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Abstract: This study compares a standard monofocal intraocular lens (IOL) with two rotationally 

asymmetric refractive multifocal IOLs, analyzing power profiles and wavefront data across three 

nominal powers. Tested IOLs included monofocal Acunex AN6 and multifocal AN6V (addition 

+1.50 D) and AN6VM (addition +3.00 D) by Teleon Surgical, at powers +10.00 D, +20.00 D, and +30.00 

D. Using NIMO TR1504, power profiles, spherical aberration, and coma were analyzed. Multifocal 

lenses displayed an asymmetrical design, with zones for far and near vision and a central notch for 

far power. The multifocal AN6V and AN6VM showed neutral spherical aberration in the center, 

increasing to positive values, and finally achieving negative values towards the periphery. The ver-

tical coma coefficient [Z(3:−1)] remains almost stable for the monofocal IOLs. The lower-addition 

multifocal IOLs induce primary vertical coma of +0.11 microns at 3 mm away from the lens center 

compared to +0.21 microns obtained with the high-addition lens. We can conclude that the multifo-

cal AN6V and AN6VM lenses display an asymmetrical design. The final addition provided by these 

lenses depends on its nominal power. The variation of SA with optic size is more pronounced for 

the monofocal model, and it is dependent on the nominal power. 

Keywords: multifocal intraocular lens; rotationally asymmetric refractive lens; presbyopia;  

spherical aberration 

 

1. Introduction 

Multifocal intraocular lens (IOL) designs are continually evolving, along with in-

creasing demand from patients seeking spectacle independence [1]. Therefore, manufac-

turers follow different strategies to reach a greater number of patients while minimizing 

the adverse effects intrinsic to some designs, such as halos or dysphotopsia. 

In the final process of selecting the IOLs, it is the ophthalmologist who must decide 

which lens is most suitable for each patient. To do so, they must analyze both the clinical 

characteristics of the patient and their demands and expectations for the lens surgery. 

However, access to technical information on the IOLs is often limited due to patent pro-

tection, copyright issues, or manufacturer decisions. To make the most appropriate selec-

tion possible, the ophthalmologist must have access to all the relevant technical infor-

mation. 

Some laboratories manufacture IOLs with different optical design based on the same 

platform. As an example, the Acunex AN6, AN6V, and AN6VM intraocular lenses man-

ufactured by Teleon Surgical (Spankeren, The Netherlands) are three IOLs based on the 
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same platform, including a standard monofocal design (AN6) and two multifocal designs, 

one with low addition (AN6V, with +1.50 D addition) and one with high addition 

(AN6VM, with +3.00 D addition). These lenses were recently marketed and manufactured 

in hydrophobic material, with an optical design reminiscent of the Lentis Mplus lenses 

(Oculentis GmbH, Berlin, Germany) [2,3]. 

The Acunex hydrophobic multifocal lenses feature refractive optics with a sector-

shaped near vision segment with different additions. However, the addition’s presenta-

tion in a sector shape causes the lens to have an asymmetric geometry that can affect ab-

errations. Therefore, the position of the lens, and the patient’s pupil size can significantly 

affect the final visual result [4–6]. 

The purpose of this study is to provide laboratory-independent technical information 

on the Acunex IOL family by comparing three different designs of IOLs with identical 

platform and material, using analysis on an optical bench. The radial profiles and high-

order aberrations (HOA) will be analyzed, paying special attention to spherical aberration 

and coma. Additionally, it will be evaluated whether the nominal power of these IOLs 

affects the add power that can be obtained with these designs by assessing three different 

nominal powers (+10.00 D, +20.00 D, and +30.00 D). 

2. Materials and Methods 

This study was conducted at the laboratory facilities of the Optics and Optometry 

Faculty of the Universidad Complutense de Madrid, Spain, under stable conditions of 

temperature and humidity. 

2.1. Intraocular Lenses 

Acunex (Teleon Surgical, Spankeren, Netherlands) is a family of one-piece posterior 

chamber IOLs based on a proven hybrid biomaterial platform that is hydrophobic and 

FDA-certified as glistening-free. The Acunex lenses have a step-vaulted C-loop design, an 

optical diameter of 6.0 mm, and an overall diameter of 12.5 mm. The UV-absorbing mate-

rial, with a water content of 4%, has a high refractive index of 1.54, and a blue light filter 

is incorporated. 

