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Abstract

Aims. To compare, in relation to the cause of visual impairment,
the possibility of rehabilitation, the corrective systems already in use
and the finally prescribed optical devices in highly myopic patients
with low vision. Some considerations about the rehabilitation of these
subjects, especially in relation to their different pathologies, have also
been made.

Materials and Methods. 25 highly myopic subjects were enrolled.
We evaluated both visual acuity and retinal sensitivity by Scanning
Laser Ophthalmoscope (SLO) microperimetry.

Results. 20 patients (80%) were rehabilitated by means of mo-
nocular optical devices while five patients (20%) were rehabilitated
binocularly. We found a good correlation between visual acuity and
retinal sensitivity only when the macular pathology did not induce
large areas of chorioretinal atrophy that cause lack of stabilization of
the preferential retinal locus. In fact, the best results in reading and
performing daily visual tasks were obtained by maximizing the residual
vision in patients with retinal sensitivity greater than 10 dB. A well
circumscribed area of absolute scotoma with a defined new retinal
fixation locus could be considered as a positive predictive factor for
the final rehabilitation process.

Discussion. A more careful evaluation of visual acuity, retinal
sensitivity and preferential fixation locus is necessary in order to
prescribe the best optical devices to patients with low vision, thus
reducing the impact of the disability on their daily life. Clin Ter 2012;
163(3):e115-120
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Introduction

High myopia represents one of the most important causes
of low vision in the young population of developed countries
and the seventh cause of visual impairment for adult subjects.
Among patients aged 30-60 years, only diabetic retinopathy
ranks higher (1-6). Low vision is directly induced by both
haemodynamic and anatomical changes related to the ex-
cessive axial length of the eye (2). Indeed, several different

factors may concur to cause low vision in highly myopic
eyes: choroidal neovascularization, macular atrophy, lacquer
cracks, macular hole, retinal detachment, glaucoma, macular
retinoschisis, complications due to cataract extraction and,
most recently, complications due to refractive surgery (2, 7,
8). The high incidence of retinal pathologies or complica-
tions associated with high myopia, inducing a total or partial
vision loss, are the main causes that account for the great
number of highly myopic patients with low vision. These
subjects have difficulty accomplishing visual tasks, but can
enhance their ability by using compensatory strategies, opti-
cal devices and by modifying the environment (9).

Materials and Methods

We selected 25 patients (8 males and 17 females, mean
age 66.75 years) with high myopia ranging from -15 to -25
diopters (mean value -18.00 D), presenting a visual acu-
ity less than 0.3 binocularly. We selected patients for both
monolateral and bilateral rehabilitation. The study was ap-
proved by the Institutional Ethics Committee and after its
full explanation, all patients had to sign a written informed
consent to be enrolled in the study. We excluded patients
whose visual loss was caused by glaucoma (even if associ-
ated with high myopia), due to the specific involvement
of the optic disc that requires a different approach in the
rehabilitation process.

All patients were subjected to a full eye examination,
completed by retinography. Functional tests were performed,
measuring visual acuity by means of Snellen charts tested
at three meters and near low vision by means of standard
Jaeger eye chart. Reading capacity was evaluated by measur-
ing reading speed, defined as good (>80 words/min), slow
(40-80 words/min) and poor (<40 words/min). We subjected
all patients to Scanning Laser Ophthalmoscope (SLO)
microperimetry (Rodenstock®, Diisseldorf, Germany), in
order to test the retinal macular sensitivity, to detect the
possible presence of a relative or absolute scotoma and
the exact location of a new preferential retinal locus. We
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followed all patients over a mean period of eight months,

with a total amount of six sessions of examination for each

one. The clinical evaluation of low vision consisted of the
following steps:

— clinical evaluation and case history: review of functional
visual assessment, previous lenses and/or optical devices
already used by the patient; ophthalmic health evalua-
tion; far and near visual acuity measurements; objective
refraction; SLO microperimetry; retinographys;

— evaluation of the best devices for far, intermediate and
near vision;

— instructions and trial: instructions for using the recom-
mended devices; indoor and outdoor clinical evaluation
in order to assess the need of additional UV-absorption
lenses;

— follow-up examinations: to review the efficacy of the
prescribed optical devices and the recommendations
for accessory or non-optical devices.

