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Abstract
Objective  To report the visual and refractive outcomes 
following monocular implantation of a supplementary 
(piggyback) Scharioth macula lens (SML) in previously 
pseudophakic eyes with age-related macular degeneration 
(AMD).
Methods and analysis  Prospective European 
multicentre clinical trial. 50 eyes of 50 pseudophakic 
patients with either dry or previously treated and stable 
neovascular AMD for at least 6 months were included. The 
inclusion criteria were age over 55, corrected distance 
visual acuity (CDVA) of 0.4–0.1 (decimal), improvement of 
at least three lines of corrected near visual acuity (CNVA) 
when tested with a +6.0 dioptre (D) reading addition at 
15 cm, compared with a +2.5 D reading addition at 40 
cm using a standardised, self-illuminated Early Treatment 
Diabetic Retinopathy Study near vision chart. The SML 
intraocular lens (IOL) was implanted as an add-on/
piggyback IOL in the ciliary sulcus, monocularly in the 
better seeing eye of each subject meeting the inclusion 
criteria.
Results  There were no intraoperative complications. 
One subject had the SML explanted in the postoperative 
period due to postoperative glare/halos. The mean CNVA 
improved from 0.23±0.12 (decimal) preoperatively to 
0.57±0.33 at 1 year. The mean CDVA remained unchanged 
measuring 0.19±0.13 preoperatively and 0.19±0.09 at 
1 year postoperatively.
Conclusion  The SML appears to be safe and effective 
in improving the CNVA in patients with AMD. Data suggest 
that the CDVA remains unaffected following implantation. 
Further data are needed to assess the long-term safety 
and efficacy.

Introduction
Age-related macular degeneration (AMD) 
is a major cause of irreversible blindness in 
the western world. It affects about 11 million 
individuals in the USA and accounts for over 
half of blind and partial sight registration in 
the UK.1–3 About 8.7% of the world’s popula-
tion has AMD and the number is projected to 
increase to around 196 million in 2020 and 
288 million in 2040.1–3 AMD is categorised 
into early, intermediate and advanced stages 
based on the symptoms, number and size of 

drusen, hyperpigmentary or hypopigmentary 
changes in the macula and the presence or 
absence of choroidal neovascularisation. Dry 
AMD refers broadly to early and intermediate 
stages of the disease whereas the late stage is 
referred to geographic atrophy (GA), which 
involves the loss of retinal pigment epithelium 
followed by degeneration of the photorecep-
tors and thinning of the retina.4 Dry AMD 
accounts for 85%–90% of AMD cases and GA 
is responsible for approximately 20% of all 
cases of legal blindness.5 Current therapies 
for neovascular AMD target the abnormal 
neovascular growth through antibody-based 
inhibition of the vascular endothelial growth 
factors that are administered as intravitreal 
injections. However, no cure is currently 
available for dry AMD and the only preven-
tive option is the Age-Related Eye Disease 
Study formulations, which reduce the risk of 
AMD progression by 25%–30% over a 5-year 
period.6

The visual rehabilitation of patients with 
central scotomas resulting from either dry 
or treated neovascular AMD remains a 
challenge. Traditionally, these patients are 
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Figure 1  (A) Digital high-resolution photograph of the 
Scharioth macula lens. Note the central zone with a +10.0 D 
addition. (B) Clinical photograph of the Scharioth macula lens 
implanted in the eye. Note the ‘oil droplet sign’ of the central 
+10.00 addition on the intraocular lens (IOL). (C) Slit lamp 
illustrating the second Purkinje reflection (yellow arrow) from 
the Scharioth macula lens in the ciliary sulcus and the third 
Purkinje reflection (red arrow) from the primary intraocular 
lens in the capsular bag. Note the dark band between the 
two reflections showing that there is a clear space between 
the two IOLs.

