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Pathologic Myopia: Complications
and Visual Rehabilitation
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Abstract

High myopia, defined as refractive error of at least —6.00D or an axial length of
26.5 mm or more, can induce many modifications in eye’s anatomy that can lead to
complications. When high myopia is able to decrease best corrected visual acuity
(BCVA) due to its complications, it is called pathologic myopia. Pathologic myopia is
one of the major causes of blindness, and it represents a serious issue, since incidence
of myopia and high myopia is constantly rising. For educational purposes, in this
chapter, complications of pathologic myopia will be divided into anterior (when struc-
tures external to the globe or anterior to the ora serrata are involved, such as motility
disturbances and cataract) and posterior (when structures posterior to the ora serrata
are involved, such as lacquer cracks, chorioretinal atrophy, Fuchs maculopathy, myopic
choroidal neovascularization, and retinal detachment). Many treatments are avail-
able for pathologic myopia complications depending on their type, such as vascular
endothelial growth factor (anti-VEGF) injections and surgery. We will focus on visual
rehabilitation interventions, such as visual biofeedback and visual aids that in many
cases are the only chance that the ophthalmologist has in order to help patients suffer-
ing from pathologic myopia to use at their maximum their residual vision.

Keywords: visual rehabilitation, low-vision aids, microperimetry, high myopia,
pathologic myopia complications

1. Introduction

Many modifications in normal eye anatomy and structure occur in high myopic
patients. Sclera is the most external layer of the eye. In normal nonelongated eyes,
scleral thickness decreases from the limbus to the equator, then increasing again to the
posterior part of the eye. Normal sclera has also well-known tensile and elastic proper-
ties. In highly myopic eyes, these properties are altered with tensile strength reduced
and augmented elasticity especially at the posterior pole of the globe. The reason can be
searched in the alteration of its ultrastructure (which is more layered and lamellar com-
pared to the normal sclera), in thinning and decreased diameter of the collagen fibers,
and also in configuration and conformation of the collagen fibrils. In highly myopic
eyes, also a remodeling of the extracellular matrix is observed during the extension of
the eyeball, even if its mechanisms are not fully understood. These modifications lead
to the fact that in highly myopic eyes, sclera is thinner in the part that goes posterior
to the equator, while the anterior part does not show any significative difference with
normal eyes. This kind of modification can contribute to the development of many
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complications that will be discussed in this chapter. Corneal modifications in high
myopic patients are still under debate; some studies reported modifications in corneal
biomechanical properties in high myopic patients, such as lower hysteresis. According
to some studies [1], highly myopic patients had flatter curvature, modifications in
corneal thickness, and decreased endothelial density, while other studies did not report
any statistical difference in central corneal thickness (CCT) in various ranges of myopia
[2]. Choroid’s thickness is significantly reduced in highly elongated eyes; its thickness in
foveal and parafoveal portions showed to be inversely proportional to parameters such
as patient’s age, myopic sferic equivalent, and axial length of the globe, with this last
parameter showing to be the most consistently related. Also, distribution of choroidal
thickness is altered in these eyes, with temporal and superior regions far from the fovea
that show to be thicker than foveal region. Another strong predictor for choroidal
thinning in high myopic patients is the presence of a posterior scleral staphyloma [3].
Furthermore, this thinning in choroidal tissue has a negative impact on retinal tro-
phism. With regard to choroidal flow in highly myopic eyes, studies are controversial;
for some of them, blood flow in choriocapillaris is augmented, while for others not. It is
possible to find differences between high myopic patients and emmetropic ones even in
retinal blood flow. Density of the superficial and deep plexus is significatively reduced
in high myopic subjects, and the magnitude of this phenomenon is negatively related

to axial length and myopic refraction. It is possible to postulate that increasing of the
axial length on this eyes can lead to mechanical stretching of ocular structures, leading
to damage to retinal pigmented epithelium (RPE), retinal microvascular network, and
endothelial cells. Furthermore, in highly myopic eyes, excessive elongation of the globe
and tilting of the optic disc can lead to posterior staphylomas formation and the tilting
of the optic disc could lead to alterations in macular and foveal morphology, leading to a
change in foveal position that can be found moved mainly in the vertical direction. High
axial length is associated with many morphologic changes in the optic nerve and peri-
papillary region. The axial elongation is associated with the enlargement of the optic
nerve head and of the peripapillary scleral tissue. The scleral flange is strongly adherent
to the lamina cribrosa and axial-elongation-induced scleral enlargement during eye
movements. This condition may lead to thinning of the lamina cribrosa, and it may