We divided the whole sample into two groups according
to the possibility of performing a monocular or binocular
rehabilitation for near vision.

Results

The main causes of disability as well as the clinical
features of the enrolled eyes have been presented in the
Tables 1 and 2.

In our study, there was a good correlation between visual
acuity and retinal sensitivity tested by SLO microperimetry
only when the macular pathology was not able to induce lar-
ge areas of chorioretinal atrophy that cause lack of stabiliza-
tion of the new preferential locus. The best retinal sensitivity

Table 1. Causes of disability and mean visual acuity (VA) in the
enrolled highly myopic subjects. The eyes with the greatest visual
loss (VA less than 0.2) have been reported only.

Causes of disability Patients Eyes

Choroidal neovascularization
monolateral: 9 patients
bilateral: 2 patients
subjected to PDT: 11 eyes
untreated: 2 eyes

mean VA: 0.12 11 (44%) 13

Macular atrophy
monolateral: 6 patients
bilateral: 1 patient

mean VA: 0.14 7 (28%) 8

Retinal detachment
monolateral: 2 patients
bilateral: 1 patient

mean VA: 0.15 3 (12%) 4

Retinal detachment with macular
hole (monolateral) 3
mean VA: 0.06 3 (12%)

Full thickness macular hole (mono-
lateral) 1
mean VA: 0.10 1 (4%)

and the best reading performance, in terms of ability to read
the smallest printed letter at the highest speed of reading,
were found in patients subjected to photodynamic therapy
(PDT) for choroidal neovascularization (Fig. 1), while the
worst results were found in patients with large areas of
chorioretinal atrophy and severe macular dystrophy (Fig.
2), presenting a deep and homogeneous reduction of retinal
sensitivity. In the first cases, the preferential retinal locus
maintained a central location. On the contrary, we found that

Fig. 1. SLO microperimetry of a
patient in which the right eye pre-
sented a good retinal sensitivity
(choroidal neovascularization tre-
ated by photodynamic therapy)
and the left eye an absolute sco-
toma due to a naturally evolved
choroidal neovascularization.
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Table 2.

Ocular features Eyes
Phakic 20 (40%)
Pseudophakic (IOL in posterior chamber) 18 (36%)
Aphakic 10 (20%)
Radial keratotomy 2 (4%)

in the presence of an absolute scotoma involving the whole
macular area, the new preferential locus usually moved to
the area characterized by the highest retinal sensitivity, and
not necessarily to a superior-temporal area in the right eye
and to a superior-nasal area in the left eye, thus differing
from what has been previously suggested by other Authors
(10-13). However, in these studies observation was limited

Fig. 2. SLO microperimetry of
a patient affected in both eyes
by severe myopic macular dy-
strophy with central relative
scotoma.

to selected diseases of the eye, in particular full-thickness
macular hole and age-related macular disease, which are
essentially different from high myopia.

The type of rehabilitation has been summarized in the
Table 3: 20 patients (80%) were rehabilitated with mono-
cular optical devices, such as aplanatic or hypercorrective
spherical systems, while five patients (20%) were rehabi-
litated binocularly, with hypercorrective spherical and/or
prismatic systems.

