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Abstract

Objectives: It was aimed to compare the clinical results of the mini-
monovision technique (MMV) with enhanced monofocal intraocular lens 
(IOL) and trifocal IOL applications and to evaluate the intereye differences 
in the MMV group.

Materials and Methods: This retrospective observational study 
evaluated the results of cataract surgeries performed on 48 eyes of 
24 patients. Surgeries in Group I were performed for MMV using the 
RayOne EMV IOL targeting emmetropia in dominant eyes (Group IA) 
and -0.70 diopter (D) myopia in non-dominant eyes (Group IB), while 
those in Group II were performed with the AcrySof® IQ PanOptixTM 
TNFT00 IOL targeting emmetropia. After the surgeries, uncorrected and 
corrected distance, intermediate, and near distance visual acuities, contrast 
sensitivity measurements, and defocus curves were determined. Subjective 
evaluation was made with the National Eye Institute Visual Function 
Questionnaire (NEI VFQ-25). The groups were compared statistically. 

Results: Postoperative refraction mean spherical equivalent was 
-0.25±0.22 D, -0.67±0.33 D, and -0.16±0.31 D in the three groups, 
respectively. A statistical difference was identified in favor of Group IA 
for uncorrected distance vision and in favor of Group IB for near vision 
(p<0.05). There was no difference in bilateral uncorrected visions in 
Groups I and II (p>0.05). While contrast sensitivity was better in Group 
I at all spatial frequencies (p<0.05), better vision was achieved in the 
defocus curve at distance in Group IA and at near in Group IB. In the 
binocular evaluation, it was seen that Groups I and II had similar results. 
In the subjective evaluation, NEI-VFQ-25 scores were 94.1±4.2/100 in 
Group I and 91.5±3.0/100 in Group II at 6 months (p>0.05). Photic 
complaints were significantly more common in Group II.

Conclusion: With the MMV technique, it was observed that enhanced 
monofocal lenses provided better visual acuity at all distances and less 
dysphotopsia than trifocal lenses, whereas trifocal lenses were better at 
providing independence from glasses.

Keywords: Presbyopia-correcting intraocular lenses, mini-monovision 
technique, enhanced monofocal IOLs, mono-EDOF IOLs

Introduction
Today, cataract surgery has become extensively used to 

treat both cataract and presbyopia. While cataract was initially 
treated uneventfully in many aspects with monofocal intraocular 
lenses (IOLs),1,2 when it came to the treatment of presbyopia, 
only partial success could be achieved with the monovision 
technique.3 As a result, first bifocal and then trifocal IOLs 
became widely adopted for the treatment of presbyopia. Trifocal 
IOLs are reported to provide excellent near, intermediate, and 
distance visual acuities, allowing a very high rate of spectacle 
independence. However, it has also been observed that because 
of significant photic complaints and loss of contrast sensitivity, 
their areas of indication are limited, especially in relation to 
patients’ lifestyles and concomitant ocular diseases.4,5,6 Later, 
the “enhanced depth of focus” (EDOF) group of lenses was 
introduced to treat presbyopia. However, the first of these were 
hybrid EDOF IOLs, which combined an increased focal depth 
with multifocal optical properties, and it was determined that 
they did not offer adequate correction of presbyopia, while also 
causing the abovementioned problems of trifocal lenses at nearly 
the same rate.7,8 Subsequently, another subgroup of focal depth 
enhancing lens were developed under the name of “monofocal 
plus” or “monofocal enhanced”. As these lenses utilize spherical 
aberration (SA) to increase the depth of focus, they can also be 
called pure EDOF (non-diffractive, non-refractive).9 Although 
this group was found to largely eliminate problems such as 
dysphotopsia and loss of contrast sensitivity, they could not DOI: 10.4274/tjo.galenos.2024.27805
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match the excellence of trifocal lenses in near vision.10 To 
eliminate this last problem, it was recommended to use this 
group of lenses with the “mini-monovision” (MMV) technique, 
which targets emmetropia in the dominant eye and a myopic 
offset of -0.25 to -1.00 diopter (D) in the non-dominant eye.11,12

As a result, two popular IOL groups and approaches seem 
to predominate in the current treatment of pseudophakic 
presbyopia: 1) pure EDOF or enhanced monofocal (mono-
EDOF) IOL implantation with the MMV approach, and 2) 
trifocal IOL implantation with a bilateral emmetropia approach. 
This study endeavored to compare these two groups. The study 
has two separate aims; the first is to determine and compare the 
clinical results obtained with both approaches, and the second is 
to investigate the MMV method in terms of intereye differences 
in functionality and reliability.

Materials and Methods

Study Design and Patients 
This retrospective observational study included bilateral 

cataract and clear-lens surgical cases performed by two surgeons 
(İ.C. and H.A.B.) in two different centers. 

The study protocol was approved by the Ethics Committee 
of Yozgat Bozok University (decision no: 2024-GOKA
EK241_241_2024.03.27_12, date: 27.03.2024) and was carried 
out in accordance with the principles of the Declaration of 
Helsinki. The surgeries were performed with an interval of 7-21 
days between fellow eyes.

