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Abstract 
Purpose: To compare the impact of induced astigmatism with four different 
types of multifocal intraocular lenses (MIOLs). Method: Prospective, compa- 
rative, interventional, mono-centered study, including 80 eyes of patients with 
implantation of four different MIOLs: AcrySof ReSTOR +2.5 D (20 eyes), 
AcrySof ReSTOR +3.0 D (20 eyes), AcrySof Panoptix (20 eyes) (Alcon Labo- 
ratories, Inc., Fort Worth, TX, USA), and Tecnis Symfony ZRX00 (Abbott 
Medical Optics, Santa Ana, USA) (20 eyes). Patients were followed up for 3 
months after surgery. Major parameters were uncorrected (UDVA) and cor-
rected (CDVA) distance visual acuity, subjective refraction and patient satis-
faction. Results: Differences between IOLs with regard to the impact of the 
cylinder sign and axis on visual acuity and patient satisfaction were not sig-
nificant. With mild added negative cylinder, AcrySof ReSTOR +2.5 D and Tec-
nis Symfony IOLs maintained the baseline visual acuity, while it was mildly 
reduced with AcrySof ReSTOR +3.0 D and Panoptix IOLs. With moderate 
induced cylinder, the Tecnis Symfony IOL maintained good visual acuity and 
patient associated satisfaction. Panoptix IOL was the IOL most affected by the 
induced astigmatism with regard to dissatisfaction and visual acuity. The high-
est tolerance to the astigmatic distortion and blurriness induced with a −1.50 
D cylinder was obtained with the Tecnis Symfony IOL. Tecnis Symfony IOL 
showed less dissatisfaction and less reduction of visual acuity than the other 
MIOLs. Conclusion: Simulated residual cylinders after the implantation of 
the Tecnis Symfony IOL up to 1.0 D have a very mild and not clinically rele-
vant impact on visual acuity or patient satisfaction. The ERV IOL showed a 
better tolerance to unexpected postoperative residual errors than diffractive 
bifocal and trifocal IOLs. 
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1. Introduction 

Multifocal intraocular lenses (MIOLs) are a reliable method for the surgical cor-
rection of presbyopia [1]. Currently, physicians have the choice between differ-
ent optical designs. The most frequently used MIOLs are those based on a dif-
fractive platform that sends light to the retina with a predefined light distribu-
tion to different foci [2]. The first designs were bifocal which allowed the patient 
to obtain a postoperative functional distance and near vision [3] [4]. Since some 
years, diffractive MIOL based on three useful focal distances (trifocal diffractive 
technology) is available to overcome the low performance of bifocal IOLs at in-
termediate distance. However, the limitations of diffractive designs in terms of 
photic phenomena and contrast sensitivity have led to the development of re-
fractive MIOLs, such as rotationally asymmetric lenses that are able to provide a 
good visual performance with a higher percentage of transmitted light [5]. The 
extended range of vision (ERV) IOL is a new promising alternative to provide an 
effective and continuous range of optimum vision from far to near. This IOL is 
based on the combination of a diffractive pattern and the compensation for 
chromatic aberration and primary spherical aberration of the eye [6] [7] [8]. 

In spite of the well-known advantages of MIOLs, one major concern is the 
significant impact of residual astigmatisms on visual acuity (VA) and patient sa-
tisfaction. We have recently conducted a study to compare the impact of in-
duced astigmatism with four different types of MIOLs. 

2. Patients and Methods 

We performed a prospective, comparative, interventional and single-center 
clinical study that included 80 eyes of 80 patients undergoing cataract surgery or 
refractive lens exchange (RLE) with the implantation of four different IOLs: 
AcrySof ReSTOR +2.5 D (20 eyes), AcrySof ReSTOR +3.0 D (20 eyes), Acrysof 
Panoptix (20 eyes) (Alcon Laboratories, Inc., Fort Worth, TX, USA), and Tecnis 
Symfony ZRX00 (Abbott Medical Optics, Santa Ana, USA) (20 eyes). Only pa-
tients with significant bilateral cataract and/or seeking for spectacle independ-
ence and with a pre-existing corneal astigmatism of less than 1.00 D were in-
cluded in the study. Likewise, only those patients with a postoperative uncor-
rected distance visual acuity (UDVA) or corrected distance visual acuity (CDVA) 
equal or higher than 1.2 (decimal scale) were included. Patients with any signifi-
cant systemic diseases (diabetes, uncontrolled hypertension, etc.) were excluded, 
as well as eyes with any other pathology than cataract. These were the only in-
clusion and exclusion criteria. 