At baseline, between the 20 monocular patients, five
(25%) of them - affected by retinal detachment (one pa-
tient), retinal detachment with macular hole (one patient),
and macular atrophy (three patients) - referred inability to
read during the previous 12 months with any kind of optical
device or standard glasses. Four patients (20%) - affected
by macular atrophy (two patients), retinal detachment with

Table 3.
Type of rehabilitation Causes of disability / visual loss Patients
Retinal detachment 2 (10%)
Retinal detachment wit macular hole 3 (15%)
Monocular optical devices (20 patiens: Macular atrophy 6 (30%)
80%,; 20 treated eyes) Choroidal neovascularization 7 (35%)
Full-thickness Macular hole 1 (5%)
Choroidal neovascularization + macular hole in the fellow eye 1 (5%)
Binocular optical devices Bilateral retinal detachment 1 (20%)
(5 patiens: 20%; 10 treated eyes) Bilateral choroidal neovascularization 2 (40%)
Bilateral macular atrophy 1 (20%)
Choroidal neovascularization + macular dystrophy in the fellow eye 1 (20%)
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macular hole (one patient) and choroidal neovascularization
(one patient) - had tried to read, but slowly and with poor
results, without lenses and bringing the paper nearer. Eight
patients (40%) - with retinal detachment (one patient), retinal
detachment with macular hole (one patient), macular atrophy
(one patient), macular hole (one patient), and choroidal neo-
vascularization (four patients) - had used binocular glasses
with a lower correction than for far vision. One patient (5%)
with choroidal neovascularization had also used glasses with
a lower correction than for far vision, but occluding the
worst eye. Two patients (10%), the first one with choroidal
neovascularization and the other one with choroidal neova-
scularization associated with macular hole in the fellow eye,
came to our observation referring the use of a Video Display
Generator (VDG) Magnifier, even if our final clinical evalua-
tion highlighted that the best reading results were obtained
by using a simple aplanatic monocular system.

Five (20%) of the 25 selected patients were subjected
to binocular rehabilitation. At baseline, two of them, the
first one with bilateral retinal detachment and the other one
with bilateral choroidal neovascularization, referred inabi-
lity to read since more than 12 months. For the other three
patients, the causes of visual loss were bilateral macular
atrophy, bilateral choroidal neovascularization and choroidal
neovascularization associated with macular dystrophy in
the fellow eye. At baseline, these three patients referred the
ability to read without any correction by bringing the text
nearer to the eye.

Between the 20 patients (20 eyes) rehabilitated as mono-
cular, seven of them (35%) had previously used a monocular
corrective reading system, while 13 of them (65%) had used
abinocular reading system. On the contrary, all five patients
(10 eyes) rehabilitated as binocular had also previously used
a binocular, although different, corrective system for near
vision. In these subjects, the residual binocular visual acuity
allowed the use of binocular frontal lenses or contact lenses
for far tasks. The intermediate and near distance activities,
for example manual jobs, were simply aided by the use of
glasses with a positive hypercorrective spherical addition.
Although a Galileian system (2x) with a positive spherical
addition for a focal distance of 25 cm could be considered a
good rehabilitation option, it was refused by all patients.

Finally, it was possible to enhance the visual performance
by adding a selective filter to the system in use to reduce
dazzling and to maximize contrast. We used a 511 nm and
527 nm filter for indoor and outdoor tasks respectively.

Discussion

The main goal of rehabilitation is learning how to use at
best the residual visual function in order to reduce the impact
of the disease on the patient’s quality of life. The multiple
strategies for rehabilitation should be personalized for each
subject and many factors may influence the final choice.
These factors include individual features, preferences, needs,
and other circumstances.

Patients with low vision have many options to maximize
their vision. The modification of the environment is often
the first choice and includes changes regarding lighting,
contrast, distance and size.

The use of optical devices is another different approach.
Optical devices are very well integrated into the patient’s
life if portable, adequate, and usable for many tasks in many
settings throughout the day. By evaluating the best optical
device for near, intermediate and far vision, it is always
necessary to make some psychological considerations. In
fact, people affected by low vision may experience their
visual impairment in a different way. Each patient has an
individual medical and personal history that may influence
his perception of low vision such as differences in the onset
of the disease, in the temporal evolution of a central scotoma,
and, consequently, in the possible development of adaptive
mechanisms. Moreover, the personal cultural and socio-
economic background of each patient might also be taken
into account since it may influence the patient’s approach
to the rehabilitation process.

