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Abstract: Age-related macular degeneration (AMD) is the leading cause of blindness in the 
developing world. AMD causes a substantial burden on patients, reducing independence, 
their ability to conduct daily activities, and increasing rates of cognitive decline and depres-
sion. There is a significant unmet need for patients with AMD, which will grow as the 
population ages and rates of disease increase. In the past, many studies have demonstrated 
a benefit when coexisting cataract formation is treated by removing the cloudy lens. AMD- 
lenses are intraocular implants designed to improve visual acuity in patients with AMD, 
avoiding the need for cumbersome manual vision aids and magnifiers. Many IOLs have been 
investigated in AMD, with differing mechanisms aimed at overcoming visual impairment. 
Most AMD studies use Early Treatment Diabetic Retinopathy Study (ETDRS) chart-based 
assessments of vision, but BCVA does not correlate with lesion size or pattern, especially in 
geographic atrophy, and may not be the most appropriate measure to effectively assess vision 
defects in AMD before or after a cataract surgery. One option is a simple functional 
assessment of vision related to activities of daily living (ADL), based on a reproducible, 
task-based questionnaire. The test consists of 6 assessments of ADL to be completed by 
patients before and after cataract surgery. Experiences highlight the importance of including 
an assessment of ADL in patients receiving an implant, which gives an effective measure of 
patient satisfaction. We would welcome the use of similar questionnaires in larger studies of 
patients, to validate its utility in a broader patient population. In this review article, we 
(Scandinavian-Austrian-cooperation) summarize lenses designed for implantation in patients 
with AMD, and how best to improve outcomes through proper patient selection, appropriate 
vision evaluation using quality-of-life related assessment, and pre- and post-operative care. 
Keywords: activities of daily life test, AMD, cataract, intraocular lens

Introduction
Age related macular degeneration is a progressive, debilitating disease. AMD is the 
leading cause of blindness in the developed world.1,2 Currently there is no effective 
treatment for the majority of patients suffering from dry AMD.3 Cataract and AMD 
often coexist in patients. In many cases, removing the cloudy lens can lead to 
a great benefit even in eyes with maculopathy.4 Unfortunately, not all patients are 
offered this option, as some surgeons may not have sufficient experience with this 
special group of cataract patients. Similarly, a poor perception of the effects of 
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cataract surgery in patients with AMD may have arisen 
due to widespread failure to afford sufficient attention to 
patient selection and patient expectations, and the per-
ceived effectiveness of standard lenses.

An estimated 288 million people will have AMD glob-
ally by 2040.1 80% of cases are non-neovascular atrophic/ 
dry AMD.5 Advanced dry AMD, or geographic atrophy 
(GA), results in irreversible vision loss.6 Neovascular (wet) 
AMD is responsible for most severe central vision loss.5 For 
patients with wet AMD, treatment with anti-VEGF has been 
shown to delay disease progression, but this requires a high 
burden of treatment.7,8 To date, no treatment exists for dry 
AMD or geographic atrophy.6,8 AMD causes a substantial 
burden on patients, reducing independence and their ability 
to conduct daily activities, and increasing rates of cognitive 
decline and depression.2 Consequently, there is a significant 
unmet need for patients with AMD, which will grow as the 
population ages and rates of disease increase.

Assessments of Visual Acuity and 
Effects of Vision Loss
Most AMD studies use Early Treatment Diabetic 
Retinopathy Study (ETDRS) chart-based assessments of 
vision, such as Best Corrected (Distance) Visual Acuity 
(BCVA/BCDVA). But BCVA does not correlate with 
lesion size or pattern, especially in geographic atrophy,6 

and may not be the most appropriate measure to effec-
tively assess vision defects in AMD.

Tests focused on function, such as vision and/or activ-
ities of daily living (ADL) are likely to be more relevant in 
patients with AMD. The NEI-VFQ-25 is a validated 25- 
question patient-reported outcome questionnaire that mea-
sures health indices, ADL and vision measures, and has 
been validated in AMD.9,10 The Functional Reading Index 
(FRI) was developed as a novel patient-reported outcome 
(PRO) measure for clinical trials of geographic atrophy 
and tested in the Phase 2 and Phase 3 lampalizumab 
clinical trials.11 Other measures include: maximum read-
ing speed (which correlates with lesion size in geographic 
atrophy).12 The Older American Resources and Services 
(OARS) ADL scale measures 14 activities (7 basic, 7 
advanced);13 having any AMD and advanced AMD 
increased the risk of experiencing total ADL impairment 
by 3- and 13-fold.13 A computer-based assessment of 
finding objects, recognizing faces, and mobility-related 
stress, specific for patients with AMD, has also been 
formulated.14

Nielsen, Borkenstein et al have developed a simple 
functional assessment of vision related to ADL, based on 
a reproducible, task-based questionnaire (Figure 1). The 
test consists of 6 assessments of ADL to be completed by 
patients before and after device implantation.

The tests require no specialist equipment and can be 
conducted at home or in clinic.

Unlike many other tests, these evaluations are objec-
tive – involving specific activities to be completed – rather 
than patient recollection or general impressions of 
improvement.

