patients and no 
statistical differences were reported between such cases 
and monofocal IOL implanted eyes (24). 

All of the patients with unilateral multifocal IOLs 
had 20/20 visual acuity in the 6-month postoperative 
period. None of the patients needed spectacles for 
near, intermediate, or distance vision. Only one patient 
reported mild glare. Cionni et al. (25) reported less glare 
in patients with unilateral multifocal IOLs compared with 
patients with bilateral implants, though this difference was 
insignificant. 

None of the patients had any early or late postoperative 
complication that would necessitate IOL explantation. 
Careful patient selection for multifocal IOL implants plays 
an important role here. All of the patients were informed 
about the possible unwanted visual symptoms such as halo 
and glare that might occur after the surgery. Evaluation 
of the patient’s occupation, life style, and habits, as well 
as their personality is important before multifocal IOL 
decision. 

When the results of multifocal IOL implantation in 
our clinic were evaluated, it was seen that by the help of 
advanced technology, IOL designs have evolved to increase 
patient satisfaction and visual quality. For patients who 
meet the criteria for multifocal IOL implantation and are 
interested to have independence from spectacle, these 
lenses provide satisfactory and safe results. 
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