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ABSTRACT

Introduction: In this work, our aim is to report
the functional outcomes of cataract surgery
with smaller-incision new-generation miniature
telescope (SING IMT) implantation followed by
rehabilitation training in patients with central
visual loss due to late-stage age-related macular
degeneration (AMD).
Methods: This retrospective study included
patients who were monocularly implanted with

SING IMT and then followed a rehabilitation
program based on 6 biweekly sessions focused
on visual abilities, reading, writing, visual
motor integration and mobility. A total of 11
participants were included in this study. Read-
ing acuity (RA), reading speed (RS), and fixation
stability (FS) were assessed biweekly at 6-, 8-,
10-, 12-, 14-, and 16-week follow-up visits after
SING IMT implantation and at a final assess-
ment at 24 weeks. Best-corrected distance visual
acuity (BCDVA) was also measured at baseline
and at the same postoperative timepoints.
Results: Mean baseline BCDVA was 12.5 ± 8.6
letter score. Both RA and RS were found to be
significantly improved from the first rehabili-
tation session (6 weeks after surgery) to the last
session (24 weeks after surgery). At the end of
the rehabilitation program, mean RA was
0.45 ± 0.19 LogMAR and mean RS was
30.9 ± 17.6 words per minute. Moreover, all
patients achieved a FS of 15 s or more after the
last rehabilitation session. Most patients (55%)
achieved an improvement of 15 letters in
BCDVA at the end of the study.
Conclusions: This study suggests that rehabili-
tation training can improve visual functions of
patients with late-stage AMD implanted with
SING IMT in real-world tasks such as reading
skills.
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Key Summary Points

Why carry out this study?

Age-related macular degeneration (AMD)
is a major cause of irreversible vision loss,
affecting daily activities. Treatment
options for central visual field loss in late-
stage AMD are limited. Hence, the critical
evaluation of novel technologies, such as
the new-generation implantable telescope
(SING IMT), assumes paramount
significance.

This evaluation aims to comprehensively
assess the functional visual capabilities of
patients with late-stage AMD.

This study reports the functional
outcomes of cataract surgery with SING
IMT implantation followed by
rehabilitation training in patients with
central visual loss due to late-stage AMD.

What was learned from the study?

In this study of 11 participants (median
age, 81 years), both reading acuity (RA)
and reading speed (RS) significantly
improved after rehabilitation at 24 weeks
after surgery. RA improved by about 0.2
LogRAD, RS by 11.2 words per minute.

All patients achieved a functional span of
15 s or more, and 55% showed a 15-letter
improvement in best-corrected distance
visual acuity.

SING IMT implant surgery and
rehabilitation enhance real-world visual
abilities, such as reading, for patients with
late-stage AMD, requiring a
multidisciplinary approach in patient
selection and postoperative care.

INTRODUCTION

Age-related macular degeneration (AMD) rep-
resents a major cause of irreversible vision loss
and legal blindness in ageing populations [1]. In
advanced stages, AMD can lead to progressive
macular atrophy and/or scarring with develop-
ment of a central scotoma [2, 3]. This results in a
central visual field loss (CFL) which reduces the
ability to read, recognize faces, watch television,
and drive, impairing patient independence and
quality of life [4–10].

Treatment and surgical options to manage
CFL due to AMD are extremely limited, espe-
cially for patients with end-stage AMD who
remain an underserved population. In order to
improve vision of patients with end-stage AMD,
a variety of magnifying devices have been
developed including low vision spectacles,
external telescopes or magnifiers, and
implantable vision-enhancing devices [11–15].

The smaller-incision new-generation
implantable miniature telescope (SING IMT) is
the first approved surgical treatment for bilat-
eral central vision loss due to end-stage AMD.
This device is indicated for monocular implan-
tation in the capsular bag and acts as a Galilean
telescope providing a 2.7 9 magnification of
the central visual field which can enhance
visual details by reducing the size of the sco-
toma relative to the objects being viewed [16].
Recently, Toro et al. demonstrated a three lines
or better improvement of best-corrected dis-
tance visual acuity (BCDVA) in 67–70% of the
eyes at 3 months after SING IMT implantation
[17]. These results confirmed similar outcomes
observed in previous registered studies [18–21].
However, no data have yet been published
regarding the functional performance, such as
reading skills.