also be associated with the formation of peripapillary choroidal cavitation. Thinning

of lamina cribrosa leads to an alteration between intraocular pressure (optic nerve
tissue pressure and cerebrospinal fluid pressure) with a steepening of the translamina
cribrosa pressure gradient; this may play a role in the development of the glaucomatous
optic neuropathy.

2. Anterior complications in pathologic myopia
2.1 Cataract and pathologic myopia

Three main studies have investigated the connection between cataract forma-
tion and high myopia: the Blue Mountains Eye Study and the Beaver Dam study. In
the first one, researchers found that there may be a strong connection between the
development of posterior polar cataract and myopia that appeared before 20 years.
Furthermore, they found a correlation between the level of myopia and posterior
subcapsular cataract. High myopia, however, was linked to the formation of all the
three types of cataract known [4]. In the Beaver Dam study, researchers confirmed the
connection highlighted in other studies between myopia and nuclear cataract [5].
Unlikely, the connection between myopia and age-related cataract is not fully con-
tirmed, while the incidence of PSC and nuclear cataract in myopic eyes appears well
established. Also, the distribution of the type of cataract in relation to the axial length
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of the eye has been investigated; some studies found no connection, while others
found a significative direct correlation between AL and the severity of the lens opacity
[6]. Eventually, the mechanism that underlies this condition is not fully understood.

2.2 Motility and globe position alterations in high and pathologic myopic patients

High myopia is one of the clinical entities that cause a unilateral proptosis [7],
leading to poor cosmesis, motility alterations, and pain. Furthermore, chronic
exposition of anterior surface may cause exposition keratopathy. The mechanics of
the relationship between axial elongation and myopic proptosis is complex; in its
elongation process, the eyeball tends to expand backward and proptosis forward [8].

There is also evidence of a linear correlation between sferic equivalent and
proptosis grade. It has been observed that in patients that suffer from strabismus
related to high myopia, there is a displacement of the globe from the muscle cone in
the space that forms between superior and lateral rectus muscles [9]. Lateral rectus
is also inferiorly displaced.

Alterations in motility alterations can also be observed in high myopic eyes; the
range of these alterations goes from small angle esotropia with mild reduction of abduc-
tion to strabismus fixus. Exotropia and hypotropia can also be seen in these patients.
Exodeviations due to a lesser accommodative work are relatively common in myopes.

Strabismus fixus is the latest stage of the abovementioned spectrum; the eye
appears fixed in esotropic and hypotropic position; even passive movements
in other positions of gaze are impossible. Many theories for that phenomenon
have been proposed; one of them is that the displacement of the eyeball already
described causes a compression of lateral rectus muscle against the orbital wall.
According to other authors, not only lateral rectus muscle can experience this
compression, but also superior and medial rectus.

To prove this hypothesis, many MRI studies of the orbit have been performed;
some found a displacement of the abovementioned muscles, while others demon-
strated a superotemporal prolapse of the elongated posterior portion of the globe,
which displaces lateral and superior rectus [10]. High myopic patients with time can
also develop diplopia, which is due to esotropia, and hypotropia that is accompanied
by limitation of abduction and elevation [11].

Patients that suffer from alterations in motility and position of the globe often
have an axial length that is more than 30 mm.

3. Posterior complications in pathologic myopia
3.1 Lacquer cracks

Lacquer cracks are linear breaks of the Bruch’s membrane-choriocapillaris
complex, which can be found in 4% of subjects with high myopia [12]. The main
pathogenetic mechanism is the mechanical stretching of the chorioretinal struc-
tures due to scleral elongation [12]. However, according to other studies, their
formation could be associated with near vessels perforating the sclera causing the
expansion of surrounding scleral tissue [13].