All patients included in the study were over 50 years of age 
and had visual impairment due to cataract or had presbyopic 
complaints and desired spectacle independence. Patients with 
severe ocular pathology, uncontrolled diabetes and diabetic 
retinopathy, age-related macular degeneration, other retinal and 
macular diseases, uveitis, diseases affecting the pupil, severe dry 
eye, glaucoma, strabismus, amblyopia, or history of any ocular 
surgery or trauma were not included in the study. In addition, 
patients with axial length outside the range of 21.5-26.00 mm 
and corneal astigmatism greater than 0.75 D were excluded from 
the study. All patients underwent preoperative macular optical 
coherence tomography examination with an Optovue RTVue 
(Optovue, Fremont, CA, USA) device and the presence of retinal 
disease was ruled out. All included patients were informed about 
the study and a consent form was obtained.

Two separate groups were formed for the study. Patients in the 
first group (Group I) received the enhanced monofocal RayOne 
EMV IOL (Rayner Intraocular Lenses Limited, Worthing, United 
Kingdom) targeting emmetropia in the dominant eye (Group 
IA) and -0.70 D of myopia in the non-dominant eye (Group 
IB). Patients in the second group (Group II) received AcrySof® 
IQ PanOptixTM TNFT00 (Alcon Laboratories Inc., Fort Worth, 
TX, USA) IOLs with emmetropia targeted in both eyes. Each 
group included 24 eyes of 12 patients. Before the operations, 
detailed eye examinations including monocular and binocular 
corrected and uncorrected visual acuities, manifest refractions, 
corneal keratometric values, intraocular pressures, and biometric 
measurements obtained using the Lenstar LS 900 (Haag-Streit, 

USA) device were performed in all patients. Dominant and non-
dominant eyes were determined. Tear functions were evaluated 
with the Schirmer and tear film break-up tests. The Barrett-II 
formula was used for IOL power calculations. 

The surgeries were performed following a standard pupil 
dilatation regimen, under topical anesthesia, using a Centurion 
Vision System (Alcon Inc., Fort Worth, TX, USA) through a 2.2-
mm main incision made on the steep keratometry axis or using 
a temporal approach. The same surgical phacoemulsification 
protocol was used in all cases, and all IOLs were placed 
in the capsule. Postoperatively, the patients received topical 
moxifloxacin (Vigamox ophthalmic solution, Novartis, Basel, 
Switzerland) for 1 week and prednisolone for 3 weeks. 

Intraocular Lenses
The RayOne EMV is a one-piece hydrophilic acrylic lens 

with 26% water content. It has an optic diameter of 6.0 mm, 
total diameter of 12.5 mm, and biconvex optic shape. The 
refractive index is 1.46 and the Abbe number is 56. It has an 
aspheric anterior surface and closed-loop anti-vaulting haptics. 
The lens is implanted using a preloaded injector.

The PanOptix TNFT00 is a one-piece hydrophobic acrylic 
with an optic diameter of 6.0 mm, total diameter of 13.0 mm, 
and two open-loop modified L haptics. It has a 4.5-mm central 
non-apodized diffractive region with 15 diffractive rings and 
a peripheral refractive region between 4.5 and 6.0 mm. The 
refractive index is 1.55 and the Abbe number is 37. The lens has 
negative asphericity of -0.10 μm.

Postoperative Evaluation
The patients were operated between November 2021 and 

May 2023 and followed up for at least 6 months (mean 
12±4.8 months) postoperatively. Examinations were performed 
at postoperative 1 day, 1 week, and 1, 3, and 6 months. At each 
examination, manifest refractions were recorded, followed by 
monocular and binocular corrected and uncorrected distance 
(4 m), intermediate (66 cm), and near (40 cm) visual acuity 
measurements made in photopic environment using the Early 
Treatment Diabetic Retinopathy Study (ETDRS) chart for 
distance, the Colenbrander mixed contrast card set (Precision 
Vision, IL, USA) for intermediate, and the Jaeger chart for 
near. As the charts were designed for use at distances of 35 cm 
and 63 cm, the logarithm of the minimum angle of resolution 
(logMAR) values were corrected according to the distances of 40 
cm and 66 cm used in this study.13 

Defocus curves were determined at postoperative 6 months. 
The procedure was performed under photopic conditions, 
separately for the dominant and non-dominant eyes and 
binocularly for patients in Group I and binocularly in Group II, 
between +2.0 and -4.0 D at a distance of 4 m by adding -0.50 
D lenses. 

Contrast sensitivity tests were also performed at postoperative 
6 months. Measurements were performed under photopic 
conditions (85 cd/m2) with and without glare using the CSV-
1000 (Vector Vision Co, Ohio, USA) device. Results were 
obtained at spatial frequencies of 3, 6, 12, and 18 cycles per 
degree (cpd) and translated to logCS using the table provided by 
Vector Vision.14 
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Subjective Assessment and Evaluation of Side Effects
The patients’ satisfaction with their surgical outcomes was 

assessed by administering the National Eye Institute Visual 
Function Questionnaire (NEI VFQ-25) twice, at postoperative 3 
and 6 months.15 This scale consists of questions in 12 domains: 
general vision, near vision, distance vision, driving, peripheral 
vision, color vision, ocular pain, general health and vision, role 
limitations, dependency, social functioning, and mental health. 
The highest score is 100 and represents an optimal functional 
state. In this study, patients were asked additional questions 
about halo (rings around lights), glare (trouble seeing street signs 
due to bright lights or oncoming headlights), double vision and 
ghosting, and color vision at 3 and 6 months after their second 
eye surgery. The patients were shown standard photographs 
showing examples of photic phenomena. If they answered yes, 
the type of symptom was noted and patients were asked to rate 
the extent to which these symptoms affected their daily lives. 
The act of driving at night was specifically questioned, and 
patients were also asked about their spectacle independence 
at near, intermediate, and distance and whether they would 
recommend the same IOL to family and friends. In addition, 
patients in the MMV group were asked whether they noticed 
a difference in vision between eyes in normal daily binocular 
viewing conditions. Responses to these additional questions were 
assessed independently of the NEI VFQ-25 questionnaire.