Reading performance, as speed and accuracy,
is considered as a key function and one of the
best predictors of patient-reported visual ability
and vision-related quality of life. Reading reha-
bilitation represents an important goal to rescue
quality of life in patients with low vision. This
complex activity requires sufficient retinal res-
olution and perceptual span during one fixation
[4–7]. Plasticity is defined as changes in brain or
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perceptual behavior following a disease, an
injury or a surgery. It has been shown that
visual plasticity following adult-onset depriva-
tion may affect visual performance. Patients
with CFL adopt a preferred retinal locus (PRL),
which corresponds to the reference location for
seeing on a region outside the scotoma [22].
This phenomenon, called oculomotor re-refer-
encing, shows that plasticity is possible for
patients with AMD with low vision, and that
visual rehabilitation can be achieved by training
or perceptual learning on a specific aspect of
visual function [23, 24].

In this study, we evaluated the effect of SING
IMT implantation followed by rehabilitation
training on the functional visual performance
in patients with end-stage AMD.

METHODS

Study Design

This was a retrospective study conducted
between February 2022 to June 2023 at the
Policlinico Gemelli hospital in Rome which
included participants with bilateral end-stage
AMD. Informed consent to participate in the
study was obtained from all participants. The
study was performed according to the guideli-
nes of Declaration of Helsinki and approved by
the Ethics Committee of Policlinico Gemelli
hospital (approval code: 4634).

Patient Screening and Selection

The screening process was performed by a staff
composed of low-vision specialists and orthop-
tists. Patients were screened based on both non-
clinical criteria (including realistic expectations,
supportive family, familiarity with available
low-vision devices) and medical history with no
existing cognitive or communication problems,
which represent important parameters corre-
lated with improved health outcomes [25].
Moreover, patients were informed that the
functional visual output from the implant
would be a new type of functional vision rather
than restoration of previous vision and will

require a considerable investment in terms of
effort and time. Inclusion criteria included cat-
aract and bilateral geographic atrophy or disci-
form scar, C 55 age, good peripheral vision,
bilateral BCDVA comprised between 20/80 and
20/800 (0.6–1.6 logMAR), anterior chamber
depth (ACD) C 2.5 mm, endothelial cell density
(ECD) C 1600 cells/mm2. Moreover, the eye
selected for the study needed to demonstrate a
minimum improvement of five letters on the
Early Treatment Diabetic Retinopathy Study
Charts (ETDRS) scale through the use of an
external telescope simulator (ETS 3.0X-FF;
VisionCare Ophthalmic Technologies Ltd.,
Petah Tikva, Israel) before undergoing surgery.
Patients who had active choroidal neovascular-
ization (CNV) or had received CNV treatment in
the preceding 6 months, a history of intraocular
or corneal surgery, corneal stromal or endothe-
lial dystrophies (including guttae), myopia
exceeding 6.0 D, hyperopia exceeding 4.0 D, a
record of steroid-induced increases in intraocu-
lar pressure (IOP), preoperative IOP of 22 mmHg
or higher while on maximum medication, or
uncontrolled glaucoma in the study eye were
not included in the study. Individuals with
ophthalmic conditions that could compromise
peripheral vision in the fellow eye were also
excluded. Lastly, patients exhibiting significant
cognitive impairment evaluated according our
clinical practice, potentially affecting their
ability to comprehend instructions, follow
guidelines, or participate in appropriate visual
training or rehabilitation with the implant,
were also excluded from the study. If both eyes
were eligible for implantation, the dominant or
preferred eye by the patient was selected for
implantation.

Surgical Procedure and Postoperative Care

All surgeries were performed at the Policlinico
Gemelli hospital by SR, AS, and TC using a
previously published procedure [16]. Patients
were anesthetized using sub-tenon block
10 min before surgery. A sclerocorneal incision
of 8.0 mm was created at the 12 o’clock posi-
tion, and then continuous manual circular
anterior capsulorhexis with a diameter of at
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least 6.0 mm was carried out, and standard
phacoemulsification was performed. SING IMT
was inserted into the anterior chamber by
means of a preloaded delivery system and
positioned into the capsular bag with two hap-
tics inferiorly and one superiorly. Then, the
sclerocorneal incision was sutured using five
single 10–0 monofilament nylon sutures.
Finally, an iridectomy was performed at 12
o’clock position. Following surgery, patients
received topical therapy with antibiotic and
anti-inflammatory drops for 1 month and
cycloplegic drops for 2 weeks (the iris was dila-
ted during this period).