In all enrolled patients we found a deep reduction of re-
tinal sensitivity (tested by SLO microperimetry) associated
with an absolute scotoma, when chorioretinal atrophy or a
full-thickness macular hole were present. Low retinal sen-
sitivity is already documented in highly myopic eyes with
chorioretinal dystrophy, as they have a thin retina with a thin
choroid and sclera (14). Day vision is impaired in high spa-
tial frequency, whereas night vision with or without central
glare is impaired in all frequencies. Electroretinographic
(ERG) recordings show a significant decrease in amplitude
and prolonged latency in highly myopic eyes compared to
controls. However, ERG is reported to be normal in simple
myopia with mild fundus changes whereas b-wave amplitude
is decreased in degenerative myopia only. No correlation
was found between the b-wave amplitude and the degree
of myopia (15).

Patients with high myopia are affected by diffuse cho-
rioretinal atrophy and decreased thickness of the ganglion
cell layer. These anatomical changes may explain the enhan-
cement of visual activity by adding non optical systems to
the prescribed corrective lenses. Filter lenses from yellow to
red (511, 522 and 550 nm) cut the dangerous blue radiations
of the spectrum, thus reducing light diffusion in the eye,
improving contrast and offering a UV-A protection against
oxidative photo-stress. In this paper, we used 511 nm and
527 nm filters for indoor and outdoor tasks respectively.

It is interesting to highlight that in our study the worst
visual acuity and retinal sensitivity were present in patients
with untreated choroidal neovascularization whereas patients
with choroidal neovascularization subjected to PDT had a
relatively good visual acuity. These data confirm the key role
played by PDT in changing the natural history of choroidal
neovascularization, in terms of visual acuity and retinal
sensitivity, thus reducing the number of totally blind patients
and increasing the number of patients affected by low vision
who might start a rehabilitation process (16, 17).

The most important goal of rehabilitation is to allow
a sufficient reading ability. Our approach to rehabilitation
was essentially based on two different kinds of magnifica-
tion. The first one is very simple and obtained by nearing
the object to the eye, through the use of frontal glasses or
contact lenses in highly myopic eyes. The second type of
approach is an angular magnification obtained by several
optical devices which make an object appear closer to the
eye, thus spreading its image over a larger portion of the
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retina and producing the magnification effect. Focal distance
may be a key factor in the success of these devices. In fact,
it is a common experience for highly myopic patients to
bring papers nearer to the eyes for reading. The nearer is
the device to the eye, the larger is the field of view and the
smaller is the distortion of the read letters.

Among the available optical devices, we did some expe-
rience with microscopes that may be used both monocularly
and binocularly. Should a high power be required or con-
vergence and binocular focus not be achieved, we usually
prescribed optical devices for a monocular use, aplanatic or
hypercorrective spherical, selecting the dominant eye or the
eye with the better visual acuity. Particularly, if a patient is
aphakic the use of an aplanatic optical device is preferred to
a hypercorrective spherical system, but for social activities
the best choice would rather be the use of contact lenses
with a spherical addition.

For far distance, we should distinguish between two
different tasks: mobility and watching without movement. If
the visual acuity is higher than 0.1, a binocular vision could
still be possible whereas for visual acuity lower than 0.1
we are forced to choose one eye only for using the optical
device. This choice is made on several basis: the evaluation
of visual acuity, the presence of a relative or an absolute
scotoma and the stability of a new preferential retinal locus.
For example, we observed that a small absolute scotoma is
easier to rehabilitate than a relative but extensive scotoma.
Thus, at the end of the rehabilitation process, patients with
macular atrophy obtained a better speed of reading compa-
red to patients with diffuse macular dystrophy who had a
homogeneous reduction of retinal sensitivity as evaluated
by SLO microperimetry.