Patients were examined preoperatively and at 1 day, 1 month, and 3 months 
after surgery. Postoperatively, the refractive status was objectively assessed by 
means of the OPD Scan III device (Nidek Technologies, Gamagori, Japan). 
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UDVA, CDVA and subjective refraction at distance was evaluated under pho-
topic conditions (85 cd/m2) by an experienced practitioner using a phoropter. 
Once subjective refraction was measured and CDVA assessed as equal or better 
than 1.2, the experienced practitioner added cylinder lenses (0.25 D to 1.50 D in 
0.25 D steps, plus and minus values, 90 and 180 degrees) and measured CDVA 
again at each step. For each measurement, subjective patient satisfaction was as-
sessed by means of a color code (green = very satisfied; yellow = moderately sat-
isfied; orange = not satisfied; red = not at all satisfied). Correlation and multi-
variate regression analysis between the four groups was carried out using the 
specific function in an Excel software spreadsheet, to assess the impact of astig-
matism on both VA and patient satisfaction. 

The Restor +3.0 D (model SN6AD1) and the ReSTOR +2.5 D are aspheric bi-
focal IOLs that combine an apodized diffractive region and a refractive region 
(Alcon AcrySof IQ ReSTOR intraocular lens patient information brochure: Al-
con Inc. 2008). Both IOLs are made of the same hydrophobic acrylic material. 
The Restor +3 D IOL has nine concentric gradual diffractive steps from the cen-
tre to the periphery within the central 3.6 mm optical zone, providing a near add 
of +3.0 D at the lens plane and +2.3 D add at the corneal plane. 

PanOptix is an aspheric non-apodized diffractive trifocal IOL correcting for a 
corneal spherical aberration of −0.1 μm and made of the same material than 
AcrySof ReSTOR IOLs. It distributes light energy to three focal points under both 
small and large pupil conditions. It uses zero, second, and third non-sequential 
diffraction orders for obtaining the distance, intermediate (60 cm), and near foci 
(42 cm), respectively, and the energy at the first diffractive order is re-distributed 
to optimize the performance at the three other focal points. 

The Tecnis Symfony ZXR00 has an achromatic diffractive pattern that elon-
gates the range of vision of the eye and compensates for the chromatic aberra-
tion of the cornea. Specifically, the lens has a biconvex wave front-designed an-
terior aspheric surface and a posterior achromatic diffractive surface. It is made 
of a UV-blocking hydrophobic acrylic material. 

3. Results 

There was no difference between IOLs with regard to the impact of the cylinder 
sign and axis on visual acuity and patient satisfaction (r = 0.211). When the added 
cylinder was negative and equal or less than 0.50 D, AcrySof ReSTOR +2.5 D 
and Tecnis Symfony IOLs maintained the baseline visual acuity (1.2), while it 
was mildly reduced with the AcrySof ReSTOR +3.0 D and PanOptix IOLs from 
1.2 to 1.0 (Figure 1). 

If the induced cylinder was −1 D, the Tecnis Symfony IOL still achieved a 
good visual acuity (0.8) (Figure 1), with a high level of associated satisfaction 
(Table 1). Likewise, both AcrySof ReSTOR IOLs showed a moderate reduction 
of VA (0.7) and some degree of dissatisfaction with −1 D of cylinder. On the 
contrary, PanOptix IOL was the IOL most affected by the induced astigmatism, 
showing the highest level of dissatisfaction and a significant lowering of visual  
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Figure 1. Visual acuity with the four MIOLs after the induction of different values of negative cylinder. Values are 
reported as median ones. 

 
Table 1. Patient satisfaction scores with the four MIOLs after the induction of different 
values of negative cylinder (green = very satisfied; yellow = moderately satisfied; orange = 
not satisfied; red = not at all satisfied). Values are reported as median, with range in 
brackets. 

Minus values −0.25 D −0.50 D −0.75 D −1.00 D −1.25 D −1.50 D 

ReSTOR 3.0 1.2 (1.1 - 1.2) 1.0 (0.9 - 1.2) 0.8 (0.7 - 1.0) 0.7 (0.6 - 0.7) 0.6 (0.6) 0.6 (0.6 - 0.6) 

ReSTOR 2.5 1.2 (1.2) 1.2 (1.0 - 1.2) 0.8 (0.7 - 1.0) 0.7 (0.7) 0.7 (0.6 - 0.7) 0.6 (0.5 - 0.7) 

PanOptix 1.1 (1.1 - 1.2) 1.0 (0.9 - 1.0) 0.7 (0.7 - 0.8) 0.6 (0.5 - 0.7) 0.5 (0.5 - 0.6) 0.5 (0.4 - 0.5) 

Symfony 1.2 (1.2) 1.2 (1.2) 1.0 (0.8 - 1.0) 0.8 (0.7 - 0.9) 0.7 (0.6 - 0.8) 0.7 (0.6 - 0.7) 

 
acuity (0.6) (Figure 1). The highest tolerance to the astigmatic distortion and 
blurriness induced with a −1.50 D cylinder was obtained with the Tecnis Sym-
fony IOL. In this situation, this IOL was still able to provide a good visual acuity 
(0.7) and a moderate patient satisfaction (Figure 1 and Table 1). 