The first clinical presentation usually consists in subretinal hemorrhage, which
is a potential sight-threatening condition. Fluoro angiography and indocyanine
angiography are important for differential diagnosis with myopic choroidal neovas-
cularization. At the fundus examination, lacquer cracks appear as yellowish-white
linear lesions, rarely starry or mixed shapes. Usually, they are located at the poste-
rior pole, and their peripheral formation is unusual [14].
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In autofluorescence exam, they appear ipoautofluorescent. Spectral domain optical
coherence tomography (SD-OCT) allows studying RPE and Bruch’s membrane breaks;
“en face” OCT angiography shows avascular bands in choriocapillaris segmentation [12].

Break of Bruch’s-choriocapillaris complex leads to near RPE atrophy and fibrotic
degeneration. Thus, fluoro angiography shows window-effect hyperfluorescence
with no leakage; staining can appear during late phases, especially in fibrotic-evo-
luted breaks. In those cases, indocyanine angiography shows linear ipocyanescent
lesions, which extension results longer than the one appreciable in fluoro angiogra-
phy exam. Therefore, indocyanine angiography results in a most accurate examina-
tion in lacquer crack detection. Breaks on Bruch’s-choriocapillaris complex lead to
RPE damage and subsequent retina-epithelial “patchy atrophies” and, in 30% of
cases, choroidal neovascularization (CNV) [19].

3.2 Chorioretinal atrophy (tessellation, patchy, diffuse)

Choroid thinning and subsequent retinal involvement are typical findings in patho-
logic myopia. Retinal remodellation seems to be associated with choroidal hypoperfu-
sion due to vascular axial stretching. There are three main atrophy morphologies.

Tessellated fundus is the most common. It consists in multiple linear choroid-RPE
thinning, making fundus appear as tiger streaked. Tessellated fundus is a very early
manifestation of myopic retinal changes, and it can evolve in other more severe lesions.
In fact, it is associated to lacquer crack formation and myopic chorioretinal atrophies.

Patchy atrophy appears as a gray-white lesion with well-defined edges; they
can be found on staphyloma edges, near lacquer cracks, or as CNV evolution [15].
Coalescent patchy atrophies can lead to diffuse atrophy; furthermore, they have
been described as very important risk factor in CNV formation (20%).

Diffuse atrophy, instead, is a large yellowish-white lesion with no well-defined
edges. Usually, it is located in peripapillary zone and its correlation with CNV
formation is rare (3.7%). RPE atrophy, patchy ore diffuse, leads to photoreceptor
atrophy and their loss of function. Thus, macular or foveal atrophy is responsible of
important and irreversible central vision loss. Fluorescein and indocyanine angi-
ographies show hyperfluorescence and hypercyanescence due to window effect. In
autofluorescence, atrophy is hypoautofluorescent with mild hyperautofluorescent
edges, especially in patchy atrophy.

SD-OCT allows the operator to study the retinal structures involved, measuring
progression of lesions over time (Figure1).

The process that can lead to complications due to myopic chorioretinal atrophies
is resumed in Figure 2.

Figure 1.
An OCT scan overlying an area of chorioretinal atrophy: a myopic CNV is also present.
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Figure 2.
Myopic chorioretinal atrophies and complications.

3.3 Fuchs’ spots

Fuchs’ spots are patch-like whitish retinal lesions characterized by a dark
pigmented central formation. They are the result of previous myopic CNV and
their atrophic evolution with subretinal and intraretinal pigment dispersion. As
for patchy atrophies, multiple Fuchs’ spots can coalesce forming macular atrophy.
Presence of Fuchs’ spots in a myopic eye is very important to understand the history
of the pathology and its future prognosis [16].

3.4 Myopic CNV

Myopic CNV (mCNV) is found in 5-10% of high myopic eyes. Over time, many
environmental and genetic risk factors have been detected. Among the main ones,
lacquer cracks (29%), patchy atrophy (20%), female gender, and genetic pro-
inflammatory protein expression are important to remember. However, the most
important one is history of myopic CNV in the other eye (34%). Very often, mCNVs
grow between RPE and neuroepithelium (CNV type 2 or “classic CNV”) [17] in
the macular region and precisely: 58% foveal and 23% juxtafoveal. Only 19% of
mCNVs have extramacular location on the edges of a peripapillary diffuse atrophy
(periconus-CNV).