Borkenstein and Nielsen have trialed their assessment 
in a Danish-Austrian collaboration project with a case 
series of >100 patients. Overall, the weight of evidence 
indicates that ADL testing and better vision function 
assessments may more accurately reflect the benefits, or 
otherwise, of an AMD treatment – including IOL 
implants – when compared with static visual acuity 
measurements.

AMD-Lenses
AMD-lenses are intraocular implants designed to improve 
visual acuity in patients with AMD, avoiding the need for 
cumbersome manual vision aids and magnifiers.4,15

Many devices have been investigated in AMD, with 
differing mechanisms aimed at overcoming visual impair-
ment, these include the sub-category of intraocular tele-
scopes, such as the Implantable Miniature Telescope 
(IMT), based on the Lipshitz Mirror Implant (LMI).15,16 

Available AMD-IOLs are summarized in Table 1 and 
below - more comprehensive summaries of lens options 
have been published elsewhere:4,15

Intraocular lens for visually impaired people (IOL- 
VIP) (which requires pre- and post-operative training to 
promote the use of an alternative preferred retinal 
locus).4,15,17

iolAMD, and its successor EyeMax Mono, which use 
a hyperaspheric design to improve the quality of retinal 
image to all areas of the macular within 10° of eccentricity 
of the foveal centre when compared with standard mono-
focal IOLs.18–21 Scharioth Macula Lens, which aims to 
improve near vision of pseudophakic eyes, without affect-
ing peripheral vision or binocularity at distances further 
than 15cm.4,15,22–24 Fresnel Prism Intraocular Lens, which 
relocates the image to a healthy area of the retina.4,25 

Lentis Max IOL with a high magnification sector-shaped 
optical principle.26 IOLs provide significant benefits for 
many patients, but are associated with intrinsic and 
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Figure 1 ADL and functional vision questionnaire. Evaluations take place prior to and after surgery with IOL implantation (Image courtesy Borkenstein & Borkenstein, 
Praxis für operative und konservative Augenheilkunde).
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patient-related limitations. Although the quality of data on 
effectiveness are variable, with limited prospective clinical 
trials, these devices typically improve single letter VA 
measures.4,15,33–35

Quality of life improvements – based on functional 
measurements of vision – were reported for IMT using 
NEI-VFQ-2527 and LMI and Lentis Max using non-vali-
dated measures.16

Self-reported quality of life (using the NEI-VFQ-25) 
with IMT at 12 months resulted in a “clinically significant” 
improvement in composite score, vision-specific subscales 
and psychosocial vision-targeted subscales (albeit without 
accounting for the effects of cataract removal).27 Patients 
completed a questionnaire pre- and post-implantation of 
LMI, assessing degree of difficulty on a 5-point scale for 
reading small print, large print, telling time and counting 
money, using a keyboard/dialing a telephone, watching 
television, and independent public mobility, resulting in 
a significant improvement in score from 11.16 (±1.72) to 
4.5 (±0.83).16 In the case studies of the Lentis Max, 
a quality-of-life assessment of autonomy (on a scale 
from 0 to 10) improved from 3 preoperatively to 6 
postoperatively.26 All mentioned implants appear to be 

generally well tolerated, although intraocular telescopes 
such as the IMT require more detailed pre-operative 
assessment for suitability, a period of training post-opera-
tively and have higher rates of intra- and post-operative 
complications when compared with standard cataract sur-
gery and monofocal intraocular lens implantation.

Typical adverse events include endothelial cell loss, 
transient increases in intraocular pressure, and glare.15 

Patient selection, expectation management, and rehabilita-
tion is a necessity for many devices, including standard 
IOLs.4,15

Improving Outcomes with AMD 
Lenses
Despite the potential benefits for patients from AMD 
lenses, many surgeons appear reluctant to recommend 
and implant them in their patients.

This may be due to concerns about surgical techniques, 
poor outcomes in previously treated patients or 
a misunderstanding of the best implants to select for 
their patients. In addition, there exists a deficit in the 
literature on evidence to support the standard of care – 
with most surgeons implanting standard monofocal IOLs 

Table 1 Summary of Available IOLs and Published Data

IOL Binocularity/ 
Magnification

Efficacy Safety

Implantable 

Miniature 

Telescope (IMT)

Monocular, 

2.7x4,15,27,32

Mean BCDVA improvement of 2.41 (± 2.69) lines (76/ 

217 patients evaluable at week 60)27

Iritis >30 days after surgery (10.0%), 

patients 65 to <7527 

Decrease >2 lines BCDVA (7.9%) and 
telescope removal (7.9%), patients ≥7527

Intra ocular lens 
for visually 

impaired people 

(IOL-VIP)

Binocular, 1.3x4,15,17 All 40 eyes (35 patients) improved BCVA (mean pre- 
and post-operative logMAR BCVA: 1.47 vs 0.87, 

respectively, for patients with “very poor” VA; 0.85 vs 

0.50, respectively, for patients with “relatively good” 
VA)17

“No cases of intraoperative or 
postoperative complications were 

detected”17

EyeMax Mono Binocular, 1.2x18,22– 

24

Mean CDVA logMAR improvement (244 patient case- 

series): −0.35 (95% CI, −0.39 to −0.32, P<0.0001; 