referred for low vision rehabilitation for the provision of 
handheld or loop magnifiers and education on adequate 
light illumination for reading tasks. Even low vision reha-
bilitation does not provide uniformly improved quality of 
life in this patient group.7 A survey in the UK highlighted 
several problems with low vision services including frag-
mentation of services, lack of multidisciplinary care and 
inadequate communication between service providers.8 
Recently, there has been interest in the use of various 
intraocular magnifying devices to enhance the near 
vision in patients with AMD. Strategies towards this 
end include the use of low-powered intraocular lenses 
(IOL),9 multifocal IOLs with a myopic target during cata-
ract surgery,10 intraocular telescopic lens,11 implantable 
miniature telescopes (VisionCare Ophthalmic Technolo-
gies, CA, USA)12 and IOL for visually impaired, which is a 
dual IOL system with a biconcave IOL in the capsular bag 
and a biconvex IOL in the anterior chamber (IOL-VIP, 
Soleko, Pontecorvo, Italy).13 However, these telescopic 
devices are technically challenging to implant requiring 
very large incisions, suturing, and produce restriction of 
visual field due to the optics of the telescope. Qureshi et 
al14 in a pilot study introduced the injectable intraocular 
telescope consisting of a high minus and a high plus lens 
implanted into the capsular bag and ciliary sulcus, respec-
tively, through a 3.00 mm corneal incision. Although this 
device could be implanted through a small, self-sealing 
incision it had the same drawbacks of having a telescopic 
optics inside the eye causing severe restriction to the 
field of vision. Recently, there has been a report on the 
use of wavefront optimised IOL to provide enhanced 

quality of image on the macula during cataract surgery in 
patients with AMD.15 The Scharioth macula lens (SML) 
(A45 SML, Medicontur, Hungary) is a single-piece hydro-
philic IOL implanted monocularly in the ciliary sulcus 
as a supplementary/piggyback IOL in pseudophakic eyes 
with AMD. The proof of concept of this technology was 
published in the Journal of Cataract and Refractive Surgery 
in 2015.16 A pivotal multicentre trial was conducted to 
determine whether the device can improve the near 
visual acuity in patients with moderate to profound visual 
impairment resulting from bilateral end-stage AMD; this 
report describes the 1-year safety and efficacy results of 
this study. The primary efficacy endpoint of this multi-
centre trial was visual acuity, as determined by the Early 
Treatment Diabetic Retinopathy Study (ETDRS) protocol 
charts. The SML implantation procedure was consid-
ered successful in patients with bilateral end-stage AMD 
if there was an improvement of ≥3 lines of uncorrected 
near visual acuity (UNVA) in the implanted eye.

Materials and methods
Study device
The SML is a single-piece hydrophilic IOL designed for 
implantation in the ciliary sulcus as an add-on/piggyback 
IOL in previously pseudophakic eyes. This IOL has an 
overall diameter of 13.00 mm with an optic size of 6.0 
mm. The central 1.5 mm of the optic has an addition 
of 10.0 D (figure  1). This translates to a magnification 
of 2.2× depending on the anatomy of the eye and the 
final reading distance. The remaining optical zone apart 
from the central 1.5 mm is refractory neutral. It has a 
four-point fixation with four flexible haptics, convex-con-
cave configuration, with rounded edges to prevent iris 
chaffing. The morphology and the anatomical safety of 
this IOL was evaluated in pseudophakic eyes in a human 
cadaver eye laboratory study.17 The SML is injected 
through a custom-made disposable injector through a 2.2 
mm self-sealing corneal wound.

Study design
This prospective, open-label, multicentre clinical trial 
was conducted following central European ethics 
approval from Freiburg Ethics Committee Interna-
tional (015/1189) and Hungarian Health Authority 
(064153/2015/OTIG) in May 2015. Patients were 
enrolled at practices from Scotland, UK (n=10), Belgium 
(n=2), Czech Republic (n=8), Bulgaria (n =5), Romania 
(n =3), Hungary (n=8) and two centres in Germany 
(n=15). The recruitment of subjects commenced in 
October 2015 and the recruitment was completed in 
June 2016. Implanted patients were followed up at all 
study centres prospectively at day 1, 1 week, 1, 3, 6 and 
12 months, and visits scheduled through 24 months for 
longer term safety surveillance.

Patient and public involvement
Patients were not involved in the design or the recruit-
ment of the study subjects. The need for the study was 
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Table 1  Patient demographics, diagnosis and treatment summary

Country
Total number of 
eyes enrolled

Eyes with 
dry AMD

Eyes with 
geographic atrophy

Eyes with previously 
wet AMD and treated

Cumulative intravitreal 
injections (n)

Germany 15 8 2 5 15

Scotland, UK 10 6 2 2 6

Czech Republic 8 7 1 0 0

Hungary 8 5 2 1 3

Romania 5 1 0 4 12

Bulgaria 3 3 0 0 0

Belgium 2 1 0 1 3

AMD, age-related macular degeneration.

discussed during a user group meeting of the clinicians 
across Europe. Each study centre clinician has taken up 
the responsibility of disseminating the results of the study 
to their individual patient groups.