Statistical Analysis
All data were analyzed using SPSS software (version 22.0, 

IBM Corp., Armonk, NY, USA). Wilcoxon paired-samples 
test, chi-square test, and Mann-Whitney U tests were used for 
comparisons between the groups. Results were evaluated with a 
95% confidence interval and a p value of <0.05 was considered 
statistically significant. Affirmative responses to the additional 
questions in the questionnaire were evaluated by percentage.  

Results

A total of 48 eyes of 24 patients with complete follow-up 
were included in the study. The mean age of the 12 patients in 
Group I was 65.75 (±9.98) years and that of Group II was 63.25 

(±7.46) years. Demographic characteristics and preoperative 
data of the groups are given in Table 1. There was no statistical 
difference between the groups. 

All operations were performed without complications. The 
cumulative dissipated energy was 4.20±2.41 seconds in Group I 
and 4.95±3.05 seconds in Group II, while the mean power of the 
implanted lenses was 21.2±2.49 D in Group I and 21.1±2.04 
D in Group II. There was no difference between the groups in 
terms of surgical parameters. 

Visual Outcomes 
Vision and refraction results obtained at postoperative 3 and 

6 months were recorded and the most recent values obtained at 
month 6 were used in the study. Mean spherical equivalent (SE) 
values were -0.25±0.22 D in Group IA, -0.67±0.33 D in Group 
IB, and -0.16±0.31 D in Group II. In Group I, comparison of 
SE values between dominant and non-dominant eyes with the 
Wilcoxon paired-samples test revealed a statistically significant 
difference (p=0.022), whereas no significant difference was found 
between Group IA and Group II (p=0.101). In Group I, only one 
patient had a myopic outcome of -1.0 D in the non-dominant 
eye. The mean final visual acuities measured at postoperative 
6 months are given in Table 2. Statistical evaluations were 
performed in the RayOne EMV group between dominant and 
non-dominant eyes monocularly and between the RayOne EMV 
group and PanOptix groups binocularly. In Group I, there was a 
difference between dominant and non-dominant eyes in favor of 
dominant eyes for uncorrected distance visual acuity and in favor 
of non-dominant eyes for uncorrected near visual acuity. When 
refractive errors were corrected in the non-dominant eyes, there 
was no significant difference between the groups (Table 2). 

There were also no differences in any binocular uncorrected 
visual acuity measurements between the RayOne EMV MMV 
approach and the binocular PanOptix group measurements 
(p>0.05). 

Comparison of defocus curves in Group I showed that 
dominant eyes provided better visual acuity between +2.00 and 
0.00 D (corresponding to distance vision), while non-dominant 
eyes had better results between -1.50 and -4.0 D (corresponding 
to near vision). In binocular measurements, there was marked 

Table 1. Demographic characteristics and preoperative and operative data of the patients

Parameter RayOne EMV group PanOptix group  p value

Mean age (years) 65.75±9.98 63.25±7.46 0.246*

Sex (female/male) 6/6 6/6 1.000**

Dominant eyes (right/left) 4/8 6/6 0.670**

Mean corrected distance visual acuity (logMAR) 0.12±0.22 0.16±0.31 0.567*

Mean corneal toricity (D) 0.48±0.23 0.43±0.29 0.212*

Mean kappa angle (mm) 0.20±0.22 0.22±0.19 0.809*

Mean axial length (mm) 23.53±1.10 23.22±1.99 0.555*

Mean cumulative dissipated energy (seconds) 4.20±2.41 4.95±3.05 0.460*

Mean implanted IOL power (D) 21.2±2.49 21.1±2.04 0.784*

*Mann-Whitney U test, **Chi-square test, logMAR: Logarithm of the minimum angle of resolution, D: Diopter, IOL: Intraocular lens
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improvement in the areas where both subgroups were inadequate 
(Figure 1A). Although the RayOne EMV and PanOptix had very 
similar binocular defocus curves, it was noted that results for 
distance vision were slightly better in the RayOne EMV MMV 
group, while there was no difference for near and intermediate 
vision (Figure 1B). 

The results of contrast sensitivity measurements are shown in 
Table 3. There was a significant difference in favor of the RayOne 
EMV MMV group in both glare and no-glare conditions 
(p<0.05).