The pathogenesis of mCNVs is still controversial. Their subretinal growth
associated to underlying RPE atrophy (75-94% of mCNVs occur on lacquer cracks),
together with strong association of choroidal thinning, suggests that an angiogenic
stimulus due to choroidal hypoxia could be a plausible pathogenic mechanism,
when RPE barrier breaks are present (patchy atrophies and lacquer cracks). Axial
length and refractive error, if considered by themselves, do not represent risk
factors for mCNVs development [18]. mCNVs growth is asymptomatic until the
activation, which leads to rapid reduction of visual acuity with metamorphopsia
and scotoma.

On the funduscopic examination, they appear as small grayish spots with
pigmented edges; subretinal hemorrhages’ and intraretinal exudation are modest.

Fluoro angiography remains the benchmark test for early diagnosis of myopic CNVs,
presenting a higher sensitivity than SD-OCT in the detection of early active forms [19].

These lesions appear as hyperfluorescence in the early phases. When active,
they show late fluorescein leakage, which is modest when compared to CNV in
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age-related macular degeneration (AMD). Furthermore, fluoro angiography, when
a subretinal hemorrhage occurred, is a fundamental tool in the differential diagno-
sis between mCNV and Lacquer crack, which typically does not show fluorescein
leakage. However, factors such as staining of dye in fibrotic tissue and hemorrhagic
blocking defect may reduce the reliability of fluoro angiography exam.

Indocyanine angiography has a better penetration through bleeding, pig-
ment, and exudates; it also allows a more accurate visualization of lacquer cracks.
However, sensitivity in identifying CNVs is lower than fluoro angiography.
Neovascularizations are shown as inconstant hypercyanescent lesions, sometimes
surrounded by a hypocyanescent halo. For these reasons, indocyanine angiography
is used only in case of extensive macular hemorrhages and in case of doubtful fluoro
angiographic results.

SD-OCT exam is a primary, rapid, and noninvasive test in the diagnosis and
follow-up of myopic CNV (Figure 3). However, modest exudation and bleed-
ing of active mCNVs can sometimes lead to misdiagnosis on OCT examination.
They appear as hyperreflective subretinal formations; signs of exudation (such as
intraretinal fluid, retinal thickening, and outer limiting membrane interruption)
can be detected only in 48% of cases, while fluorescein leakage is found in 82%. A
multimodal approach, combining OCT and fluoro angiography, allows reaching
high sensitivity in the diagnosis of myopic CNVs [20].

Overmore, implementation with OCT angiography function allowed us to study
the retinal flow in the single tomographic segmentation of the retina, managing
to identify 94.1% of mCNVs with a specificity of 93.75%. In “en face” visualiza-
tion, active CN'Vs appear as vascular organizations in a typical lacy wheel shape
or glomerular pattern, with many anastomoses and thin capillaries, in addition to
the typical perilesional dark halo. In the quiescent phase, instead, they assumed
the typical aspects of mature neovessels: large caliber and linear course, without
anastomosis, with a filiform aspect, or dead tree appearance.

The most effective treatments to date are intravitreal injections of anti-VEGF
drugs. While bevacizumab and ranibizumab demonstrated a comparable efficacy,
aflibercept allowed the resolution of the CNV with a single administration in 55% of
cases, resulting in the best medication for the “result/number of injection” ratio [21].

Photodynamic treatment has been shown to be less effective than ranibizumab;
therefore, it is considered as a second choice treatment [22]. Natural evolution of
mCNVs consists in a remodellation of the neuroepithelial and pigmented epithelial
tissues, leading to the formation of typical Fuchs’ spots and patchy atrophies with
loss of function of involved retina.

Figure 3.
An OCT scan of a myopic patient showing active myopic CNV.
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3.5 Myopic tractional maculopathy (VMT, foveoschisis, macular hole, macular
detachment)

The definition of “myopic tractional maculopathy” includes a wide range of
pathologies: vitreomacular traction, foveoschisis, and macular hole.

High myopic eyes, with a posterior pole staphyloma, undergo tractional phe-
nomena between stretchable structures and nonelastic structures. To understand
the biomechanics underlying these modifications, it is important to consider the
physiological adherence of posterior vitreous cortex on the fovea. Furthermore,
inner limiting membrane (ILM) and retinal vessels showed a reduced stretching
capability compared to choroidal and scleral structures.

