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Purpose: To determine long-term efficacy and safety of an extended macular vision intraocular lens (IOL) implanted in patients with 
dry age-related macular degeneration (AMD) and visually insignificant cataracts.
Design: Retrospective observational case series.
Setting: MicroChirurgia Oculare, Italy.
Methods: A retrospective case series of patients with dry AMD and visually insignificant cataracts undergoing phacoemulsification 
and implantation of an extended macular vision IOL designed to optimize image quality up to 10° from the foveal center (EyeMax 
Mono, Sharpview Ophthalmology, London, UK). Criteria for implantation were visually insignificant cataract (NC1 according to 
LOCS III classification) with dry age-related macular degeneration. Hypermetropia was targeted in most eyes to provide magnification 
when corrected with spectacles. Primary outcome measures were changes in corrected distant and secondary outcome measures 
included near visual acuity (CDVA and CNVA, respectively) between baseline and latest follow-up and safety outcomes.
Results: 113 eyes of 86 patients (mean age 70.3±7.9 years) were included (mean follow-up: 48.3±25.1 months). Mean CDVA 
improved by 0.22 logMAR (11 ETDRS letters), from 0.53±0.4 to 0.31±0.3 (n=113, p<0.001). Similarly, mean CNVA improved by 
0.08 logMAR (4 ETDRS letters), from 0.45±0.2 to 0.37±0.2 (n=77, p<0.001). Eleven eyes had AMD with extensive atrophy, and their 
mean CDVA improved by 0.32 logMAR (16 ETDRS letters). Three eyes (2.7%) experienced loss of more than one line in logMAR 
CDVA and four eyes (5.2%) experienced loss of more than one line in logMAR CNVA. No complications or instances of IOL 
exchange were reported.
Conclusion: Visual improvement in eyes with visually insignificant cataract and AMD who underwent phacoemulsification and were 
implanted with EyeMax Mono IOL appears to be influenced by the IOL optical design. Vision enhancement in eyes with visually 
insignificant cataracts underscores the IOL’s ability to optimize use of healthy retinal areas. Prospective studies with control groups are 
needed to confirm these findings.
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Introduction
Central vision loss refers to the impairment or loss of the central portion of the visual field, which is responsible for sharp 
vision and the ability to perceive fine details, recognize faces, and read text.1 Loss of central vision occurs due to macular 
diseases such as age-related macular degeneration (AMD), Stargardt disease, and diabetic retinopathy.2 Blindness due to 
AMD alone affects 2–3% of the US population aged >50 years.3 It is estimated that by 2040, 288 million people will 
suffer from AMD worldwide.4 Loss of central vision can significantly impact an individual’s quality of life.

Patients with macular diseases such as AMD usually develop an adaptive mechanism to overcome central vision loss 
by selecting a preferred retinal locus (PRL). PRL allows a patient with a damaged macula to use a different part of the 
macula other than the fovea. In other words, the brain locates a healthy region of the macula and uses it as an alternative 
to the fovea. Unfortunately, when this occurs, vision is less crisp because the PRL outside the fovea does not naturally 
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provide the same quality of vision as that of the fovea. However, the brain automatically selects a PRL that provides the 
sharpest vision that can be achieved in patients with macular pathology.5,6 PRLs can be evaluated using microperimetry 
to assess fixation stability through indices, such as bivariate contour ellipse areas (BCEA 63% and BCEA 95%). 
Microperimetry also determines the PRL’s location relative to the fovea, providing valuable insights into the patient’s 
visual function.7 Corresponding PRLs in both eyes need to be developed for achieving useful binocular vision.8

Different solutions have been proposed to help patients with central vision loss, including low-vision aids and intraocular 
telescopes. Low vision aids such as hand/stand magnifiers and closed-circuit televisions, though effective, have several 
limitations because they are cumbersome to use and cosmetically unappealing.9 Implantable devices such as implantable 
miniature telescopes (IMT), and the intraocular lens for visually impaired people (IOL-VIP) system surpass the limitations of 
low vision aids by creating a magnified retinal image. However, drawbacks include a limited field of view, potential 
complications such as endothelial cell loss, and the need for post-surgical PRL training making careful patient selection 
crucial.10 Furthermore, the use of intraocular telescopes requires a larger corneal incision and advanced surgical skills.10,11