Rehabilitation Training Program

SING IMT is based on bi-ocular alternating
vision. To optimize functional performance, a
greater collaboration of the two eyes is required
to autonomously exclude the image according
to the patient’s visual needs. To do so, a reha-
bilitation training program was set up based on
the expertise of the ophthalmologists, surgeons,
and orthoptists of the Policlinico Gemelli
Hospital. Prior to the program, a patient survey
was conducted to understand the activities
needed with the following results: reading
(36%), writing (21%), watching TV (29%), and
face recognition (14%). The program started
after the dilation drop regimen at 6 weeks after
surgery because the healing process and dilation
could interfere with clear vision. It covered five
different key skills including (1) visual abilities,
(2) reading, (3) writing, (4) visual motor inte-
gration, and (5) mobility (Fig. 1). Training of
each skill consisted of at least seven sessions for
1 h and a half each (with a 15-min break) every
2 weeks over a period of 6 months. For the
reading training protocol, a series of exercises
designed for macular degeneration (as ocular-
manual coordination, ocular motility, number
to number, fovea centration, identifying the
center of a spot, image differences, identifying
differences between two images) was performed
in this study to improve the reading skills of
patients. Lights and high-contrast shapes were
used during the sessions. To improve reading
skills, the patient needed to train the PRL in the

implanted eye to be able to read progressively
smaller letters, words, sentences, and numbers.
Depending on the corneal astigmatism and
presence of suture, prescription glasses were
used for some patients during the reading
training protocol. The full protocol for each
skill is described in Supplementary Material #1.

Assessment of Baseline Characteristics
and Postoperative Outcomes

Baseline characteristics (including BCDVA, axial
length, and anterior chamber depth) were col-
lected from medical records. Functional out-
comes (including reading acuity, reading speed,
and fixation stability) were then measured after
rehabilitation sessions conducted at 6, 8, 10, 12,
14, 16, and 24 weeks after SING IMT
implantation.

Ophthalmic Examinations and Ocular
Imaging

BCDVA was assessed using the ETDRS charts.
Slit-lamp anterior segment and fundus exami-
nation, followed by optical coherence tomog-
raphy (OCT) was also performed (Optovue Solix
Fullrange OCT). Axial length (AL) and anterior
chamber depth (ACD) were evaluated using
optical biometry (ZEISS IOLMaster� 500). Cor-
neal endothelial cell density (ECD) was mea-
sured with specular microscopy (CSO
Endothelial Microscope Perseus).

Reading Acuity Measurement

Reading acuity (RA) in LogMAR was evaluated
monocularly with the Minnesota Reading
(MNRead) test charts at 25 cm adding ? 4 D
spherical to the distance refractive correction.

Reading Speed Measurement

Reading speed (RS) was evaluated monocularly
by counting the number of words read in 1 min
on the International Reading Speed Texts
(IREST) charts that allowed patients to read
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fluently, without making errors, the 0.6 M (5.9-
character print) on MNRead charts.

Fixation Stability Measurement

Fixation stability (FS) was evaluated in seconds
and measured the time to maintain the image
with the implanted eye to view static objects at
the distance of 4 m; the fellow eye was occlu-
ded, after the identification of the PRL (as object
identification). Microperimetry was not techni-
cally possible due to the implant optical char-
acteristics. Fifteen seconds was considered as a
normal fixation stability as reported in the lit-
erature [26].

Visual Acuity Measurement

BCDVA was evaluated with the ETDRS and was
expressed in letter score values at 3 m with the
best refractive correction.

Statistical Analysis

All functional and visual outcomes were repor-
ted as mean ± standard deviation and paired t
tests were used to compare them at baseline and
different postoperative timepoints. All analyses
were performed using GraphPad Prism 6
(GraphPad, San Diego, CA, USA).

RESULTS

Patient Baseline Demographics
and Clinical Characteristics

In total, 11 patients implanted with the SING
IMT between February and June 2022 were
included in this retrospective study. Baseline
demographics and clinical characteristics of
these patients are detailed in Table 1. All
patients were white and presented geographic
atrophy in both eyes. Most of the patients were
male (72.7%, n = 8) and the mean age was
77.5 ± 8.0 years. SING IMT were monocularly

Fig. 1 Key skills and different steps covered by the
rehabilitation training program to improve functional
performance of patients following monocular implantation

of SING IMT. PRL preferred retinal locus, SING IMT
smaller-incision new-generation miniature telescope
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implanted in the right eye in 63.6% of the
patients. The baseline BCDVA (in letter score)
was 12.5 ± 8.6, which corresponds approxima-
tively to 1.45 LogMAR or 20/600 Snellen. No
patient was lost for follow-up during this study.