According to the manufacturer, the monofocal Acunex IOL (AN6) [7] has an aspher-

ical posterior surface. The lens introduces a spherical aberration of −0.13 µm at an unspec-

ified optical zone. The multifocal IOLs, the AN6V [8] and AN6VM [9] models, have a sec-

tor-shaped near vision segment on the anterior surface, with an aspherical posterior sur-

face and neutral spherical aberration, also at an unspecified location. The AN6V model is 

described as an EDOF lens, providing an addition of +1.50 D, while the AN6VM model is 

described as a varifocal lens with an addition of +3.00 D. 

2.2. Optical Bench 

The optical bench used in this study was the NIMO TR1504 deflectometer, marketed 

by Lambda-X (Nivelles, Belgium). This device can be used to measure and analyze the 

refractive power and full wavefront aberrations of monofocal, toric, and multifocal IOLs. 

The deflectometer combines the Schlieren principle and traditional phase shifting to meas-

ure the ray deflection map of a lens, and then compute the wavefront at the lens exit and 

the corresponding power map [10]. Wavefront is expressed as a combination of the first 

105 Zernike polynomials. The measurement light source exhibits a peak radiance at 546 

nm. 

The main quantity measured in this study were the radial power profiles expressed 

in diopters, the root mean square (RMS) of total high-order aberrations (HOAs) expressed 

in microns (from the third to thirteenth order), the spherical aberration and the coma, due 

to the design of these lenses, and the Zernike coefficient values related to the spherical 

aberration [from Z(4:0) to Z(8:0)] expressed in microns, for different optical diameters. 
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Aberrations were studied for 3 mm and 4.5 mm, since those are currently used in the lit-

erature as they correspond to typical pupil sizes under photopic (3.00 mm) and mesopic 

(4.5 mm) lighting conditions. 

The measurement protocol used followed the same procedure as described by 

Gomez-Pedrero et al. [11] for intraocular lenses. It involved conducting 10 measurements 

for each evaluation without the use of filters, considering the lenses as thin lenses. 

To prevent surface deformation and dehydration during measurements, IOLs were 

immersed in a saline solution, with refractive index = 1.334, in a quartz cuvette devoid of 

aberrations. 

Figure 1 shows a picture of the +20.00 D AN6VM IOL as seen inside the NIMO cu-

vette (left side). A vertical dashed line has been added to the IOL image in Figure 1 to 

indicate the IOL axis of symmetry along which data was obtained to depict power profiles 

(left side). A picture of the cuvette containing the lens and positioned for measurement 

can be seen in the right side of Figure 1. 

 

Figure 1. Image of the Acunex multifocal lens measured on the optical bench (left side). The near 

power zone is located at the bottom, while the distance power zone is at the top and centered within 

the notch. The vertical dashed line symbolizes the axis of symmetry, along which data was collected 

to illustrate power profiles. The cuvette with the lens inside in measurement position (right). 

3. Results 

Figure 2 shows the mean radial profiles along the axis of symmetry of the lens (shown 

in Figure 1) obtained from 10 measures for each of the Acunex IOLs used in the study. 

The monofocal IOL (AN6) is represented by a solid red line, while the multifocal models 

are represented by solid green (AN6V) and blue (AN6VM) lines. The left part in Figure 2 

corresponds to the lower half of the lens (containing the near power zone) when it is po-

sitioned for implantation (with the add at the bottom), while the right part corresponds to 

the upper half of the lens (containing the far power zone). 
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Figure 2. Radial power profiles for the three IOL models (AN6, AN6V, AN6VM) and for the three 

measured nominal powers (+10.00 D up, +20.00 D middle, +30.00 D bottom). The left part corre-

sponds to the near power zone while the right part corresponds to the far power zone. Horizontal 

black solid lines represent the nominal power for each of the IOLs. Horizontal green dashed lines 

represent +1.50 D addition from the nominal power. Horizontal blue dashed lines represent +3.00 D 

addition from the nominal power. Vertical black dashed lines represent the optic center of the IOLs. 

As can be seen from Figure 2, the three IOLs have similar far power distribution (right 

side of the graphs), with slight differences towards the periphery of the optics. The mon-

ofocal model shows a radial power equal to the nominal power for around the central 2 

millimeters of the IOL optic, with a posterior decrease in refractive power towards the 

IOL periphery, consistent with a negative spherical aberration. The multifocal models are 

more constant in the far power distribution (right side of the graphs in Figure 2), with 

almost the same radial power as the nominal power up to the periphery of the far portion 

of the optics. 