Subjective Assessment, Dysphotopsia, and Spectacle 
Independence

Scores on the VFQ-25 used for subjective assessment were 
94.1±4.2 out of 100 in Group I at 6 months (with no difference 
between 3 and 6 months). In Group II, the scores were 89.9±5.6 
at 3 months and 91.5±3.0 at 6 months, which was not a 
significant difference (p=0.234). In addition, when problems 
such as halo, glare, starburst, and ghosting were described and 
shown as pictures to the patients, one patient in the RayOne 
EMV group reported glare in one eye (non-dominant) at 3 and 
6 months (4.1%). In the PanOptix group, dysphotopsia was 
reported in both eyes by 5 patients (41.6%), including halo in 

2 patients (16.6%), glare in 2 patients (16.6%), and starburst in 
1 patient (8.3%). The patients stated that the severity of these 
symptoms decreased between 3 and 6 months. When asked 
whether they would recommend this surgery to their relatives, 
100% of patients in both groups answered affirmatively. In terms 
of spectacle independence, a patient in Group I whose non-
dominant eye had -1.0 D myopia expressed noticing an intereye 
difference in distant vision, especially while watching television. 
The patient was initially given distance glasses, then underwent 
corneal refractive surgery at postoperative 4 months, after which 
the myopia was reduced to -0.50 D and the problem was solved. 
Another patient with good near vision (J1 level) requested near 
glasses to read very small writing, and the problem was solved 
by providing +0.50 D reading glasses. As a result, 2 of the 12 
patients were prescribed glasses (one for distant and one for near) 
and the spectacle independence rate was 83.3%. Group II had 
100% spectacle independence.

At the patients’ postoperative 6-month follow-up 
examination, no problems such as IOL tilt and decentration, 
posterior capsule opacity, or other concomitant ocular problems 
were encountered in either group. 

Table 2. Postoperative visual acuity results (logMAR)

Visual 
acuities

Group I (RayOne EMV MMV) 
Monocular Group I

(RayOne EMV MMV)
binocular

Group II
(PanOptix)
binocular

p value**
Group IA
Dominant eyes

Group IB
Non-dominant eyes

p value*

UDVA 0.00±0.03 0.05±0.08 0.019 0.00±0.03 0.01±0.10 0.789

UIVA 0.03±0.06 0.01±0.04 0.231 0.00±0.02 0.00±0.11 0.504

UNVA 0.04±0.06 0.01±0.04 0.045 0.01±0.02 0.02±0.05 0.231

CDVA -0.01±0.02 -0.01±0.03 0.713 -0.01±0.03 0.02±0.13 0.546

DCIVA 0.02±0.04 0.01±0.04 0.812 0.00±0.01 0.01±0.11 0.812

DCNVA 0.05±0.06 0.04±0.07 0.433 0.00±0.03 0.00±0.15 0.909

*Comparison of dominant and non-dominant eye VA in the RayOne EMV group; Wilcoxon paired-samples test, **Comparison of binocular VA in RayOne EMV MMV and PanOptix groups; 
Mann-Whitney U test. logMAR: Logarithm of the minimum angle of resolution, MMV: Mini-monovision, UDVA: Uncorrected distance visual acuity, UIVA: Uncorrected intermediate distance 
visual acuity, UNVA: Uncorrected near visual acuity, CDVA: Corrected distance visual acuity, DCIVA: Distance-corrected intermediate distance visual acuity, DCNVA: Distance-corrected near 
visual acuity. Results given as mean and standard deviation. Significant differences are shown in bold

Figure 1. (A) RayOne EMV mini-monovision group: dominant eyes, non-dominant eyes, and binocular average defocus curves. (B) Average binocular defocus curves of the 
RayOne EMV and PanOptix groups. logMAR: Logarithm of the minimum angle of resolution
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Discussion
This study sought to investigate two main issues. The first 

was to compare the visual outcomes obtained with enhanced 
monofocal lenses used with the MMV approach with those 
obtained with trifocal lenses and also determine to what extent 
enhanced monofocal group lenses provide solutions to common 
adverse effects of trifocal lenses. The second was to investigate the 
visual objective and subjective results of the intereye refractive 
difference created with MMV approach. 

Numerous publications and meta-analyses in the literature 
have shown that trifocal lenses provide uncorrected visual 
acuities that can be considered perfect for near, intermediate, 
and far distances.4,5,16,17 These publications report a mean 
binocular uncorrected distance visual acuity between -0.02 and 
0.00 logMAR, binocular uncorrected intermediate distance 
visual acuity (80 cm) between 0.00 and 0.11, and binocular 
uncorrected near visual acuity (40 cm) between 0.00 and 0.18, 
and although different results were reported for spectacle 
independence, the results were close to 100%. However, we 
also see that dysphotopsia rates are reported at very high rates 
in the same studies. For example, in a study by Kohnen et al.4 
with PanOptix trifocal lenses, dysphotopsia was reported in 
93% of the cases (89% halo, 11% glare, 7% double vision, 4% 
ghosting, and 4% distorted vision). In a meta-analysis published 
by Mencucci et al.5, a high prevalence of halo (70%) and glare 
(50%) was seen with trifocal lenses. Loss of contrast sensitivity 
is another important problem with trifocal lenses. Rosen et al.18 
determined that significant contrast reduction with multifocal 
lenses was reported in two-thirds of the 195 studies examined 
in their meta-analysis. Again, Mencucci’s et al.5 study with two 
separate trifocal lenses reports a significant decrease from normal 
values, more prominently at higher spatial frequencies (18 cpd).