Patient enrolment
Patients enrolled from the clinical practices of each 
investigator were at least 55 years of age, had bilateral, 
stable, central visual loss from either dry or treated and 
stable (at least for 6 months prior to recruitment) wet 
AMD as determined by fluorescein angiograph and/or 
spectral domain optical coherence tomography (OCT) 
and were pseudophakic in the study eye. Only the better 
seeing pseudophakic eyes of each patient were included 
in the study and the SML was implanted monocularly. 
All study eyes had a minimum anterior chamber depth 
of 2.8 mm (when measured from the corneal endothe-
lium with an optical biometer), had a corrected distance 
visual acuity (CDVA) of 0.4–0.1 (decimal) on an ETDRS 
chart and demonstrated an improvement of three lines 
or more of corrected near visual acuity (CNVA) when 
tested with a standardised, self-illuminated ETDRS near 
vision chart held at 15 cm with a +6.0 D reading addi-
tion (with a trial lens placed in a trial frame with a back 
vertex distance of 12.5 mm) compared with reading a 
self-illuminated ETDRS near vision chart with a +2.5 D 
reading addition (with a trial lens) at 40 cm. In addition, 
patients were excluded if they had other ocular comor-
bidities including pseudoexfoliation, history of uveitis 
and complicated cataract surgery, and if they were unable 
to commit to the scheduled postoperative follow-up visits. 
Details on their diagnosis and previous AMD treatment 
are provided in table 1. Following the above, subjects who 
met the inclusion criteria and willing to participate were 
provided with detailed written information and consent 
was obtained from all 51 subjects across seven study 
participating centres from Europe.

Surgical procedure
Under aseptic conditions a 2.2 mm clear corneal inci-
sion was fashioned either in the superior or temporal 
clear cornea based on surgeon’s preference. A cohesive 
ophthalmic viscosurgical device (OVD) was injected into 
the anterior chamber and posterior chamber with care 

taken to open up the potential space in the ciliary sulcus 
posterior to the iris. The SML was removed from the 
container and placed on a single-use, custom-designed 
cartridge and was injected into the ciliary sulcus using 
a single-use custom injector. Following this, the trailing 
two haptics were tucked in the ciliary sulcus using a 
Sinskey hook. The OVD was aspirated out and intracam-
eral acetyl choline (Miochol) was placed in the anterior 
chamber to avoid any pupillary capture and to confirm 
the centration of the central near vision addition of the 
SML in the pupillary area. Intracameral cefuroxime (1 
mg in 0.1 mL, Aprokam, Thea Pharmaceuticals, France) 
was injected into the anterior chamber at the end of the 
procedure. Postoperatively, all patients received topical 
steroids and a topical non-steroidal anti-inflammatory 
agent for a period of 4 weeks. The entire technique is 
shown in online supplementary video 1 (available at ​
bjo.​bmj.​com). Preoperatively, all patients underwent a 
comprehensive ophthalmic examination, Goldmann 
applanation tonometry, fundus photography, fluorescein 
angiogram and OCT scan of the macula. Patients were 
examined postoperatively at days 1 and 7 and at months 
1, 3, 6 and 12 during which they underwent measure-
ments of uncorrected distance visual acuity (UDVA) and 
CDVA, UNVA, slit lamp examination, intraocular pres-
sure measurements, and dilated fundus examination and 
macular OCT. All patients participated in visual rehabil-
itation sessions at week 4 and at subsequent follow-up 
visits, where they were taught and encouraged to hold 
their reading material at 15 cm to enhance their reading 
potential.

Statistical analysis
All data were analysed using the GraphPad Prism 
V.7.0 software (La Jolla, CA, USA). Descriptive statis-
tics were calculated in all cases. Statistical analyses 
were performed using Kruskal-Wallis test, followed by 
Dunn’s multiple comparison test. Spearman’s coeffi-
cient of rank correlation was used to find association 
between preoperatively estimated and postoperative 
measured visual acuity at 3 months. Differences were 
considered statistically significant when p values were 
less than 0.05.

https://dx.doi.org/10.1136/bmjophth-2019-000322
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Figure 4  Graph illustrating the preoperative and 
postoperative uncorrected and corrected distance visual 
acuity at various time gates. CDVA, corrected distance visual 
acuity; UDVA, uncorrected distance visual acuity.