In the case of multifocal models, it can be seen from Figure 2 that the far power of the 

lens does not exactly restrict to the right side of the graphs, but extents to around the first 

0.12 mm of the left side, that is, the near zone begins 0.12 mm below de IOL center. This 

fact is in perfect concordance with the central notch in the near addition segment shown 

in Figure 1. 

The left side of the graphs (near vision) shows significant differences between the 

monofocal and multifocal models. As mentioned above, for the AN6V and AN6VM, the 

increase in power for near vision occurs not exactly from the center of the lens (x = 0 mm), 

but approximately 0.12 mm below the optical center (x = −0.12 mm), with a “two-step 

behavior”: an initial increase of half the addition in power from approximately x = −0.12 

mm to x = −0.50 mm, and a posterior increase from approximately x = −0.50 mm to x = 

−0.75 mm, until achieving the maximum addition. For the three measured nominal pow-

ers, the power profile corresponding to the near vision has a parallel behavior between 

low (AN6V) and high (AN6VM) addition multifocal models, being the distance between 

both lines of 1.50 D (exactly the difference in addition power between both models). It 

seems that the +10.00 D IOL maintains a constant addition value all over the near part of 

the optics (see the parallelism between the AN6V and AN6VM IOL power profiles and 

the +1.50 D addition and +3.00 D additions dashed lines in the left side of the plot), 

whereas the +30.00 D IOL shows a decrease in addition power towards the periphery of 

the near segment (see the difference of almost 1 D between addition at x = −0.63 mm and 

addition at x = −2.25 mm in the left side of the plot). The +20.00 D IOL shows a behavior 

between that of the +10.00 D and the +30.00 D IOLs. 

Regarding aberrometric profiles, Figure 3 shows primary spherical aberration varia-

tion with optical zone diameter, whereas vertical coma is depicted in Figure 4 (primary 
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vertical coma and secondary vertical coma). The remaining Zernike polynomials have no 

significant effect since the RMS values computed considering all Zernike polynomials up 

to the 10th order for each of the IOLs are almost equal to the RMS values computed with 

just the aforementioned polynomials (with minor variations from the 3rd decimal position 

onwards), as can be seen in Figure 5. 

 

Figure 3. Primary spherical aberration Zernike coefficient [Z(4:0)] from a 0.75 mm-optical zone di-

ameter up to a 5.00-mm optical zone diameter for the three IOL models (AN6, AN6V, AN6VM) and 

for the three measured nominal powers (+10.00 D, +20.00 D, +30.00 D). 

Primary spherical aberration values tend to be more negative from the center to the 

periphery of the monofocal model. For the multifocal models, there is an initial induction 

of positive spherical aberration values with a posterior change to negative spherical aber-

ration values towards the periphery, more evident for IOLs with higher power. Thus, the 

+10.00 D AN6V model shows low positive values of SA up to the 5-mm optic zone, 

whereas the +20.00 D and +30.00 D IOLs show positive values of SA from the center to the 

3.00-mm optic zone, and negative amounts of SA from a 3.0-mm zone up to the periphery 

(reaching −0.12 microns of SA for the +30.00 D IOL). As shown in Figure 3 and in the 

wavefront error variance contribution detailed in Table 1, the variation of SA with optical 

size is more pronounced in the monofocal model, reaching differences of almost 0.3 mi-

crons between the monofocal and multifocal lenses. This outcome aligns well with the 

information depicted in Figure 2, where the multifocal models exhibit a more stable radial 

profile throughout the far portion of the IOL. In contrast, the monofocal model displays a 

decrease in radial power from the center to the periphery (negative spherical aberration). 

For instance, in the case of the +30.00 D IOL, there is up to a 2-D difference between the 

radial central power and the radial power 2.5 mm away from the optical center, as illus-

trated in Figure 2. 