The extreme bulbar elongation caused by staphylomas creates axial vitreo-
macular traction with increased macular thickness; it is usually an asymptomatic
condition, or it may lead to metamorphopsia, with preserved or mild altered
visual acuity. Axial traction may result in alterations of vitreous body, such as
cortical vitreoschisis or posterior vitreous detachment (PVD) (43.2%) with sub-
sequent cellular proliferation and increased risk of epiretinal membrane (ERM)
formation.

Progression of staphylomatous bulbar elongation comes up against lower
elasticity of retinal internal structures (ILM, retinal vessels, incomplete PVD with
vitreoretinal adhesion, ERM), causing an intraretinal cleavage and configuring
a foveoschisis (9%) [23]. Cleavage can occur in the inner, outer, or both retinal
layers, but more often, it affects the inner limiting membrane. This condition has a
variable progression, and some studies demonstrate its stability in 88.4% of cases.
However, further progression of axial traction may lead to a detachment of the
macular neuroepithelium.

The alteration of posterior pole profile due to the staphyloma, the presence
of an ERM, and the incomplete PVD are factors that can lead to the development
of tangential traction forces, which, combined with axial traction, can make the
foveoschisis evolve into lamellar or full thickness macular holes with important
visual acuity impairment. Furthermore, a full-thickness macular hole may cause
arhegmatogenous retinal detachment that can be confined to the macula or also
involve the peripheral retina.

Diagnostic strategy of all the clinical presentation analyzed is based on fundus
examination and, above all, on the SD-OCT exam. The latter allows a precise
characterization of the single vitreoretinal structures involved, through a tomo-
graphic study of the bulbar structures. OCT exams also make an accurate, rapid,
and noninvasive follow-up possible (Figure 4) [24].

Figure 4.
An OCT of a myopic patient showing a macular pucker and a foveoschisis.
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Figure 5.
Myopic tractional maculopathy and complications.

The therapy of myopic tractional maculopathies varies depending on the type
of lesion or their combination (foveoschisis, macular hole, macular detachment).
Description of surgical procedures is not pertinence of this chapter. In a general way,
surgery is the only possible choice and aims at reducing axial and tangential stretch-
ing forces. The peeling of ILM and ERM via Pars plana vitrectomy (PPV) is the basis
of the resolution of foveoschisis and macular holes [25]. However, sometimes, this
approach is not enough, especially if a macular detachment occurred. In these cases,
it may be necessary to perform a macular buckle combined or not with PPV.

The pathogenetic process that can lead to the abovementioned complications is
resumed in Figure 5.

3.6 Retinal detachment

High myopia is the main risk factor for rhegmatogenous retinal detachment;
50% of which, according to some estimates, occurs in myopic patients [26].

Rhegmatogenous retinal detachment is defined as the separation of retinal
neuroepithelium from the retinal pigment epithelium following the infiltration of
liquefied vitreous material through a full-thickness retinal rupture (tears or holes).

Early vitreal degenerative phenomena leading to syneresis show a peak at
young age. Those changes can culminate in a PVD and vitreous liquefaction. This
mechanism, typical of myopic eyes, could underlie the higher retinal detachment
prevalence. Furthermore, numerous studies have shown a strong association of
axial bulbar elongation with various peripheral retinal degenerations, especially
with lattice degenerations. These consist in retinal thinning spots with strong vit-
reous adhesion on the edges, which can exert traction, especially in the presence
of PVD. Usually, the vitreous detaches from the retina without causing problems.
But, sometimes, the vitreous pulls hard enough to tear the retina in one or more
places. Retinal tears can have different shapes and locations. Typically, they are
located between equatorial zone and ora-serrata, especially in the upper-temporal
quadrant; in over 50% of cases, they appear as circular or oval tears (retinal
holes); in the remaining 50%, there are multiple microtears, horseshoe-shaped,
and operculated tears [27].

Giant retinal tears are rare and usually associated with bulbar traumas and
vitreoretinal proliferation. Overmore, the already mentioned full thickness macular
holes can lead to a total retinal detachment in some cases.
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Diagnosis of tears and retinal detachment is based on the history and the exami-
nation of the fundus oculi. Color peripheral fundus camera and SD-OCT macular
scans are often very useful tools. Patients may be asymptomatic or complain of
phosphenes and miodesopsias. Standard treatment for retinal tears and lattice
degeneration without retinal detachment is argon laser barrage, which has shown to
be a very effective prophylactic solution for retinal detachment.