Patients with macular disorders who require cataract surgery are usually implanted with standard IOLs, often 
monofocal models, and vision is subsequently optimized with glasses. Unfortunately, monofocal IOLs tightly focus 
light on the fovea (up to 4 degrees of retinal eccentricity),12 an area that may already be affected by the pathology.13,14

To the best of our knowledge, the EyeMax Mono (Sharpview Ophthalmology, London, UK) is currently the only 
extended macular vision (EMV) IOL, reported in the scientific literature and commercially available to surgeons in Europe. 
It was specifically designed to enhance the image quality at the PRL located within 10° of eccentricity. It aims to help the 
patient to develop a single or multiple PRLs in potentially unaffected areas of the retina.15 It is a single-piece, soft, 
hydrophobic acrylic IOL similar to standard monofocal IOLs in implantation technique and safety profile but it features 
wavefront-optimized optics designed to broaden the focus and minimize image blurring in a large area of the retina.12,15

Previous studies have primarily focused on the short-term efficacy and safety of the EyeMax Mono IOL, predomi-
nantly in cases of age-related macular degeneration (AMD) in a variety of patients.12,15,16 This study investigated the 
visual outcomes of this EMV IOL in patients who preoperatively had visually insignificant cataracts and were diagnosed 
with AMD to isolate the effectiveness of the IOL alone.

At the time of this study (2024), the EyeMax Mono IOL is not yet FDA-approved, but it is CE-marked, so licensed 
for use in the European Union.

Methods
Study Design
This retrospective observational study investigated the visual outcomes of EyeMax Mono IOL in patients with dry AMD 
(intermediate grade or more severe). Local ethics approval (Micro Chirurgia Oculare, Milan, Italy) was obtained for this 
retrospective consecutive case series, which adhered to the tenets of the Declaration of Helsinki. Each patient provided 
written informed consent after the nature of the procedure and options had been discussed. All surgeries were performed 
by a single surgeon (FB) between June 2016 and June 2023.

Patients
The study recruited a cohort of individuals who preoperatively had center-involving maculopathy (intermediate AMD or 
worse) and visually insignificant cataracts (NC1 according to the LOCS III classification),17,18 and underwent cataract 
extraction with EyeMax Mono IOL implantation to optimize visual acuity between June 2016 and June 2023. AMD was 
graded according to AREDS study,19 where intermediate AMD is defined as having one or more large (≥125 μm) drusen 
and/or extensive intermediate (≥63 μm but < 125 μm) drusen.

Included eyes must have healthy retina within 2 disc-diameters from the fovea. Visual results of eyes with AMD with 
extensive atrophy were discussed separately as they were not expected to improve by cataract removal.20 These eyes exhibited 
fovea-involving geographic atrophy or had geographic atrophy measuring at least one disc area (AREDS grade 6 or 7).21
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Eyes with a non-functional retina located approximately within 2-disc diameters (equivalent to 10 degrees) from the 
foveal center were excluded. Other exclusion criteria were the presence of wet AMD or any other visual condition that 
might interfere with visual outcomes such as glaucoma, and corneal diseases.

Patient consent was obtained in line with standard practice relating to cataract surgery in the context of macular 
disease, specifically with regard to the limited benefits where there was extensive central macular involvement and the 
potential advantages of image optimization where there was an existing preferred retinal locus or the potential for 
becoming dependent on one in the future. Patients were informed of the limitations of optical approaches in the context 
of progressive disease and expected progressive loss of vision due to the underlying retinal disease; patients were also 
informed that IOL implantation would have no effect on the progression of the retinal pathology, and the only intention 
of the surgery was the optimization of their existing vision quality.

All subjects underwent baseline and postoperative assessment of corrected distance (decimal converted to logMAR) 
and near visual acuity (Jaeger chart converted to logMAR22), manifest refraction, intraocular pressure measurement 
(Goldmann applanation tonometry), macular optical coherence tomography (Spectralis, Heidelberg Engineering, 
Germany) and examination of the anterior segment and dilated fundus.

Cataract subtype and density were graded by one surgeon (FB) and one optometrist, according to the LOCS III 
scale;17 only eyes with visually insignificant cataract18 and no posterior subcapsular cataract were included in this 
analysis to isolate the effect of the EyeMax Mono IOL from the visual improvement achieved by removing the cataract.