Figure 3 shows the dependency of SA with the power of the IOL under study, with 

higher amounts of negative SA for the +30.00 D IOL (independently on the IOL model), 

and higher inductions of negative SA for the monofocal model (independently on the IOL 

power). As an example, for the +30.00 D IOLs (blue lines in Figure 3), the monofocal model 

induces −0.36 microns of SA for a 5.00-mm optical zone, whereas this value is −0.12 mi-

crons for the multifocal IOL with +1.50 D addition, and −0.09 microns for the multifocal 

+3.00 D addition model. For a more central zone, 3.00 mm for instance, the monofocal 

+30.00 D IOL shows −0.04 microns of primary SA, the +1.50 D addition multifocal +30.00 

D IOL induces no SA, and the +3.00 D addition multifocal +30.00 D IOL induces +0.02 

microns. 
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Figure 4. Primary vertical coma Zernike coefficient [Z(3:−1)] from a 0.75-mm optical zone diameter 

up to a 5.00-mm optical zone diameter for the three IOL models (AN6, AN6V, AN6VM) and for the 

three measured nominal powers (+10.00 D, +20.00 D, +30.00 D). 

 

Figure 5. Third- to fifth-order Zernike coefficients, including second- and eighth-order spherical 

aberrations, were measured from 0.75 mm from the center to an optical zone diameter of 5.00 mm 

for the three IOL models (AN6, AN6V, AN6VM) and for the three nominal powers (+10.00 D, +20.00 

D, +30.00 D). 

Table 1. Wavefront error variance and contribution for an optical zone diameter of 3.00 and 4.50 

mm for the three IOL models (AN6, AN6V, AN6VM) for the nominal power of +20.00 D. 

  Wavefront Error Variance 
Contribution Wavefront 

Error Variance 

Zone 

(mm) 

IOL 

(D) 
HOA (µ2) 

SA 

(µ2) 

COMA 

(µ2) 

% 

SA 

% 

COMA 

3 AN6 0.00351 0.00336 3.5 × 10−6 96 0 

3 AN6V 0.08884 0.00066 0.03723 1 42 

3 AN6VM 0.34315 0.00194 0.14969 1 44 

4,5 AN6 0.06988 0.06912 2.7 × 10−5 99 0 

4,5 AN6V 0.48104 0.00712 0.13796 1 29 

4,5 AN6VM 1.84837 0.00334 0.59934 0 32 

mm: millimeters; D: diopter; µ: microns; %: percentage. 
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Primary vertical coma (Figure 5) is the aberration showing the highest difference be-

tween monofocal and multifocal models, independently of the base power of the IOLs. 

The primary vertical coma coefficient [Z(3:−1)] remains almost stable for the monofocal 

IOLs, with values from 0.00 microns in the central zone to −0.02 microns for a 5-mm optical 

zone. The lower-addition multifocal IOLs induce primary vertical coma of +0.11 microns 

for a 3-mm optical zone and +0.24 microns for a 5-mm optical zone. The higher-addition 

multifocal IOLs induce primary vertical coma of +0.21 microns for a 3-mm optical zone 

and +0.51 microns for a 5-mm optical zone. Primary vertical coma induced by the multi-

focal models do not seem to depend on the base power of the IOL, but just on the near 

addition. 

Secondary vertical coma (Figure 6) shows an opposite pattern as the primary vertical 

coma, with a similar different behavior between monofocal and multifocal models as the 

primary vertical coma. Figures 5 and 6 have been depicted with the same axis scale to 

better appreciate the highest contribution of primary vertical coma. 

 

Figure 6. Secondary vertical coma Zernike coefficient [Z(5:−1)] from a 0.75-mm optical zone diame-

ter up to a 5.00-mm optical zone diameter for the three IOL models (AN6, AN6V, AN6VM) and for 

the three measured nominal powers (+10.00 D, +20.00 D, +30.00 D). 

4. Discussion 

Ophthalmological teams are confronted with significant decisions in refractive sur-

gery, particularly regarding the selection of the specific model of IOL to be implanted in 

each patient to meet their expectations effectively. Without a deep knowledge of IOL de-

signs, making the best decision for a particular patient’s IOL implantation can prove to be 

exceedingly challenging. 

Access to the power profile of the IOLs before implantation would greatly assist in 

understanding the potential impact on the patient’s pupil size. With the information of 

power profiles herein presented, any ophthalmic surgeon can decide to implant a given 

IOL model with a given nominal addition depending on the patient’s pupil size and dis-

tance requirements. Additionally, having comprehensive aberrometric information for 

the IOLs is crucial, as relying solely on a single data point for induced spherical aberration, 

without considering pupil size, is common but inadequate. Higher-order aberrometric 

statements should include both aberration quantity and pupil size for meaningful inter-

pretation. For this reason, if we consider the performance of the visual system under var-

ying lighting conditions and subsequent changes in pupil diameter, it is essential for eye 

care practitioners to have aberration data for various pupil sizes or, at the very least, for 

the most common pupil diameters corresponding to different lighting conditions. On the 

other hand, providing complete information on the Zernike values for both 3-mm and 4.5-
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mm apertures could help other researchers to make image simulations of the optical be-

havior of those lenses implanted in a model eye before actual implantation. Without com-

plete aberrometric information, those simulations are not possible. 