If retinal detachment has already occurred; however, the only therapy is surgery.
Ab interno and ab externo approaches are options, but the treatment is delegated to
specialistic texts.

3.7 Dome-shaped macula

Features of dome-shaped macula (DMS) are an abnormal profile of the macula
that appears convex with an anterior protrusion. Three types of DSM have been
described in literature [28]:

* horizontal oval-shaped dome
* vertical oval-shaped dome
* round dome.

DMS can occur in eyes with or without staphyloma and appears related to a
localized thinning of the sclera under the dome-shaped macula [29]. This condition
can lead to formation of subretinal fluid (SRF) and choroidal neovascularization
(CNV). Based on last evidences, the pathologic mechanisms of formation of SRF
and CNV could be linked to a similarity of choroid’s features between CSCR and
only choroid’s portion located above the DMS area in high myopic eyes [30]. One of
the complications that can occur in eyes with dome-shaped macula is CNV forma-
tion, and the types of CNV mostly related to DMS are either typical myopic CNV
(i.e., type 2 CNV) or pachychoroid-associated CNV (i.e., type 1 CNV). Another
kind of complication related to DMS is the presence of subretinal fluid that causes
a chronic serous retinal detachment, which not seems to impair visual function
in majority of cases and also shows a certain stability over time. OCT is a crucial
technique to observe this condition, because it is almost impossible to detect on
standard fundus examination (Figure 6). Furthermore, it is crucial to detect
the presence of SRF and CNV. Up to date, many treatment approaches such as

Figure 6.
An OCT of a myopic patient showing a dome-shaped macula.
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intravitreal aflibercept, subthreshold laser treatment, PDT, and antimineralocorti-
coids have been tried to treat SRF associated with DSM, but there is no a definitive
one. While representing a potential problem in high myopic eyes, some authors
found DMS to be a protective factor for visual function after cataract surgery [31].

3.8 Posterior staphyloma

Posterior staphyloma is defined as “an outpouching of the wall of the eye that
has a radius of curvature that is less than the surrounding curvature of the wall of
the eye” [32].

Some authors argue that pathologic myopia should not be defined based on axial
length but on the presence of staphyloma. An increased presence of staphyloma in
eyes exhibits a longer axial length.

According to Curtin, there are many types of staphylomas [33] that can be clas-
sified into 10 subcategories. However, also, other classifications have been proposed
recently [34]. Methods for detecting staphylomas are OCT, fundus imaging, B mode
echography, and 3D magnetic resonance imaging (MRI). Among all, OCT offers
the possibility to detect the posterior staphyloma and also to study the morphology
of the retinal layers. Interpreting an OCT exam in these cases, it is crucial not to
confuse a real staphyloma with a simple scleral backward bowing due to elongation
of the eyeball, which is a relatively common finding in high myopic patients. 3D MRI
in T2-weighted acquisition perfectly delineates the presence and the type of staphy-
loma. However, this is not a routine technique and its limits are that it is expensive
and that this is not widespread. The presence of a posterior staphyloma can have neg-
ative implications on visual outcome, and is also linked to an augmented incidence
of other complications such as myopic CNV, myopic macular retinoschisis, and high
myopia-associated glaucoma-like defects or glaucomatous optic neuropathy.

4. Low-vision rehabilitation

In many cases, pathologic myopia patients experience an irreversible and deep
loss of vision. In such cases, low-vision interventions are useful to allow patients to
continue or to improve daily living tasks, independency, and quality of life. Many
devices and trainings are available to achieve this goal.

This is an important tool to use in high myopic patients with visual field defects
that impair vision, because this is a particularly favorable condition for low-vision
correction, mainly because they are used to read at close range of distance.