The primary outcome measure was the change in corrected distance visual acuity (CDVA) from the baseline to the 
last follow-up. Secondary outcome measures included the change in corrected near visual acuity (CNVA) from baseline 
to the last follow-up, as well as safety, which was assessed in accordance with the American Academy of Ophthalmology 
Cataract in the Adult Eye Preferred Practice Pattern.23

The EyeMax Mono IOL
The EyeMax Mono IOL is a CE-marked single piece that is currently available in Europe. It is an injectable, 
hydrophobic, acrylic extended macular vision intraocular lens designed for placement in the capsular bag.

Laboratory simulations demonstrate that the IOL produces high-quality images at 4° and 7.5° from the fovea 
indicating its optimization for extended macular vision.15

The intraocular lens (IOL) incorporates a hyperaspheric design, which builds upon the concept of aspheric lenses to 
minimize optical distortions near the lens periphery. The lens optics are wavefront-optimised to minimise image blur 
across all areas of the macula extending 10 degrees from the foveal centre;15,24 this is opposed to standard monofocal 
IOLs, where image quality is poor outside the central 4 degrees from the foveal centre (Figure 1).12 For the EMV IOL, as 

Figure 1 EyeMax Mono field of optimization.
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the dioptric power of the IOL increases, the posterior surface of the lens becomes more curved while the anterior surface 
changes the sign of the curvature, running from positive curvature to a flatter curvature and then negative curvature; 
details of the extended macular vision IOL have been described in the literature.12

Surgical Intervention
A modest hypermetropic postoperative refraction was targeted, depending on the severity of the macular disease and 
refraction in the unoperated eye at the surgeon’s discretion. For example, +2 D of hypermetropia after surgery creates 
approximately 1.2x spectacle-corrected magnification with a reading addition. Such patients were counselled that they 
would be more dependent on single-vision distance and near glasses postoperatively.

The intraocular lens power was estimated using the Haigis formula and an A-constant of 119.2. Implantation was 
performed via standard phacoemulsification cataract surgery (CENTURION® Vision System, Alcon, Fort Worth, Texas, 
USA) under topical and intracameral anesthesia. The extended macular vision IOL was injected into the capsular bag via 
a 2.7 mm clear corneal incision. Subjects were managed with a standard postoperative regimen of dexamethasone 0.1% 
eye drops, four times daily, tapered over a month, and a topical antibiotic for two weeks.

Statistical Analyses
Statistical analysis was performed using the SPSS software version 23 (IBM, Armonk, USA). Descriptive statistics, in 
the form of mean±standard deviation, were used to summarize the changes in CDVA and CNVA. A paired nonparametric 
test (Wilcoxon signed-rank test) was used to compare CDVA and CNVA preoperatively versus the last follow-up. 
Comparisons of different groups at the same time points were performed using Welch’s t-test. The Shapiro–Wilk test was 
used to determine normality. Pearson’s correlation coefficient was used to estimate the correlation between the numerical 
data. A p<0.05 was considered statistically significant.

Results
Data from 113 eyes of 86 patients were analyzed. All surgeries were performed between March 2016 and July 2023. The 
mean age was 70.3±7.9 years (range: 46–87; median: 72). Males accounted for 51.2% of the study cohort. All the eyes 
had dry AMD (intermediate AMD or worse). One patient had dry AMD at a relatively young age (46 years) due to 
occupational sun exposure25 and was followed up for 76 months. Eleven eyes (9.7%) had extensive atrophy (geographic 
atrophy with a size of ≥ 2-disc diameter involving the fovea). We have created this subgroup since they have the worst 
prognosis and are not likely to improve by cataract removal.20 The mean follow-up duration for all eyes was 48.3±25.1 
months (range: 1–85; median: 56). Table 1 presents demographic data.

Table 1 Demographics

N (%); 
mean±SD [min-max; median]

Patients, n 86
Gender, n (%)

Male 44 (51.2%)

Female 42 (48.8%)
Age, years 70.3±7.9 [46–87; 72] (n=80)

Eyes, n 113

Laterality
Left 51 (45.1%)

Right 62 (54.9%)

Retinal pathology
Dry AMD 102 (90.3%)

Dry AMD – extensive atrophy 11 (9.7%)

Follow-up duration (months) 48.3±25.1 [1–85; 56]
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Efficacy
Table 2 shows the mean improvement in the visual and refractive outcomes following IOL implantation. CDVA 
(logMAR) significantly improved from 0.53±0.4 to 0.31±0.3 (n=113; p<0.001), which is equivalent to a mean improve-
ment of 11 ETDRS letters. CNVA (logMAR) significantly improved from 0.45±0.2 to 0.37±0.2 (4 ETDRS letters) (n=77; 
p<0.001). Mean preoperative spherical equivalent (SE) was −0.35±2.6 D (range: −9.9 to +3.4; median: 0.3; n=109); 
mean postoperative SE was +2.13±1.0 D (range: −1.5 to +4.3; median: +2.1; n=108).