This study presents objective and independent in vitro results that enable the char-

acterization of the radial power profiles and HOA, including spherical aberration and ver-

tical coma, for three types of intraocular lenses (monofocal, multifocal with low addition, 

and multifocal with high addition) that share the same platform. To our knowledge, this 

is the first paper to present this information for the lenses evaluated. 

First, there is a rather formal aspect to consider, on whether it is appropriate to define 

a discontinuous wavefront as a combination of Zernike polynomials and, also, how to 

interpret the coefficients of these polynomials in term of aberrations. In general, it is pos-

sible to approximate a piecewise discontinuous function using a polynomial series, but 

we should have to assume some inaccuracies on the boundaries between the different 

regions. On the other hand, although the extension of concepts defined for continuous 

wavefront, such as Seidel aberrations, to discontinuous ones is not trivial, this does not 

mean that the information derived from the values of the coefficients of Zernike polyno-

mials are useless to a clinician. Indeed, the opposite is the case, as it is always possible to 

compare the values of the Zernike polynomial expansion of the lens measured with the 

same expansion of the wavefront aberrations of the eye after the lens implementation. 

The multifocal AN6V and AN6VM lenses have a central notch housing the far power, 

which extends approximately 0.12 mm below the lens’s center (Figure 1). Consequently, 

the central zone and the outer portion of the lens surrounding the near vision segment 

contribute to generating images of distant objects, while the near segment is responsible 

for near focus. In contrast, the monofocal AN6 lens has a symmetrical design covering 

360°. Concerning the central notch in the multifocal models, there is a possibility that if an 

implanted AN6V or AN6VM lens becomes decentered inside the capsular bag, the notch 

might not align with the pupil center. This misalignment could result in an imbalance 

between the far and near zones within the pupil. In this line, Albarrán-Diego et al. [6] 

reported a case of a Lentis MPlus lens that was upwardly decentered in an eye with a 3.6-

mm pupil, leading to a measured refraction of −2.75 D. 

The measurement of the radial power revealed clear differences associated with the 

asymmetric and symmetric designs. The three IOLs exhibit a reduction in power at the 

periphery, with this effect being more pronounced in the monofocal AN6 compared to the 

distance multifocal AN6V and AN6VM, especially for higher powers. A possible expla-

nation for this design can be associated with the control of the thickness of high-power 

IOLs to minimize the risks associated with IOLs implantation in hyperopic eyes [12]. 

Regarding the near zone of the multifocal AN6V and AN6VM lenses, it is interesting 

to consider how the power of the addition reached +1.50 D for AN6V and +3.00 D for 

AN6VM, exhibiting a “two-step behavior”. In the first step, half of the addition was at-

tained at approximately 1.00-mm optical zone, and the full addition was achieved at 1.50-

mm optical zone. This “two-step behavior” in achieving the total addition of power in 

multifocal lenses could be related to facilitating a more efficient adaptation in brighter 

lighting conditions or situations where greater depth of field may not be necessary. Addi-

tionally, this smoother transition between different focal distances could potentially re-

duce side effects such as glare or dysphotopsia. However, this design may lead to patients 

with small pupils being unable to fully benefit from the addition if their pupillary diame-

ter does not cover the area of greatest addition [13]. 

Regarding the aberrometric profiles, we have described the SA, primary vertical 

coma, and secondary vertical coma to provide clarity on the most relevant aberrometric 

values for understanding the visual performance of these lenses. Understanding the SA 

profile of the IOLs across their various optical zones could prove crucial in evaluating the 

SA balance between a patient’s eye and the intraocular lens. Surgical decisions should 

consider the characteristics of both elements, along with other factors such as pupil size 

under photopic and mesopic conditions, as well as corneal regularity. 
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The current study demonstrates that the SA in the monofocal AN6 remained neutral 

from the center up to a 1.75/2.00-mm optical zone diameter. Beyond that position, the SA 

increased in negative values towards the periphery, with higher values observed for 

lenses with greater power. According to the manufacturer, the monofocal AN6 has an 

aspherical posterior surface with spherical aberration correction of −0.13 µm [7]. This SA 

value was reached in our work at 4.00 mm, 4.6 mm, and more than 5 mm for IOL powers 

+30.00 D, +20.00 D, and +10.00 D, respectively. 