Low-vision rehabilitation can be approached by many techniques that can be
subdivided in two main categories:

a.stimulation techniques (such as visual biofeedback)
b.low-vision aids.
4.1 Stimulation techniques
In general terms, biofeedback is a technique that is used to learn how to control a
body function that normally is not under patient’s control.
Visual biofeedback can be accomplished by many techniques; in our experience,
acoustic biofeedback visual training provides to be the most effective. First of all,

it is useful to evaluate patient’s retinal sensibility and fixation stability by making
a microperimetry (Figure 7); this exam allows the examiner to evaluate retinal

10
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A microperimetry exam of a high myopic patient who suffered from multiple aveas of retinal atrophy and
who underwent surgery for vetinal detachment, exam prior of acoustic biofeedback training. A threshold of 4-2
strategy with a Goldmann I1I stimulus was used to perform this exam. An unstable fixation was shown in this
patient by means of FUJI classification provided by the machine.

sensitivity in each and every single point of the strategy chosen in a very accurate
manner, because the machine presents the light stimulus only when it is perfectly
lined with the point to examine by simultaneously analyzing the matching between
two or more region of interests (ROIs) chosen by the examiner and the fundus
image at that exact moment. This technology, also defined as “fundus-related
perimetry,” overcomes the main limit of the traditional perimetry: the perfect
matching between the stimulus and the point to be stimulated. Then, a fixation
stability study using bivariate contour analysis area (BCEA) can be performed. The
most important thing in follow-up is to evaluate the fixation stability always in the
same manner, since there may be some differences between the one evaluated dur-
ing microperimetry exam and the one using fixation stability tool, maybe because
of the difference in duration between the two exams.

Acoustic visual biofeedback patient is usually done by putting the patient in front
of a machine (a microperimeter). The ophthalmologist chooses a point external to
the central scotoma to be stimulated and to become a pseudofovea (or stimulates the
natural fovea in cases of peripheral visual defects in case of poor fixation stability).

This point is chosen evaluating:

* patient’s attitudes and necessities
* retinal sensitivity by means of a microperimetric map

* fixation stability and distribution (bivariate contour ellipse analysis or BCEA)

distance from the natural fovea.

11
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Figure 8.

The fixation stability study (BCEA) of a high myopic patient suffering from a small absolute central scotoma.
On the left: before the treatment with acoustic biofeedback; on the right: changes in fixation stability after

two treatment of acoustic biofeedback, each of 10 sessions of 10 min. It is possible to appreciate the drastic
improvement in fixation stability by means of bivariate contour ellipse analysis.

Regarding last point, it is important to understand that more the distance of the point
chosen for stimulation from the natural fovea, the lesser is the outcome to be expected.
When the most favorable point to be stimulated is chosen, the patient is asked to firmly
look with one eye at a time (in case of rehabilitation of both eyes) to a fixation target
inside the microperimeter with the point chosen to be stimulated; during the session,
the lesser the distance between the target and the new fixation point chosen, the more
continuous the sound emitted by the instrument will be, hence giving the patienta
constant control of the retinal point fixing the target. After a training period (usually 10
sessions of 10 min each per eye), the goal is to achieve a constant and stable fixation with
the most favorable (in terms of position and residual sensitivity) retinal point other than
the fovea previously chosen (Figure 8) [35], which is also called pseudofovea, in case of
a central scotoma or to achieve a more stable fixation in case of a peripheral defect with a
poor fixation stability. All these aspectslead to a better reading performance.

In case of a lesion that leads to a central scotoma, patient’s neurovisual system
automatically chooses a preferred retinal locus (PRL also known as pseudofovea),
which is defined as “one or more circumscribed regions of functioning retina,
repeatedly aligned with a visual target for a specified task that may also be used for
attention deployment and as the oculomotor reference” [36]. It is also possible to
develop two or more PRLs that change accordingly to different tasks. If the ophthal-
mologist decides to move this PRL using visual biofeedback to a point other than the
one automatically set by the patient’s brain because he thinks it may be more favor-
able, it is possible to call it trained retinal locus (TRL). Before starting the treatment,
it is absolutely mandatory that the patient has already developed a PRL by itself.

The improvements in fixation stability and PRL relocation observed using acoustic
biofeedback technique suggest that a mechanism of cortical reorganization and corti-
cal plasticity may underline those changes [37]. In case of the presence of peripheral
visual field defects, a perimetry using 30-2 strategy is useful and can be added to a
microperimetry in order to have a more precise evaluation of patient’s residual vision.