When the causes of dissatisfaction with multifocal lenses 
were investigated, dysphotopsia was identified as the second 
most important cause after blurred vision.19,20 In addition, 
dysphotopsia was found to be the second most important cause 
after loss of contrast sensitivity among the reasons for surgical 
IOL exchange.21 These two important adverse effects, as well as 
the limited indication areas in major ocular comorbidities, have 
led to research beyond trifocal lenses despite their excellent visual 

results. The first alternative developed was EDOF group lenses 
that combined refractive or diffractive optical properties and 
would later be called hybrid EDOF,9 but these lenses were found 
to cause dysphotopsia and contrast loss to almost the same degree 
as trifocal lenses and yet could not match their performance 
for near vision.7,22,23 Following the emergence of many lenses 
claiming to be EDOF in the market, the American Academy 
Task Force Consensus reports proposed four standard criteria 
delineating the definition of EDOF.24,25 Thus, although the aim 
was to differentiate EDOF lenses from monofocal lenses, meeting 
the American National Standard Institute (ANSI)-III criterion 
in particular (median distance corrected monocular intermediate 
distance [66 cm] visual acuity should be at least 0.2 logMAR) is 
not possible without a very large comparative study. Therefore, 
many lenses that provide a substantial focal depth do not qualify 
as EDOF and are classified as enhanced monofocal or monofocal 
plus. New approaches have been proposed in response to this 
insufficiency and confusion, leading to the separate classification 
of hybrid EDOF lenses (refractive or diffractive EDOF lenses) 
and pure EDOF lenses (pinhole or SA-based). Here, according 
to the definitions of Kanclerz et al.9, if the lens uses chromatic 
aberration, has diffractive physical properties, or is refractive and 
uses additional dioptric power to increase near vision, it is not 
pure EDOF. In a new classification published later, we see that 
non-diffractive lenses that increase the depth of focus through 
modifications to the central zone that provide a change from 
center to periphery are collected in the same group (type 5 in 
the publication), and depth of focus is mainly achieved with the 
addition of SA in this group.26

Although these lenses were classified as enhanced monofocal 
after the ANSI criteria, we think it would be appropriate to call 
them “non-diffractive/non-refractive EDOF”, considering that 
the group does not contain multifocal optical properties and 
provides significant focal depth, and the ANSI criteria should 
be revised to define the enhanced monofocal groups. It would 
at least be more accurate to classify the enhanced monofocal 
group as a subgroup under EDOF lenses, because the current 
nomenclature ignores the increase in focal depth provided 
by this group of lenses. In many publications we also see the 
use of the term “mono-EDOF” for this group of lenses.27,28  

Table 3. Contrast sensitivity measurements (logCS)

Spatial frequencies RayOne EMV MMV group PanOptix group p value*

No-glare condition

3 cpd 1.96±0.16 1.77±0.11 0.045

6 cpd 1.99±0.23 1.71±0.56 0.031

12 cpd 1.59±0.15 1.39±0.23 0.009

18 cpd 1.21±0.19 1.01±0.09 0.013

Glare condition

3 cpd 1.81±0.15 1.55±0.17 0.022

6 cpd 1.84±0.23 1.59±0.28 0.017

12 cpd 1.41±0.07 1.25±0.19 0.044

18 cpd 1.15±0.20 1.00±0.24 0.034

*Mann-Whitney U test, cpd: Cycles per degree. Results given as mean and standard deviation. Significant differences are shown in bold
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In our opinion, the Ray-One EMV lens, which meets three of 
the four ANSI criteria, can also be referred to as non-diffractive 
EDOF until the ANSI standards are reconsidered or standard 
definitions are introduced for the enhanced monofocal lens 
group, as the monocular focal depth of the lens is reported as 1.49 
D and 2.25 D in MMV (with -1.0 D offset in the non-dominant 
eye).27,28,29 Nevertheless, in the present study, the Ray-One EMV 
lens is referred to as enhanced monofocal or mono-EDOF.

The RayOne EMV IOL, as a non-diffractive, positive 
SA-based lens, is considered as a solution to the known problems 
of trifocal lenses along with other predominantly negative SA 
IOLs in the same group, such as Eyehance, Vivity, and LuxSmart.

In studies targeting emmetropia in both eyes, excellent 
results were obtained in the range of -0.01 to 0.00 logMAR at 
distance and intermediate distance with the enhanced monofocal 
or mono-EDOF lenses Eyehance, Vivity, and RayOne EMV. 
Additionally, near vision that can be considered successful and 
satisfactory at the level of 0.1 logMAR at -2.0 D on the defocus 
curve was achieved with Vivity and RayOne EMV lenses, 
whereas this value was unsatisfactory with the Eyehance lens 
(0.4 logMAR).10 However, in Kohnen’s et al.4 PanOptix studies, 
near vision (40 cm) was excellent at 0.00 logMAR at -2.0 D. In 
short, although enhanced monofocal lenses provide very good 
and satisfactory results in near vision, they do not achieve the 
same level of excellence as trifocal lenses. In the same study, 
it was noted that the proportion of cases without halo or glare 
was 95%-100% in the enhanced monofocal non-diffractive lens 
groups, while the contrast sensitivity results were nearly the 
same as in the monofocal lens group. 