For social activities and everyday life, the best quality
of vision is reached by using contact lenses, which provide
both best resolution and minimal aberration in highly myopic
eyes, thus offering a good visual field perception.

For different tasks, such as watching television, it is
absolutely necessary to take into account the residual vi-
sual acuity. Theoretically, if the visual acuity ranges from
0.01 to 0.05, the best choice would be the use of a 7x20
Keplerian telescopic system. 4x12 or 6x18 spot telescopic
systems are also available but their use would be restricted
to momentary activities, such as looking at a number plate.
Practically, all patients prefer to use frontal correction with
glasses or, when possible, contact lenses.

As previously reported, the best results in reading and
performing daily visual tasks were obtained by maximizing
the residual vision in patients with retinal sensitivity higher
than 10 dB, whose rehabilitated eye was affected by cho-
roidal neovascularization subjected to PDT, chorioretinal
atrophy (if sufficient to stabilize a new retinal locus) and
myopic macular dystrophy. We believe that the presence
of a well circumscribed area of absolute scotoma with a
defined new retinal locus should be considered as a positi-
ve predictive factor for the final success of rehabilitation.
In fact, it is possible in these cases to prescribe the correct
optical system, combining eccentric viewing with the use of
magnification devices. These techniques spread the visual
image over a larger area of the retina, thereby allowing
the patient to reduce his/her visual impairment by using a
healthy part of the retina localized around the scotomatous

area. Even though peripheral vision does not allow the best
image resolution, it may be good enough to improve the
patient’s visual outcome.

On the contrary, we found that a significant reduction of
retinal sensitivity involving the whole macular region does
not allow the stabilization of a new preferential retinal locus.
In these patients, the anatomic fovea, although characterized
by a very low retinal sensitivity, is still in use, thus making
the rehabilitation process more difficult and less effective in
terms of visual performance, speed of reading and reading
comprehension. This condition is typically observed in
some retinal diseases, such as, in order of frequency, highly
myopic macular dystrophy, extensive retinal detachment and
vitreoretinal schisis of the posterior pole. In our patients,
we observed the first two pathologies as main causes of
permanent low vision.

Finally, some considerations, with important social and
economic outcomes, must be made. Remembering that the
main goal of rehabilitation, established together with our pa-
tients during the first examination, was to reach good abilities
inreading, we observed a significant lack of correspondence
between the corrections for near distance used by patients
at baseline and the final prescribed optical devices. Indeed,
the corrective system for near vision previously used by
patients was generally never confirmed by us. Among the
group of 20 patients rehabilitated as monocular, only 35%
had used a monocular system, although ineffective, while
65% came to our observation with a binocular spherical
correction, which caused confusion and did not succeed in
allowing a good reading performance. Two patients, one with
choroidal neovascularization alone and the other one with
choroidal neovascularization associated with macular hole
in the same eye, came to our observation at baseline with
a VDG Magnifier, even if the clinical evaluation revealed
that the best reading results were obtained by using a simple
binocular hypercorrective system. The analysis of devices
previously dispensed for far vision gave less important
results: the use of glasses or contact lenses was confirmed
or only slightly modified. This observation highlights the
need for a greater attention in evaluating visual acuity and
the possible corrective devices for patients with low vision.
It is also important to consider economic factors, especially
the possibility to obtain the best visual performance with
the cheapest solution. For example, a VDG Magnifier is
almost four times more expensive than a hypercorrective or
aplanatic system, which represent, when applicable, more
practical and cheaper choices for social activities.

In conclusion, it is possible to aid patients affected by
low vision much more than might appear at a glance. A more
careful evaluation of visual acuity, retinal sensitivity and
preferential fixation locus on the macular area is necessary in
order to prescribe the best optical devices to patients with low
vision, thus reducing the impact of the disability on their daily
life, with evident social and economical benefits (18-21).
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