Borkenstein et al. [14] conducted an in vitro study where they measured SA and coma 

in monofocal AN6 +22.00 D using specific optical equipment. The measurements were 

taken for a 4.5-mm aperture using the WaveMaster IOL 2 (Trioptics, Wedel, Germany), 

on an optical bench, OptiSpheric IOL PRO 2, and adding eye model Cornea ISO2. In their 

in vitro conditions, combining the IOL with an in situ eye model, the researchers obtained 

a negative SA of −0.31 µm. However, our results at 4.5 mm in monofocal AN6V +20.00 D 

and AN6V +30.00 D showed values of −0.13 µm and −0.22 µm, respectively. This differ-

ence could be attributable to the variances in the in vitro conditions between the two stud-

ies. 

Regarding multifocal AN6V and AN6VM, there are not available information about 

SA and the current results showed less dependency of SA with the IOL power than mon-

ofocal model, with the multifocal AN6VM being the IOL showing lesser dependency. The 

multifocal AN6V and AN6VM showed neutral SA in the center, increasing to positive 

values, and finally achieving negative values towards the periphery. However, this value 

depends on the near addition specification of the multifocal IOL and the optical zone di-

ameter selected. 

Coma aberration in any optical system is strongly linked to three factors: (i) decen-

tration, (ii) the power of the optical system (higher coma for higher powers, particularly 

with decentration), and (iii) the optic zone (higher coma for larger optic zones, especially 

with decentration). 

The primary vertical coma of the three analyzed IOLs (AN6, AN6V, and AN6VM) 

did not exhibit a dependency on the IOL power; instead, it showed a correlation with the 

optical zone diameter and addition value in the multifocal models. Notably, higher verti-

cal coma values were observed at the periphery, with AN6VM values being twice as large 

as those of AN6V, irrespective of the lens’s base power. This observation, coupled with 

the fact that multifocal lenses with higher power (+30.00 D) display a decrease in power 

at the periphery of the near zone, may indicate a laboratory strategy to avoid excessive 

coma increase at high powers for mesopic pupils. Consequently, if a +30.00 D AN6VM 

IOL exhibits a primary vertical coma of 0.5 microns for a 5-mm optic diameter, it can be 

inferred that this coma might be higher without the decay in addition in the periphery of 

the near segment. Such an increase in coma aberration could result in a decrease in image 

quality for larger pupils. This could be especially important in hyperopic eyes with large 

pupil sizes, since those eyes require higher power IOLs and tend to have higher Kappa 

angles [15], so abnormally elevated coma values induced by the IOL could have a greater 

impact in their optical quality. 

Coma is highly influenced by surface centration in any optical system. As demon-

strated by Ashwin et al. [16], the human eye exhibits an inferior location of the corneal 

apex, which contributes to the presence of certain values of vertical coma. It is crucial to 

consider this information in both normal eyes with a limit value for vertical corneal coma 

and in keratoconic eyes. Failing to account for this could lead to the addition of corneal 

coma to the coma of an AN6VM IOL, resulting in an ocular coma value similar to that of 

a keratoconic eye, leading to a loss of visual quality—especially in hyperopic eyes requir-

ing high plus IOLs. One possible approach to mitigate this issue is to reduce the effective 

addition in the periphery of the higher plus power AN6VM IOLs. This could help in con-

trolling coma values to maintain visual quality and also reduce the IOL width at the pe-
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riphery. By employing such measures, it may be possible to achieve better visual out-

comes and minimize the potential negative impact on visual quality caused by excessive 

ocular coma. 

We have not found any evidence regarding the value of vertical coma measured on 

an optical bench or in implanted eyes of multifocal AN6V and AN6VM lenses. Instead, 

there are studies based on the Mplus lens, which served as the precursor to AN6V and 

AN6VM, but it is made of hydrophilic material rather than hydrophobic. Unfortunately, 

the results from these studies are not directly comparable due to the dispersion effect that 

the hydrophilic material produces in the wavefront analysis [17]. 