CDVA (logMAR) changes: 107 eyes (94.7%) gained one line or more, 3 eyes (2.65%) had no change, and 3 eyes 
(2.65%) lost one or more lines. CNVA (logMAR) changes: 39 eyes (50.6%) gained one or more lines, 30 eyes (39.0%) 
had no change, and 8 eyes (10.4%) lost one or more lines. Thirty-nine eyes (34.5%) gained three or more lines of CDVA 
and 12 eyes (15.6%) gained three or more lines of CNVA (Figure 2A). Baseline OCT images of certain eyes that 
demonstrated notable improvements in CDVA are displayed in Figure 3.

Table 2 Comparison of Outcomes (mean±SD) at Preop and 
Postop. P value Calculated Using Wilcoxon Signed-Rank Test. 
IOP=intraocular Pressure; CDVA=best-Corrected Distance Visual 
Acuity; CNVA=best-Corrected Near Visual Acuity; SE=spherical 
Equivalent; D=diopters

Parameters Preop Postop p value

CDVA (logMAR) 0.53±0.4 (n=113) 0.31±0.3 (n=113) <0.001*

CNVA (logMAR) 0.45±0.2 (n=77) 0.37±0.2 (n=77) <0.001*

Sphere (D) −0.20±2.5 (n=93) +1.87±0.8 (n=103) —
Cylinder (D) −0.41±1.5 (n=95) +0.83±0.8 (n=90) —

SE (D) −0.35±2.6 (n=109) +2.13±1.0 (n=108) —

IOP (mmHg) 13.9±1.7 (n=113) 13.8±1.9 (n=112) 0.541

Note: *Statistically significant.

Figure 2 (A) Gain/loss of CDVA and CNVA lines. (B) Gain/loss of CDVA and CNVA lines grouped by severity.
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Nine eyes were rendered emmetropic (SE<1D) postoperatively, excluding the effect of magnification obtained by 
correcting postoperative hypermetropia. Their mean postoperative SE was −0.10±0.8 D (n=9) while their baseline SE 
was −5.35±3.0 D (n=9). Their CDVA (logMAR) significantly improved from 0.42±0.3 to 0.19±0.2 (n=9) (p=0.004) and 
their CNVA (logMAR) was 0.32±0.1 at baseline and 0.28±0.1 (n=7) at the latest follow-up (p=0.269).

Correlations
There was a trend towards greater changes in CDVA in patients with poorer baseline CDVA (Pearson’s r=0.412; 
p<0.001); similarly, a greater CNVA change (improvement) was noticed in eyes with worse preoperative CNVA 
(Pearson’s r=0.453; p<0.001). Additionally, both postoperative CDVA and CNVA were strongly correlated with their 
respective preoperative values (Pearson’s r=0.852, p<0.001 and Pearson’s r=0.657, p<0.001, respectively).

The following correlations were also observed between preoperative and postoperative measurements: preoperative 
CDVA is strongly correlated to both preoperative and postoperative CNVA (Pearson’s r=0.575; p<0.001 and Pearson’s 
r=0.646; p<0.001, respectively); postoperative CDVA is strongly correlated to both preoperative and postoperative 

Figure 3 (A) Pre-operative macular OCT image of the left eye of a 76-year-old woman with dry AMD who underwent cataract extraction and extended macular vision IOL 
implantation. (B) pre-operative macular OCT image of the left eye of a 79-year-old woman with patchy geographic atrophy who underwent cataract extraction and 
extended macular vision IOL implantation. (C) pre-operative macular OCT image of the right eye of a 69-year-old man with retinal pigment epithelial detachment who 
underwent cataract extraction with extended macular vision IOL implantation. (D) pre-operative macular OCT images of the left eye of an 81-year-old man with mild 
vitelliform macular dystrophy-like changes who underwent cataract extraction and extended macular vision IOL implantation.
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CNVA (Pearson’s r=0.543; p<0.001 and Pearson’s r=0.714; p<0.001, respectively). Notably, follow-up duration were not 
correlated with postoperative CDVA or CNVA.