Reading Acuity

After the first session of the rehabilitation pro-
gram (6 weeks postoperatively), mean RA was
0.64 ± 0.26 LogMar (Fig. 2A). After the last ses-
sion (24 weeks postoperatively), mean RA was
0.45 ± 0.19 LogMAR. This improvement of

* 0.2 LogMar was found statistically different
(p = 0.0181) from first session to last session.
The maximum RA of each patient was achieved
after four sessions of the rehabilitation program
for most of the patients (55%, n = 6). (Fig. 2B).

Reading Speed

Similar to RA, mean RS improved from the
second program session (16.9 ± 11.4 words per
minute) to the last session (30.9 ± 17.6 words
per minute) (p = 0.0057 between the first and
the second to last session, however the p value
not calculable between the first and the last
session due to the lost to follow-up) (Fig. 3A).
The maximum RS of each patient was achieved
after five sessions of the rehabilitation program
for most of the patients (64%, n = 7) (Fig. 3B).

Fixation Stability

The rehabilitation program was also shown to
improve the fixation stability of patients after
SING IMT implantation (Fig. 4). Most of the
patients (55%, n = 6) required only two sessions
to achieve 15 s or more of fixation stability. All
patients achieved a fixation stability of at least
15 s after the last rehabilitation session.

Visual Acuity Outcomes

From baseline to the last follow-up visit, 82% of
patients (n = 9) achieved an improvement of
ten letters, 54.5% (n = 6) an improvement of 15
letters, and one patient an improvement of 25
letters (Fig. 5). At 24 weeks after SING IMT
implantation, mean BCDVA was 28.5 ± 7.4
letter score which was significantly higher than
baseline BCDVA (p\0.0001). Moreover,
BCDVA was found to be significantly improved
between the first and the last rehabilitation
sessions (p = 0.0125).

DISCUSSION

The implantable miniature telescope SING IMT
has been specifically designed to address visual
acuity and functional visual outcomes in

Table 1 Baseline demographics and clinical characteristics
of the study population

Parameters Study population
(n = 11)

Age (years)

Mean ± SD 77.5 ± 8.0

Median (range) 81 (59–86)

Gender, n (%)

Female 3 (27.3)

Male 8 (72.7)

Race, n (%)

White 11 (100)

Implanted eye, n (%)

Right eye 7 (63.6)

Left eye 4 (36.4)

Anterior chamber depth (mm)

implanted eye, mean ± SD

3.04 ± 0.41

Axial length (mm) implanted eye,

mean ± SD

23.77 ± 1.07

BCDVA (letter score) implanted eye,

mean ± SD

12.5 ± 8.6

Type of macular lesion in the study eye, n (%)

Geographic atrophy 11 (100)

BCDVA best-corrected distance visual acuity, SD standard
deviation
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patients with late-stage AMD. The miniaturized
device is a fixed-focus, monocular prosthetic
telescope incorporating ultraprecise, quartz
glass, wide-angle Galilean micro-optics, requir-
ing no external devices or head motion to
function. Compared to its previous generation,
the SING IMT is designed with three foldable
haptics and is pre-loaded in a delivery system
which requires a smaller incision for the
implantation, resulting in limited endothelial
cell loss [16, 17]. To the best of our knowledge,
it was the first time that functional outcomes
have been investigated following SING IMT

implantation. While BCNVA evaluates near
vision clarity, reading speed quantifies the effi-
ciency of reading, reading acuity determines the
smallest legible print size at a standardized
reading distance, and fixation time sheds light
on the stability of gaze during reading.

Visual rehabilitation training usually aims to
facilitate the integration of new visual inputs
provided by a device with the patient’s vision in
order to enhance quality of life and autonomy.
The rehabilitation process can include in-clinic
as well as community settings [27–29]. In addi-
tion to patient training, rehabilitation experts

Fig. 2 Influence of rehabilitation program on the reading
acuity of patients after SING IMT implantation. A Read-
ing acuity of patients after SING IMT implantation and
several rehabilitation sessions. *p\ 0.05, **p\ 0.005
compared to first rehabilitation session (corresponding to
6 weeks postoperatively). B Cumulative proportion of
patients who achieved their maximal reading acuity value
according to the number of rehabilitation sessions. RA
reading acuity, SING IMT smaller-incision new-generation
miniature telescope