ETDRS equivalent of 18 letters gain).21

Frequency of perioperative complications 

equivalent to standard IOL implantation18

Scharioth Macula 

Lens

Monocular, 2–3x 

(dependent on 
reading 

distance)4,15,22–24

Preoperative corrected VA correlated with 

postoperative uncorrected VA (in a prospective clinical 
trial at 12 months, 50 eyes)24

No intraoperative complications; no 

change in mean intraocular pressure; no 
change in foveal thickness by OCT24

Fresnel Prism 

Intraocular Lens

Monocular, no 

magnification4,25

Uncorrected distance VA improved in 2 of 3 patients25 Posterior capsule opacification (1 eye)25

Lentis Max Monocular, 1.5x at 

30cm; 3x at 15cm26

Case series, binocular BCDVA increased to 0.5 

(logMAR)26

“The postoperative course was 

uneventful”26
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of varying types on an unlicensed basis and published data 
failing to specify the precise nature of the IOLs implanted.

Confidence will be increased with surgeons having 
a clear understanding of which of their patients are suita-
ble for device implantation, and which lens will best 
benefit which patients.

For example, the FDA approval of the IMT stated clear 
patient criteria necessary for implantation: patients must 
be ≥65 years of age, with VA between 20/160 and 20/800, 
have bilateral central scotomas associated with end-stage 
AMD, disciform scar or GA, and cataract. Preoperative 
tests must demonstrate an improvement of ≥5 letters with 
external visual aids.28,29 Other lens manufacturers/health-
care professionals conducting studies should provide clear 
guidance of indications and contraindications for use of 
their lenses, in addition to use of the appropriate controls 
to deliver high-quality data on outcomes.

Key to a Successful Patient 
Outcome is Pre-Operative 
Management and Preparation
Patients must be suitable for implantation and likely to 
receive sufficient benefit from a device.

For example, implants that limit peripheral vision 
might not be suitable for individuals with mobility 
problems.15

Expectation management is an essential component of 
patient preparation before device implantation. Vision will 
not be restored to pre-AMD acuity, and improvements 
may be modest (but sufficient to improve vision for 
ADL). In the UK, The National Institute for Health and 
Care Excellence (NICE) recommendations on the use of 
miniature lens systems/telescopes for AMD state:

Ensure that patients understand the need to adapt to having 
a lens system implanted into 1 eye, the risk of early 
complications, and the uncertainties about long-term effi-
cacy and safety.30 

Depression and poor mental health might make post- 
operative vision training difficult for some patients.15 If 
expectations are not set appropriately, depression can 
become prevalent when treatment outcomes are lower 
than the patient expected.8

Surgeons must be trained and suitably skilled to per-
form implantation.

For example, NICE states that these procedures should 
only be done by experienced cataract surgeons with 

appropriate training in the implantation of miniature lens 
systems”.30

Patients must also understand the need for post-opera-
tive training with some lenses, and clinicians need to 
include suitable post-operative management into their 
care program.

Professional vision training should be offered to 
patients as necessary. Ongoing monitoring of safety and 
observation of results (training effect) is essential.

There are a number of practical considerations for 
achieving best outcomes with AMD lenses and the follow-
ing questions should be addressed: Who is a suitable can-
didate? Who is not a suitable candidate? How should the 
appropriate device be selected?

As an illustration of how patient outcome may be 
assessed in daily life, beyond simple visual acuity mea-
sures, Borkenstein, Nielsen et al included in their 
Scandinavian-Austrian cooperation project a simple ADL 
quality of life questionnaire in their pre- and post-opera-
tive consultations.

Conclusion
There are multiple devices available for patients with 
AMD that are generally safe and provide visual improve-
ments to help improve overall quality of life and enable 
greater independence for ADL.

Surgeons have the opportunity to create significant 
quality of life benefits by appropriately selecting and 
managing patients for the best clinical outcomes. 
A review of available publications and our own experience 
suggests that, with appropriate choice and care, patients 
are highly satisfied with the improvements in ADL con-
ferred by AMD lenses.

There are currently no validated tests of functional 
vision or PROs specifically for patients with AMD; 
a kind of questionnaire is a simple, effective and objective 
assessment of vision-related ADL, suitable for use in the 
clinic as well as in trials, that could identify functional 
benefits from IOL implantation. The Macustar Consortium 
is aiming to identify and develop novel endpoints that 
detect functional vision loss or patient-relevant impact in 
intermediate AMD and will be accepted by regulators.31

In addition to the mentioned questionnaire, other 
researchers are trying to identify suitable functional vision 
and ADL tests to be incorporated into a battery of AMD- 
appropriate options for clinicians.11,14 Our own experi-
ences from studies highlight the importance of including 
an assessment of ADL in patients receiving an IOL 
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implant, which gives an effective measure of patient satis-
faction. We would welcome the use of similar question-
naires in larger studies of patients, to validate its utility in 
a broader patient population. Moreover, we recommend 
building up a kind of international AMD-IOL task force to 
formulate decision-making aids and advice in a kind of 
White Paper.
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