When classified in the groups based on severity, in the dry AMD group, postoperative CDVA was again strongly 
correlated to preoperative CDVA (Pearson’s r=0.744; p<0.001), preoperative CNVA (Pearson’s r=0.450; p<0.001), and 
postoperative CNVA (Pearson’s r=0.647; p<0.001). Similarly, postoperative CNVA strongly correlated with preoperative 
CDVA (Pearson’s r=0.532; p<0.001) and preoperative CNVA (Pearson’s r=0.571; p<0.001). In contrast, due to the small 
sample size and missing data in the AMD with extended atrophy group, the postoperative CDVA was only strongly 
correlated with the preoperative CDVA (Pearson’s r = 0.949; p < 0.001).

In Table 3 and Figure 2B, eyes are categorized based on AMD severity, with a distinct group for those exhibiting 
extensive atrophy due to their poor prognosis. Both groups showed significant improvement in CDVA (0.21 logMAR for 
Dry AMD group and 0.32 logMAR for Dry AMD with extensive atrophy group), whereas the dry AMD group showed 
significant improvement in CNVA. The group “Dry AMD – extensive atrophy” (n=2) was not sufficiently powered to 
return a statistically significant result for CNVA. Overall, CDVA improved better than CNVA (Figure 2b).

As shown in Table 4, the improvement in CDVA in eyes that had visually insignificant cataract was maintained up to 
96 months (p<0.001).

Table 3 CDVA and CNVA Outcomes Grouped by Severity. P values Between Groups Calculated Using Welch’s Test; 
P values Between Time points Calculated Using Wilcoxon Signed-Rank Test. CDVA=best-Corrected Distance Visual 
Acuity; CNVA=best-Corrected Near Visual Acuity; AMD=Age-Related Macular Degeneration

CDVA (logMAR) CNVA (logMAR)

Preop Postop p value Preop Postop p value

Dry AMD 0.47±0.3 (n=102) 0.26±0.3 (n=102) <0.001* 0.43±0.2 (n=75) 0.36±0.2 (n=75) <0.001*

Dry AMD – extensive atrophy 1.11±0.5  

(n=11)

0.79±0.5  

(n=11)

0.004* 0.90±0.6 

(n=2)

0.90±0.6 

(n=2)

N/A

p value (between groups) 0.003* 0.004* – N/A N/A –

Note: *Statistically significant.

Table 4 CDVA and CNVA Outcomes Grouped by Follow-Up Duration (Months). P values Between Groups Calculated Using Welch’s 
Test; P values Between Time points Calculated Using Wilcoxon Signed-Rank Test. CDVA=best-Corrected Distance Visual Acuity; 
CNVA=best-Corrected Near Visual Acuity

CDVA (logMAR) CNVA (logMAR)

Follow-up 
duration

Preop Postop p value preop 
vs postop

Change in 
CDVA

Preop Postop p value preop 
vs postop

Change in 
CNVA

0–6 months 0.47±0.2 

(n=11)

0.29±0.2 

(n=11)

0.004* 0.17±0.1 

(n=11)

0.39±0.2 

(n=11)

0.36±0.2 

(n=11)

0.295 0.04±0.1 

(n=11)

7–30 months 0.47±0.3 

(n=22)

0.29±0.2 

(n=22)

<0.001* 0.17±0.2 

(n=22)

0.50±0.3 

(n=21)

0.34±0.2 

(n=21)

<0.001* 0.17±0.2 

(n=21)

31–60 months 0.47±0.3 

(n=30)

0.21±0.3 

(n=30)

<0.001* 0.26±0.2 

(n=30)

0.40±0.1 

(n=28)

0.36±0.2 

(n=28)

0.152 0.04±0.2 

(n=28)

61–96 months 0.61±0.4 

(n=50)

0.38±0.4 

(n=50)

<0.001* 0.23±0.2 

(n=50)

0.48±0.4 

(n=17)

0.44±0.4 

(n=17)

0.123 0.05±0.3 

(n=17)

p value  

(between groups)

0.264 0.206 - 0.193 0.346 0.777 - 0.030*

Note: *Statistically significant.
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Safety
No intra- or postoperative complications were identified, and there were no issues with IOL implantation. None of the 
eyes required IOL exchange and there were no reported cases of diplopia or dysphotopsia. Mean intraocular pressure 
(IOP) was stable: 13.9±1.7 mmHg preoperatively and 13.8±1.9 mmHg postoperatively (p=0.54, n=112).