Hovanesian et al.8 reported that 69% of the patients in the 
PanOptix group and 85% in the Vivity group reported no or 
minimal halo and glare, and this difference was significant. In 
the same study, the rate of complete spectacle independence was 
83% in the PanOptix group but only 33% in the Vivity group, 
which was a highly significant statistical difference (p<0.0001). 
There was also a significant difference in patient satisfaction 
results, with 85% of patients in the PanOptix group and 57% 
in the Vivity group stating they were very satisfied.

In a study conducted by Asena et al.30 targeting bilateral 
emmetropia, the visual difference in the PanOptix /Vivity 
comparison was in favor of mono-EDOF at distance and the 
trifocal lens at near. In that study, better near vision in the trifocal 
lens group despite postoperative SE results of -0.60 D in the 
Vivity group and -0.09 D in the PanOptix group indicates the 
superiority of the trifocal lens in this area, while to the contrary, 
the better distance vision in the mono-EDOF group may be a 
result of the superior contrast provided by non-diffractive lenses. 
In this context, the MMV approach emerges as a solution by 
targeting -0.25 to -1.00 D myopia to the non-dominant eye to 
ensure excellent outcomes despite the residual near visual acuity 
problem with enhanced monofocal lenses.  

In our study, evaluation of the binocular uncorrected visual 
outcomes obtained using the RayOne EMV IOL with MMV 
targeting -0.70 D in the non-dominant eye shows that the results 
obtained (0.00±0.03 logMAR at distance, 0.00±0.02 logMAR 

at intermediate, and 0.01±0.02 logMAR at near) did not differ 
statistically from the visual results achieved in the PanOptix 
trifocal group (p>0.05). In addition, we observed that 95.9% 
of patients in the MMV group did not experience dysphotopsia, 
and contrast sensitivity results in glare and no-glare conditions 
were significantly better than in the PanOptix group (Table 3).

It is seen that the MMV approach provides a significant 
benefit, especially in the enhanced monofocal groups that we 
refer to as non-diffractive mono-EDOF. For example, Park et 
al.11 investigated the differences between emmetropia and MMV 
groups using the Eyehance IOL, with -0.75 D targeted for non-
dominant eyes in the MMV group, and reported that binocular 
UCVA increased from 0.33±0.13 logMAR to 0.06±0.06 
logMAR, spectacle dependence for near vision decreased from 
80% to 20%, and there was no difference between the groups 
in terms of dysphotopsia. In another study, Solomon et al.12 
compared emmetropia and MMV groups using the Vivity lens 
and reported a postoperative mean SE of -0.45 D in the MMV 
group and 0.01 D in the emmetropia group. Near visual acuity 
was 0.39 logMAR in the emmetropia group and 0.21 logMAR 
in the MMV group. The difference was significant (p<0.001). 
There was again no difference in dysphotopsia between the 
groups.

Our study corroborates previous studies in the literature 
conducted with other monofocal plus or mono-EDOF lenses, and 
to our knowledge, there is no other publication in the literature 
on the MMV method with RayOne EMV lenses.  

At the same time, our study shows that spectacle 
independence reached 83.3% with the MMV approach. This is 
still below the 100% figure achieved with PanOptix. As a result, 
in the comparison of trifocal lenses and MMV using enhanced 
monofocal lenses, which was one of the two main objectives 
of our study, we can say that trifocal lenses are still superior in 
functional areas such as spectacle independence, whereas the use 
of mono-EDOF lenses with the MMV approach is superior in 
terms of avoiding adverse effects, providing patient satisfaction, 
and preventing possible unhappiness.

The second important issue is the problems that may be 
encountered with MMV. For example, there is a case report in 
the literature in which lens exchange was required due to patient 
intolerance after implementing MMV with Vivity lenses despite 
having only -0.50 D myopia in the non-dominant eye.31 This is 
one of the reasons why dominant and non-dominant eyes were 
examined separately and compared in our study. Accordingly, 
uncorrected visual acuities in the dominant and non-dominant 
eyes respectively were 0.00±0.03 and 0.05±0.08 logMAR 
for distance (p<0.05), 0.03±0.06 and 0.01±0.04 logMAR for 
intermediate (p>0.05), and 0.04±0.06 and 0.01±0.04 logMAR 
for near (p<0.05). Thus, there was a significant difference in 
favor of the dominant eye for distance and the non-dominant eye 
for near vision. The mean SE obtained in the non-dominant eyes 
of our patients was -0.67±0.33 D. When the patients were asked 
whether they noticed an intereye difference in the postoperative 
questionnaire, only 1 of the 12 patients (who had postoperative 
refraction of -1.00 D in the non-dominant eye) said they noticed 
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a difference between the eyes and was uncomfortable. One of 
the important considerations when applying the MMV method 
is how much myopia should be targeted in the non-dominant 
eye. For example, a study conducted by van Amelsfort et al.32 
using Vivity lenses showed that when -0.25 D was targeted in 
the non-dominant eye and a postoperative mean SE of -0.13 
D was obtained, binocular near vision remained at the level of 
0.23 logMAR. As a result, we can say that setting a myopic 
target of at least -0.50 D for the non-dominant eye is effective 
in improving binocular near vision, and we found that the 
intereye difference was not perceived by patients, did not cause 
subjective complaints, and did not require glasses unless it 
exceeded -1.00 D.