These results are very similar if the sign of the induced astigmatism was posi-
tive (Figure 2 and Table 2). Only a higher level of relevant dissatisfaction and an 
earlier impact on visual acuity have been detected with this type of cylinder in-
duction. Specifically, with an induced cylinder of +1.0 D, both bifocal AcrySof 
IOLs showed a reduction in visual acuity from baseline to 0.6, and the PanOptix 
IOL from baseline to 0.5. The level of dissatisfaction was very high in all cases. 
Only the Tecnis Symfony IOL was able to show an only moderate dissatisfaction 
and a lower reduction in visual acuity (from baseline to 0.7) (Figure 2 and Table 
2). Overall, The Tecnis Symfony IOL was less correlated to decreased VA and 
reduced patient satisfaction (r = 0.411) than the AcrySof ReSTOR 2.5 D (r = 
0.501), the AcrySof ReSTOR 3.0 D (r = 0.505) and the AcrySof PanOptix (r = 
0.654). Significance was found only between the Tecnis Symfony and the Acry-
Sof PanOptix IOLs. 
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Figure 2. Visual acuity with the four MIOLs after the induction of different values of positive cylinder. Values are 
reported as median ones. 

 
Table 2. Visual acuity and patient satisfaction scores with the four MIOLs after the in-
duction of different values of positive cylinder (green = very satisfied; yellow = moder-
ately satisfied; orange = not satisfied; red = not at all satisfied). Values are reported as 
median, with range in brackets. 

Plus values +0.25 D +0.50 D +0.75 D +1.00 D +1.25 D +1.50 D 

ReSTOR 3.0 1.1 (1.1 - 1.2) 1.0 (0.9 - 1.2) 0.7 (0.7 - 0.9) 0.6 (0.6 - 0.7) 0.5 (0.5 - 0.6) 0.5 (0.4 - 0.5) 

ReSTOR 2.5 1.2 (1.2) 1.0 (1.0 - 1.2) 0.8 (0.7 - 1.0) 0.6 (0.6 - 0.7) 0.6 (0.5 - 0.6) 0.6 (0.5 - 0.6) 

PanOptix 1.1 (1.0 - 1.2) 1.0 (0.9 - 1.0) 0.7 (0.6 - 0.8) 0.5 (0.5 - 0.7) 0.5 (0.5 - 0.6) 0.5 (0.4 - 0.5) 

Symfony 1.2 (1.2) 1.2 (1.2) 1.0 (0.8 - 1.0) 0.7 (0.7 - 0.9) 0.7 (0.6 - 0.8) 0.6 (0.6 - 0.7) 

4. Discussion 

Regardless of the type of MIOL, one of the major concerns for surgeons is the 
presence of residual astigmatism that is considered a source of dissatisfaction af-
ter the implantation of a MIOL [8]. Small amounts of astigmatism may limit the 
visual performance significantly [9]. Thus, so far, astigmatism had to be com-
pletely corrected in order to obtain the maximum efficiency of a MIOL [10]. To 
the best of our knowledge there is a lack of scientific evidence about the impact 
of residual astigmatism with IOLs based on different optical designs. The pur-
pose of our study was the assessment of the astigmatism threshold for different 
presbyopia correcting IOLs, and the impact on patient satisfaction. 

In our study, no significant differences between with-the-rule and against-the- 
rule induced astigmatism were found. All the studied MIOLs provided excellent 
visual acuities with induced cylinders of up to 0.50 D, with both minus and plus 
sign. When cylinder values higher than 0.50 D were added, the impact on visual 
acuity depended on the type of IOL, with greater impact on positive additions 
than on negative. Likewise, satisfaction scores dropped significantly when cylin-
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ders equal or higher than 1.0 D were added. It should be considered that MIOLs 
distribute light to two or more foci and this distribution may be distorted or al-
tered by the presence of the asymmetric light distribution generated by an un-
corrected astigmatism. 

The ERV IOL seemed to be the least sensitive to induced blurriness with re-
gard to visual acuity and satisfaction scores. The acceptable threshold of induced 
astigmatism was found to be 1.0 D. It should be considered that the ERV IOL 
does not distribute light to distinct foci but provides a continuous range of vi-
sion. The behaviour of both bifocal IOLs is very similar, although AcrySof Re-
STOR +2.50 D IOL seemed to be slightly less sensitive to induced astigmatism 
than AcrySof ReSTOR +3.0 D. For both IOLs an acceptable threshold of induced 
astigmatism of 0.75 D was found. The trifocal IOL was the most sensitive in 
terms of reduction of visual acuity and patient satisfaction when adding a cylin-
der. The acceptable threshold was found to be 0.50 D. Therefore, the residual 
astigmatism seems to have more impact on visual performance when the MIOL 
distributes light to a larger number of foci. 

5. Conclusion 

In summary, simulated residual cylinders after the implantation of the Tecnis 
Symfony IOL up to 1.0 D have a very mild and not clinically relevant impact on 
visual acuity or patient satisfaction. Thus, the ERV IOL shows a better tolerance 
to unexpected postoperative residual errors than diffractive bifocal and trifocal 
IOLs. 
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