Discussion
Central vision loss caused by AMD impacts individuals’ daily activities, leading to emotional, social, and economic 
consequences such as decreased independence, reduced quality of life, and increased depression.24 Managing central 
vision loss is crucial to alleviate its burden on affected individuals and society.

The primary objective of the current study was to evaluate the improvement in CDVA achieved by the EyeMax Mono 
EMV IOL in patients with moderate AMD or worse over an extended period of time. Eyes with NC1 cataract were 
selected to provide a clearer understanding of the lens’s effectiveness in improving vision for AMD patients, in isolation 
from the removal of the cataract. According to Chew et al, cortical cataract less than grade 3 does not affect the vision.18 

Early cases of AMD were also not included in the study because far visual acuity under photopic conditions is barely 
affected at this stage.26

One hundred and thirteen eyes were included in this study. The primary outcome of the current study was the change 
in CDVA between baseline and the last follow-up. After a mean of 48.3 months, mean CDVA improved by 0.22 logMAR 
(p<0.001), which is less than the mean improvement achieved in a study by Qureshi et al on 244 eyes (0.35 logMAR 
after 3 months).15 This can be justified by fact that Qureshi et al recruited patient with cataracts and with a lower mean 
baseline CDVA in their study (1.06 logMAR in their study vs 0.53 logMAR in the current study); indeed, in the current 
study we observed that a lower baseline visual acuity was correlated with a greater gain in visual acuity (Pearson’s 
r=0.412; p<0.001). In addition, the current study excluded the effect of cataract removal by selecting eyes with visually 
insignificant cataract, whereas the cataract degree was not specified in the study by Qureshi et al.

The main finding of this study is the visual improvement of eyes with visually insignificant cataract, and the visual 
outcome in these eyes isolates the optical effect of the IOL from the effect of cataract removal. Both CDVA and CNVA 
significantly improved by a mean of 0.22 logMAR and 0.07 logMAR, respectively. In 2018, Hengerer et al assessed the 
effect of the sulcal implantation of a lens of the same optical design of the EyeMax Mono in 22 pseudophakic eyes, with 
moderate to severe dry AMD, stable wet AMD, or disciform scar, and reported an improvement in CDVA of 0.39 
logMAR.27 Similarly, in the current study, 11 eyes of the NC1 group had dry AMD with extensive maculopathy, and 
those eyes achieved an improvement of 0.32 logMAR.

The CDVA improvement in dry AMD with extensive atrophy cases is particularly meaningful since it was not 
expected to improve visual acuity in cases with extensive geographic atrophy.20 Baseline OCT images of patients with 
extensive AMD-related atrophy who experienced notable improvements in CDVA are displayed in Figure 3b–d.

Previous studies on the EyeMax Mono IOL had relatively short follow-up periods, with the longest postoperative 
follow-up period of 6 months. Since new PRLs can take up to 6 months to fully develop in old age,28,29 a longer follow-up 
might reveal better visual improvement. In the current study, eyes were followed up for 48.3±25.1 months (range: 1–85 
months; median: 56 months). This study also aimed to determine whether visual acuity gains in the eyes were eroded by the 
progressive nature of retinal diseases (Table 4). Interestingly, eyes that were followed up the longest (61–96 months) still 
showed a significant improvement in CDVA of 0.23±0.2 logMAR (n=50, p<0.001) as compared to preoperative values. We 
hypothesized that the large area of focus provided by the EMV IOL design allows the brain to find new PRLs despite the 
progression of retinal pathology. This can provide hope to those who lose their central vision at a young age. Indeed, one of 
our patients was diagnosed with AMD at a relatively young age due to occupational sun exposure,25 was followed for 76 
months, and had CDVA improved from logMAR 0.3 to logMAR 0.12 at the last follow-up.

Interestingly, according to Table 4, the mean postoperative CDVA was better in eyes with follow-up at 31–96 months 
than in eyes with 1–30 months although the difference was not statistically significant (p=0.193).