Study Limitations
The limiting aspects of our study can be considered the small 

number of patients and its basis on subjective questionnaires for 
dysphotopsia assessment instead of more quantitative methods 
such as a halometer.

Conclusion
Enhanced monofocal (mono-EDOF) lenses implanted using 

the MMV approach largely eliminated dysphotopsia and severe 
contrast sensitivity reduction, which are important potential 
problems of trifocal lenses, and the MMV method provides a 
solution to the issue of these lenses being less effective than 
trifocals in near vision when emmetropia is targeted.

Ethics 
Ethics Committee Approval: The study protocol was 

approved by the Ethics Committee of Yozgat Bozok University 
(decision no: 2024-GOKAEK241_241_2024.03.27_12, date: 
27.03.2024) and was carried out in accordance with the 
principles of the Declaration of Helsinki.

Informed Consent:  Obtained.

Authorship Contributions
Surgical and Medical Practices: İ.C., H.A.B., Concept: İ.C., 

H.A.B., Design: İ.C., H.A.B., Data Collection or Processing: 
İ.C., H.A.B., Analysis or Interpretation: İ.C., H.A.B., Literature 
Search: İ.C., H.A.B., Writing: İ.C., H.A.B.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

References
1. Shah S, Peris-Martinez C, Reinhard T, Vinciguerra P. Visual Outcomes After 

Cataract Surgery: Multifocal Versus Monofocal Intraocular Lenses. J Refract 
Surg. 2015;31:658-666. 

2. Cao K, Friedman DS, Jin S, Yusufu M, Zhang J, Wang J, Hou S, Zhu G, 
Wang B, Xiong Y, Li J, Li X, He H, Chai L, Wan XH. Multifocal versus 
monofocal intraocular lenses for age-related cataract patients: a system review 
and meta-analysis based on randomized controlled trials. Surv Ophthalmol. 
2019;64:647-658.

3. Zhang F, Sugar A, Jacobsen G, Collins M. Visual function and patient 
satisfaction: Comparison between bilateral diffractive multifocal intraocular 
lenses and monovision pseudophakia. J Cataract Refract Surg. 2011;37:446-453.  

4. Kohnen T, Herzog M, Hemkeppler E, Schönbrunn S, De Lorenzo N, Petermann 
K, Böhm M. Visual Performance of a Quadrifocal (Trifocal) Intraocular Lens 
Following Removal of the Crystalline Lens. Am J Ophthalmol. 2017;184:52-
62. 

5. Mencucci R, Favuzza E, Caporossi O, Savastano A, Rizzo S. Comparative 
analysis of visual outcomes, reading skills, contrast sensitivity, and patient 
satisfaction with two models of trifocal diffractive intraocular lenses and an 
extended range of vision intraocular lens. Graefes Arch Clin Exp Ophthalmol. 
2018;256:1913-1922.

6. Mendicute J, Kapp A, Lévy P, Krommes G, Arias-Puente A, Tomalla M, 
Barraquer E, Rozot P, Bouchut P. Evaluation of visual outcomes and patient 
satisfaction after implantation of a diffractive trifocal intraocular lens. J 
Cataract Refract Surg. 2016;42:203-210. 

7. Guo Y, Wang Y, Hao R, Jiang X, Liu Z, Li X. Comparison of Patient 
Outcomes following Implantation of Trifocal and Extended Depth of Focus 
Intraocular Lenses: A Systematic Review and Meta-Analysis. J Ophthalmol. 
2021;2021:1115076. 

8. Hovanesian JA, Jones M, Allen Q. The Vivity Extended Range of Vision IOL 
vs the PanOptix Trifocal, ReStor 2.5 Active Focus and ReStor 3.0 Multifocal 
Lenses: A Comparison of Patient Satisfaction, Visual Disturbances, and 
Spectacle Independence. Clin Ophthalmol. 2022;16:145-152.

9. Kanclerz P, Toto F, Grzybowski A, Alio JL. Extended Depth-of-Field 
Intraocular Lenses: An Update. Asia Pac J Ophthalmol (Phila). 2020;9:194-
202.

10. Ferreira TB, Ribeiro FJ, Silva D, Matos AC, Gaspar S, Almeida S. Comparison 
of refractive and visual outcomes of 3 presbyopia-correcting intraocular lenses. 
J Cataract Refract Surg. 2022;48:280-287.

11. Park ES, Ahn H, Han SU, Jun I, Seo KY, Kim EK, Kim TI. Visual outcomes, 
spectacle independence, and patient satisfaction of pseudophakic mini-
monovision using a new monofocal intraocular lens. Sci Rep. 2022;12:21716. 

12. Solomon KD, Sandoval HP, Potvin R. Visual outcomes, satisfaction, and 
spectacle independence with a nondiffractive extended vision intraocular lens 
targeted for slight monovision. J Cataract Refract Surg. 2023;49:686-690.

13. Egrilmez S, Egrilmez ED, Akkin C, Kaskaloglu M, Yagci A. A new Turkish 
near reading chart which covers international standards. Turk J Ophthalmol. 
2004;34:404-412.

14. Chua BE, Mitchell P, Cumming RG. Effects of cataract type and location on 
visual function: the Blue Mountains Eye Study. Eye (Lond). 2004;18:765-772.