Fig. 3 Influence of rehabilitation program on the reading
speed of patients after SING IMT implantation. A Reading
speed of patients after SING IMT implantation and
several rehabilitation sessions. *p\ 0.05 compared to 1st
rehabilitation session (corresponding to 6 weeks postoper-
atively) B Cumulative proportion of patients who achieved
their maximal reading speed value according to the number
of rehabilitation sessions. RS reading speed, SING IMT
smaller-incision new-generation miniature telescope

Ophthalmol Ther (2024) 13:697–707 703



need to manage the expectations of patients
and their families with regard to the degree of
vision each patient will experience [30]. Read-
ing skills can be affected by a range of parame-
ters such as an eccentric location of the PRL,
instability of fixation, poor visual acuity,
crowding effect of the peripheral retina and
deficient eye movement control [31]. Therefore,
efforts have been made to design rehabilitation
techniques aiming to improve oculomotor

control by stabilizing fixation, to alleviate
crowding effects by using fonts with larger
spacing between the letters, and to enlarge
visual span by relocating the PRL above or
below the scotoma [32].

The rehabilitation training program descri-
bed in this study included at least seven sessions
over 24 weeks. All patients attended at least
seven rehabilitation sessions, which required a
strong commitment from the patient to achieve
good visual functional outcomes. This com-
mitment should be considered as a key selection
criterion in future studies. Interestingly, the
benefits on functional outcomes were achieved
in 4–5 sessions for most patients. Finally, an
improvement of 15 letters has been showed in
this study, which is similar to what has been
reported in another study [17]. These outcomes
are very promising and clinically relevant con-
sidering the initial low vision of these patients.

Nevertheless, rehabilitation training has
been found to be challenging for some of the
patients, especially elderly ones with age-asso-
ciated physical and psychological issues, co-
morbidities, and transportation barriers. Tel-
erehabilitation, i.e., providing rehabilitation
services via the internet, could benefit these
patients. However, more studies are still neces-
sary to compare the effectiveness of telereha-
bilitation compared to face-to-face services [33].
Finally, patient expectations and motivation
can be influenced by the level of knowledge of
the pathology [4]. A background in the thera-
peutic area should be provided to give a better
understanding of AMD-related low vision to the
patients.

It is worth noting that the achievements
described in this study were possible thanks to a
collaborative group of experts, including low-
vision specialists, eye surgeons, ophthalmolo-
gists, and orthoptists. Strict patient selection,
precise surgical technique, and postoperative
rehabilitation training all played an important
role to guarantee successful postoperative
functional outcomes. It is also important to
remark that the baseline parameters such as
intellectual level or emotional support were not
taken into consideration during patient selec-
tion and may have been different in each
patient. An intriguing prospect lies in

Fig. 4 Cumulative proportion of patients who achieved
their maximal fixation stability value according to the
number of rehabilitation sessions. FS fixation stability,
SING IMT smaller-incision new-generation miniature
telescope

Fig. 5 Cumulative proportion of patients who experi-
enced a BCDVA improvement in letter score in the study
eyes between baseline and the last follow-up visit after
SING IMT implantation. BCDVA best-corrected distance
visual acuity, SING IMT smaller-incision new-generation
miniature telescope
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evaluating the potential variability in the
effectiveness of the rehabilitation program
based on the initial intellectual capacity or
psycho-emotional state of the patient.

This study also presents some limitations,
including the retrospective design and the small
patient cohort, which was an inherent outcome
of the device’s relatively specific indication.
This study represents an initial exploration in
this research domain, which also explains the
low population size. Moreover, a comparative
analysis was not possible since this study had no
control arm. Moreover, this is a single-center
study enrolling only white patients with geo-
graphic atrophy. Therefore, the results could
not be generalized to a different population or
location. Finally, the reading performance
could not be compared between before and after
SING IMT implantation, since most of the
patients could not read before surgery.

CONCLUSIONS

In conclusion, the implantable miniature tele-
scope SING IMT shows promise in addressing
visual acuity and functional outcomes in
patients with late-stage AMD. The results
demonstrate significant improvements in read-
ing skills and fixation stability, with most
patients achieving benefits within 4–5 rehabili-
tation sessions. The collaborative effort of a
multidisciplinary team and strict patient selec-
tion played crucial roles in achieving successful
outcomes. While the study has limitations, such
as a small sample size and single-center design,
the findings highlight the potential of SING
IMT and rehabilitation training in improving
functional outcomes in patients with late-stage
AMD. Further research is needed to validate
these findings in larger and more diverse
populations.
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