Despite no significant difference between the different follow-up groups at baseline, it seems that preoperative CDVA 
was worst in the earliest cases (Table 4); speculatively, the reason is that we began by implanting the IOL in the most 
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severe maculopathy cases, and as we observed positive outcomes in these patients, we started including less severe cases 
as well. Nevertheless, this observation is consistent with our finding that patients with poorer preoperative CDVA 
experienced greater improvement after surgery.

It could be argued that the improvement in visual acuity in extended macular vision IOL implantation is due to 
magnification achieved by spectacle correction of postoperative hypermetropia. Indeed, the refractive target in most cases 
was +2D to +3.5D, which is expected to give up to 1.2x magnification. However, 9 eyes had postoperative SE <1D. Their 
CDVA significantly improved by 0.23 logMAR (p=0.004) indicating that in addition to the magnification, the design of 
the EMV IOL that optimizes vision in the whole macula contributes to the improvement of vision in eyes with spectacle- 
corrected hypermetropia postoperatively.

Patients with a lower baseline CDVA showed a trend toward greater postoperative gains (Pearson’s r=0.412; 
p<0.001). Similarly, worse preoperative CNVA was associated with greater postoperative improvement (Pearson’s 
r=0.453; P <0.001). Notably, follow-up duration were not correlated to both CDVA and CNVA at the last follow-up, 
suggesting that the progressive nature of the disease did not compromise the CDVA and CNVA gains achieved by the 
EMV IOL.

The safety of the EyeMax Mono IOL has been established in previous research.12,15,27 In this cohort, only three eyes 
(2.7%) lost one or more lines of CDVA, and four eyes (5.2%) lost one or more lines of CNVA. This may be attributed to 
the progression of the retinal pathology. No significant changes were noted in the IOP.

Compared with other IOLs for AMD patients such as the IOL-AMD system, which provides similar magnification 
(1.3x),30,31 EyeMax Mono requires a smaller capsulorrhexis (2.7 mm vs 6 mm for IOL-VIP)31 because the latter is 
thicker, consisting of two IOLs. Moreover, a preoperative iridotomy is required with IOL-VIP system to avoid the risk of 
pupillary block.31 Additionally, the outcomes of the IOL-VIP system depend on a rehabilitation program for PRL 
training, which is not necessary for the EyeMax Mono IOL.30,31 In one study on IOL-VIP system, 40 eyes with central 
scotoma due to a macular disease showed a mean improvement in logMAR CDVA from 1.28 to 0.77,31 which is greater 
than the CDVA gain in the current study (from 0.53±0.4 to 0.31±0.3), perhaps because the baseline CDVA was worse. It 
is expected that eyes with worse CDVA will experience greater postoperative CDVA gains, as evidenced by the group 
with extensive atrophy that improved from 1.11±0.5 to 0.79±0.5.

One limitation of this study is its retrospective design, which did not allow for the collection of additional objective 
data, such as OCT angiography, contrast sensitivity, and microperimetry, nor did it permit the assessment of the impact of 
the IOL on the quality of life. Other limitations are the lack of CNVA data in several eyes and that binocular visual acuity 
was not reported in the cohort who had the IOL implanted in both eyes – which could have given additional indications 
of functional vision. In the study by Hengerer et al, binocular visual acuity was found to improve over time due to 
neuroadaptation.27

In this study, we examined the effect of EyeMax Mono IOL implantation in individuals who preoperatively had 
visually insignificant cataracts and center-involving maculopathy - intermediate AMD or worse. The observed improve-
ment suggests the effectiveness of the IOL’s ability to utilize unaffected retinal areas for better vision. These enhance-
ments emphasize the role of the IOL’s optical design in optimizing visual outcomes, independent of cataract removal or 
magnification adjustments through spectacles.

Future research and prospective studies with a control group are needed to verify these findings and shed light on the 
contribution of the EyeMax Mono IOL optical design to visual improvements, including contrast sensitivity, in addition 
to distant and near visual acuity, and to refine treatment options for those with central vision loss due to various macular 
lesions. Additionally, future research should include an evaluation of the effect of EMV IOL implantation on patients’ 
quality of life as well as the change in microperimetry after implanting an EMV IOL, which was not recorded in our 
study.

Summary
An extended macular vision IOL designed to optimize image quality across a wider macular area was found to be safe 
and effective, delivering superior long-term visual outcomes in patients with central vision loss.
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