Some authors have reported the presence of a large primary intraocular coma in pa-

tients implanted with the Mplus lens [18,19], which has been associated with asymmetric 

optical geometry. However, Akondi et al. [20] suggested that it is not appropriate to con-

clude that this IOL induces such large vertical coma values when performing aberrometry 

analysis in patients due to inadequate analysis of wavefront sensor measurements, con-

cluding that the actual coma induced by those IOLs is overestimated by using Hartmann–

Shack sensing or laser ray tracing. 

The asymmetrical design of multifocal AN6V and AN6VM allows for the placement 

of the near segment in various rotational positions. While the manufacturer recommends 

placing the near segment inferiorly and slightly nasally displaced, they also assert that the 

near segment can be positioned in different orientations without any adverse effects. 

However, it cannot be overlooked that the asymmetrical design of the multifocal AN6V 

and AN6VM can produce changes on the aberrations due to the position of the IOL, while 

the position of a symmetrical IOL does not affect aberrations. In fact, significant differ-

ences were noted in total vertical coma aberration between the IOL placed vertically with 

the near add inferior and the near add superior. The differences varied in magnitude, and 

the inferonasal group showed negative values [4,5]. 

The position of the near segment in eyes with rotationally asymmetric multifocal 

IOLs has been evaluated. Song et al. [5] and de Wit et al. [4] demonstrated that the position 

had no significant effect on visual performance. This design has also prompted some au-

thors to suggest that positioning the near segment differently could enhance visual out-

comes in cases of irregular astigmatism. Bala and Meades [21] published a case in which 

rotating the Mplus lens resulted in a noticeable improvement in near vision for a patient 

with irregular astigmatism. In this regard, for a 4-mm optical zone, our results for primary 

vertical coma were 0.00 microns for the +30.00 D monofocal IOL, +0.17 microns for the 

+30.00 D AN6V IOL (with +1.50 D addition), and +0.35 microns for the +30.00 D AN6VM 

IOL (with +3.00 D addition). This could suggest that an eye implanted with a +30.00 D 

Acunex AN6VM with a cornea not inducing coma would have similar vertical coma val-

ues to an eye with a mild keratoconus. Our findings, coupled with those reported by other 

authors employing similar lens designs, demonstrate the capacity of asymmetric multifo-

cal near segment lenses to function effectively in orientations beyond the vertical place-

ment with the near segment positioned inferiorly. Additionally, they highlight the lens’s 

resilience against less-than-ideal corneal topography. Comparing the lens-induced coma 

with the patient’s corneal coma could assist ophthalmologists in determining the optimal 

near segment positioning. 

The main limitation in our study is the impossibility of comparing results with other 

works, since this is the first article reporting power and aberrometric profiles for the 

AN6V and AN6VM IOLs. Another limitation relates to the fact that we have measured 

optical quality of the IOLs when isolated, and not inserted in an eye model, so our results 

for the AN6 are not directly comparable to other works, such as Borkenstein et al. [14], 

who describe a total SA of an eye model implanted with a +22.00 D AN6 IOL to be about 

−0.03 µm, which could provide a very good image contrast. 
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5. Conclusions 

Based on the results of this study, we can clearly differentiate between the Acunex 

standard monofocal and multifocal lenses. The multifocal AN6V and AN6VM lenses dis-

play an asymmetrical design with two distinct zones intended for far and near vision, 

respectively. The increase in power for near vision in the multifocal models does not orig-

inate precisely from the center of the lens, and the amount of final addition obtained by 

each lens depends on its nominal power. This asymmetrical design of the Acunex multi-

focal IOLs could be a contraindication in patients with zonular stability issues, making 

the implantation of the monofocal model more advisable in those cases. 

The design of these lenses also impacts aberrations, with the primary vertical coma 

aberration showing the highest difference between monofocal and multifocal models, ir-

respective of the base power of the IOLs. The variation of SA with optic size is more pro-

nounced for the monofocal model, and the SA is dependent on the nominal power, with 

higher inductions of negative SA for the +30.00 D IOL, regardless of the IOL model, and 

higher inductions of negative SA for the monofocal model, regardless of the IOL power. 

The asymmetrical design, which influences the radial power and coma aberrations 

exhibited by the multifocal lenses, suggests that the position and power of the near seg-

ment play crucial roles in determining the overall visual outcome for patients with multi-

focal lenses at different distances, especially if the lens is not well-centered after implan-

tation. 
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