15. Mangione CM, Lee PP, Gutierrez PR, Spritzer K, Berry S, Hays RD; 
National Eye Institute Visual Function Questionnaire Field Test Investigators. 
Development of the 25-item National Eye Institute Visual Function 
Questionnaire. Arch Ophthalmol. 2001;119:1050-1058.

16. Sezgin Asena B. Visual and refractive outcomes, spectacle independence, 
and visual disturbances after cataract or refractive lens exchange surgery: 
Comparison of 2 trifocal intraocular lenses. J Cataract Refract Surg. 
2019;45:1539-1546.

17. Ribeiro F, Ferreira TB. Comparison of clinical outcomes of 3 trifocal IOLs. J 
Cataract Refract Surg. 2020;46:1247-1252.

18. Rosen E, Alió JL, Dick HB, Dell S, Slade S. Efficacy and safety of multifocal 
intraocular lenses following cataract and refractive lens exchange: Metaanalysis 
of peer-reviewed publications. J Cataract Refract Surg. 2016;42:310-328.

19. Woodward MA, Randleman JB, Stulting RD. Dissatisfaction after multifocal 
intraocular lens implantation. J Cataract Refract Surg. 2009;35:992-997.

20. de Vries NE, Webers CA, Touwslager WR, Bauer NJ, de Brabander J, 
Berendschot TT, Nuijts RM. Dissatisfaction after implantation of multifocal 
intraocular lenses. J Cataract Refract Surg. 2011;37:859-865. 

21. Kamiya K, Hayashi K, Shimizu K, Negishi K, Sato M, Bissen-Miyajima H; 
Survey Working Group of the Japanese Society of Cataract and Refractive 
Surgery. Multifocal intraocular lens explantation: a case series of 50 eyes. Am 
J Ophthalmol. 2014;158:215-220.

22. Webers VSC, Bauer NJC, Saelens IEY, Creten OJM, Berendschot TTJM, 
van den Biggelaar FJHM, Nuijts RMMA. Comparison of the intermediate 
distance of a trifocal IOL with an extended depth-of-focus IOL: results of a 
prospective randomized trial. J Cataract Refract Surg. 2020;46:193-203. 

23. Karam M, Alkhowaiter N, Alkhabbaz A, Aldubaikhi A, Alsaif A, Shareef E, 
Alazaz R, Alotaibi A, Koaik M, Jabbour S. Extended Depth of Focus Versus 



Can and Bayhan. Mini-Mono-Vision Technique Comparative Study

197

Trifocal for Intraocular Lens Implantation: An Updated Systematic Review 
and Meta-Analysis. Am J Ophthalmol. 2023;251:52-70.

24. MacRae S, Holladay JT, Glasser A, Calogero D, Hilmantel G, Masket S, Stark 
W, Tarver ME, Nguyen T, Eydelman M. Special Report: American Academy 
of Ophthalmology Task Force Consensus Statement for Extended Depth of 
Focus Intraocular Lenses. Ophthalmology. 2017;124:139-141.

25. American National Standard for Ophthalmics. ANSI Z80.35-2018: extended 
depth of focus intraocular lenses. 2018. Available at: https://webstore.ansi.org/
standards/vc%20(asc%20z80)/ansiz80352018?gad_source=1&gclid=EAIaI
QobChMIoOG48qTOhwMV5KmDBx0vIQafEAAYASAAEgKbxfD_BwE

26. Megiddo-Barnir E, Alió JL. Latest Development in Extended Depth-of-Focus 
Intraocular Lenses: An Update. Asia Pac J Ophthalmol (Phila). 2023;12:58-
79. 

27. Fernández J, Rocha-de-Lossada C, Zamorano-Martín F, Rodríguez-Calvo-de-
Mora M, Rodríguez-Vallejo M. Positioning of enhanced monofocal intraocular 
lenses between conventional monofocal and extended depth of focus lenses: a 
scoping review. BMC Ophthalmol. 2023;23:101.

28. Łabuz G, Son HS, Naujokaitis T, Yildirim TM, Khoramnia R, Auffarth GU. 
Laboratory Investigation of Preclinical Visual-Quality Metrics and Halo-Size 
in Enhanced Monofocal Intraocular Lenses. Ophthalmol Ther. 2021;10:1093-
1104. 

29. Rayner. RayOne EMV monovision enhanced. Accessed on August 17, 2022. 
https://rayner.com/en/iol/monofocal/rayone-emv

30. Asena L, Kırcı Dogan İ, Oto S, Dursun Altınors D. Comparison of visual 
performance and quality of life with a new nondiffractive EDOF intraocular 
lens and a trifocal intraocular lens. J Cataract Refract Surg. 2023;49:504-511. 

31. Jandewerth T, Biller M, Kohnen T. Intolerance of a non-diffractive extended-
depth-of-focus IOL with mini-monovision. Am J Ophthalmol Case Rep. 
2022;29:101770.

32. van Amelsfort T, Webers VSC, Bauer NJC, Clement LHH, van den Biggelaar 
F, Nuijts R. Visual outcomes of a new nondiffractive extended depth-of-focus 
intraocular lens targeted for minimonovision: 3-month results of a prospective 
cohort study. J Cataract Refract Surg. 2022;48:151-156.