Figure 2  Graph illustrating the preoperative corrected near 
visual acuity (grey bar) and the postoperative uncorrected 
near visual acuity at various time gates. CNVA, corrected 
near visual acuity.

Figure 3  Graph depicting the Spearman coefficient of rank 
correlation between the preoperative estimated corrected 
near visual acuity and the achieved near visual acuity 
postoperatively. UNVA, uncorrected near visual acuity.

Results
There were no intraoperative complications. One subject 
had the SML explanted at month 3 in the postoperative 
period due to postoperative glare/halos. This subject 
was excluded from data used for the visual analysis. Post-
operatively across the seven study centres 50 patients 
completed at least 12 months of prospective follow-up 
visits as planned. The mean preoperative CNVA with 
a +2.5 D addition at a reading distance of 40 cm was 
0.23±0.12 (decimal). Postoperatively, the UNVA at 15 cm 
for reading was 0.42±0.29 at day 1, 0.53±0.32 at day 7, 
0.59±0.33 at 1 month, 0.59±0.33 at 3 months, 0.52±0.33 
at 6 months and 0.57±0.33 at 1 year. The preoperative 
screening test of measuring CNVA at 15 cm with a +6.0 
D addition (estimated vision) showed a mean CNVA 
of 0.58±0.31 which is very similar to the postoperative 
UNVA measured at 15 cm, confirming that the preoper-
ative near vision screening process is simple and effective 
in predicting the postoperative UNVA (figure 2). Spear-
man’s coefficient of rank correlation was used to 
correlate the association between the preoperatively esti-
mated CNVA (with a 6.0 D reading addition at 15 cm) 
and the postoperative CNVA at 3 months. The statistical 

test found a significant correlation between these two 
variables (p<0.0001) with a Spearman r=0.80 (figure 3).

The mean UDVA (in decimal) preoperatively was 
0.18±0.09 and 0.14±0.08 at day 1, 0.17±0.09 at day 7, 
0.17±0.08 at 1 month, 0.16±0.09 at 3 months, 0.16±0.08 
at 6 months and 0.15±0.08 at 12 months postopera-
tively. The mean CDVA was 0.19±0.13 preoperatively 
and 0.18±0.09 at day 1, 0.22±0.11 at day 7, 0.23±0.11 at 
1 month, 0.21±0.10 at 3 months, 0.20±0.09 at 6 months 
and 0.19±0.09 at 1 year postoperatively (figure 4). This 
stable CDVA postoperatively confirms that the SML 
does not affect the CDVA. There was no change in the 
mean intraocular pressure measurements preoperatively 
and postoperatively. During the follow-up period there 
was no change to the foveal thickness on macular OCT 
(figure 5).

Discussion
Visual rehabilitation of patients with AMD continues to 
pose a challenge to the treating clinician, patients and 
the society in general. Patients with end-stage AMD have 
severe visual impairment due to bilateral central scotomas 
resulting from GA, disciform scar or both. These patients 
experience a substantial reduction in their quality of life, 
resulting in increased dependency on caregivers and 
secondary depression.18–20 A Canadian study reported 
a 63% reduction in the quality of life for patients with 
advanced AMD, which is similar to those reported by 
patients suffering from severe stroke or advanced pros-
tatic cancer.20

Traditionally, visual rehabilitation for patients with 
AMD has been attempted with low visual aids (LVA) in 
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Figure 5  Mean change in the foveal thickness on optical 
coherence tomography (OCT) over the study period of 1 year.

the form of stronger bifocals (≥3.50 D), handheld or 
stand magnifiers, monocular telescopes, binocular spec-
tacle telescope and electronic visual display units.21 The 
idea of using IOL to provide some kind of magnification 
for this subset of patients is not new. Choyce in 1964 
first described the combination of an anterior chamber 
lens and positive spectacles.22 This combination with a 
posterior chamber IOL was then proposed by Donn and 
Koester.23 Since then, other authors have reported on 
using this strategy with varying degrees of success.9 10 In 
the last two decades, there has been interest in the use of 
intraocular telescopes to provide magnification. In 1997, 
Lipshitz et al developed the miniature Galilean telescope 
termed intraocular miniature telescope that functions 
intraocularly as a telephoto lens system in conjunction 
with the refractive power of the cornea.24 The pros-
thesis is a fixed-focus telescopic system which comprised 
ultraprecision quartz glass-wide angle micro-optics. 
The unique geometry and substantial dimensions of 
the device (The device cylinder is 4.4 mm long and 3.6 
mm in diameter and weighs 115 mg in air and 60 mg in 
aqueous) require a very large incision size of 11–12 mm, 
and peripheral iridectomy.12 Although the device seems 
to provide stable best corrected distance and near vision, 
this procedure has several surgery-related complications 
including surgically induced astigmatism, iris prolapse, 
iritis, iris damage, iris sphincter damage, zonule rupture 
diplopia corneal endothelial cell loss and persistent 
corneal oedema requiring corneal transplantation.11 12 
Moreover, as a 20°–24° forward field of view is projected 
onto approximately 55° of the retina, the peripheral field 
in the treated eye is markedly reduced.12 There are a few 
reports on the use of dual optic system using two IOLs to 
create an intraocular Galilean telescopic system,13 14 and 
recently there has been one report on the use of wave-
front-optimised IOL (iolAMD Eyemax mono) to provide 
enhanced quality of vision during cataract surgery in 
patients with AMD. However, it is unclear how the optics 
of this IOL works.15

Ideally, IOL designed to provide intraocular magnifi-
cation for patients with AMD should have the following 
characteristics: to provide sufficient magnification for 
near vision without affecting the distance vision, be 

safe and easy to implant, should not affect the periph-
eral vision field, be reversible and, finally, be widely 
available and affordable to the population. One such 
device is the SML. One of the major advantages of this 
IOL is that it can be implanted as add-on IOL in previ-
ously pseudophakic eyes and that the procedure is easily 
reversible. Cataract and age‐related macular degen-
eration (AMD) are very common eye diseases in the 
elderly. Many patients are afflicted by both cataract and 
AMD, and both diseases decrease visual acuity. Cataract 
surgery alone with standard monofocal IOL has been 
shown to be effective in improving the vision in patients 
with coexisting cataract and AMD.25 Two of the major 
drawbacks with the previous intraocular magnifying 
devices are: first, that they are combined during cata-
ract surgery which we feel is a major confounding factor 
when analysing the postoperative visual outcomes. As 
there is evidence to show cataract surgery with standard 
monofocal IOL improves vision in patients with varying 
degrees of AMD,25 it is unclear whether the postopera-
tive improvement in vision is from the cataract removal 
or from the magnifying intraocular devices. Second, as 
all these devices are combined during cataract surgery 
it excludes a large subset of patients with AMD who are 
previously pseudophakic. We believe that SML is unique 
as an intraocular magnifying device as this technology is 
not combined during cataract surgery. This allows the 
clinician to effectively assess the improvement in vision 
following cataract surgery with a standard monofocal 
IOL and postoperatively assessing the CDVA and CNVA 
will clearly identify patients who may or may not meet the 
inclusion criteria for SML. Our multicentre study results 
show that all the patients who showed improvement in 
their CNVA preoperatively went on to show improvement 
in their UNVA postoperatively proving that the preopera-
tive screening tool is simple and yet effective in selecting 
the subset of patients who will benefit from this tech-
nology. Moreover, SML provides the opportunity to treat 
patients who have been previously pseudophakic with a 
standard monofocal IOL. In our experience, we noted 
that subjects benefited from being taught and encour-
aged to hold their reading material at 15 cm to enhance 
their reading potential. Our recommendations for clini-
cians wishing to incorporate this technology would be 
that they engage an optometrist experienced in LVAs to 
train and educate patients to read at 15 cm with adequate 
light to enhance the reading potential.

However, a randomised clinical trial with an intention-
to-treat analysis comparing SML to the conventional 
handheld magnifying devise would provide very valu-
able comparative data. In conclusion, this prospective 
multicentre clinical trial shows that in a selected subset 
of previously pseudophakic patients with AMD, SML is 
effective in improving near vision. Further long-term 
follow-up studies are required to gather more data.
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