As already said before, there are two main categories of visual defects that high
myopic patients can develop [38]:

* central scotoma (variable in depth, extension, position)

* glaucomatous (if glaucoma develops) or glaucoma-like defects (central and
peripheral defects variable in depth, extension, position).
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It is well known that patients affected by absolute central scotoma from other
kinds of maculopathies may benefit from visual biofeedback training. Highly myopic
patients develop macular complications that can lead to this kind of defect, hence
making this kind of therapy beneficial also to those patients. Due to the risk of devel-
oping glaucoma and/or glaucoma-like defects as mentioned above, acoustic biofeed-
back can be a useful technique in the visual rehabilitation of those patients. Many
studies proved the efficacy of this technique in advanced glaucomatous damage in
improving fixation stability and visual performances in patients with glaucoma.

4.2 Visual aids

Visual aids are tools (optical or technological) that may improve visual perfor-
mances in low-vision patients such as high myopic patient in which visual defects
have already developed.

For didactic purposes, we will divide them into three main categories:

a.for distance and intermediate vision
b.for near vision and reading
c.field enhancement.

4.2.1 For distance and intermediate vision

Telescopic systems are the hallmark of this category, and they work by producing
magnification. There are two main kinds of telescopes: the Galilean and the Keplerian
ones. A Galilean telescope works by coupling a convex lens (object) and a concave
lens (ocular) [39]; the image produced is real and erect. A Keplerian telescope is made
by the combination of two lenses: a convex lens, which is closest to the object (the
ocular lens) and a convex lens (the objective lens), which is closest to the eye and
has less dioptric power than the first one. The distance between the two lenses is the
result of the sum of their focal length. Since the image produced is inverted, a prism is
required in order to reverse it. This kind of telescope has more wide field of view, less
aberrations, and a better image quality than Galilean ones, but they are a little bit less
comfortable since they are heavier and often more expensive. In contrast, Galilean tele-
scope is lighter, cheaper, and shorter, making them handier for the patient. Telescopes
are very effective for distance tasks, but they present some problems. They have a
steep learning curve because of the restricted field of view, and the learning process
is a struggle because of the distortion provided on space and objects. Telescopes are
available in many forms such as hand held, spectacle mounted (Figure 9), and clip-on.
They may also have fixed or variable focus. Spectacle mounted is obtained by cutting
an hole in the spectacle lenses and inserting the telescope; this one can be placed at the
center of the lens or higher than the center; this position is particularly useful since
the patient uses the center of his lens for most of the time and can look through the
telescope placed in the upper part of his spectacles only when he needs to magnify
some distant object (such as, for example, traffic signs) [40].

4.2.2 For near vision and reading
Microscopic systems are high dioptric positive power lens that work by reducing
focal length. There are many solutions that use this technology. Handheld magnifiers

are variable positive power lens with handle, aspheric or biconvex, in various dioptric
power and magnification, whether illuminated or not. High positive power lens are
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Figure 9.
A patient driving using binocular telescopes mounted on top of the spectacle lenses.

available also as pocket magnifiers. Bar magnifiers are variable length bars able to
magnify a text by sliding upon it. They are available in different dioptric powers (hence
different magnification) and can be illuminated or not. Another option is high posi-
tive dioptric power lens spectacle mounted. However, they pose some struggling: the
higher the power, the lesser the distance between the text/object and lens; the higher
the power the, higher the convergence required to the patient. Binocular microscopic
systems (also known as prismatic hypercorrective) are spectacle-mounted hypercor-
rective lens, which consist in two positive lenses and two prisms that are calculated
based on the power of the positive lens; this kind of glass is found in various amount
of magnification and dioptric power (usually from +3.00 to 16.00 dpt). The higher the
magnification, the higher the difficulty of the patient to adapt to this kind of low-
vision aid. The aim of the use of the prisms is to reduce the amount of the convergence
required to the patient due to the use of the reduced working distance, hence reducing
discomfort from prolonged tasks as for example reading a book. As we said before, one
of the key mechanisms to improve reading performance in low vision is magnifica-
tion [41]. Many electronical devices exist to accomplish this job; one of them is closed
circuit television (CCTV). These systems are often reserved to visually impaired
people with severe low vision in which the magnification needed to be able to read or to
do it more fluently should be as high that optic systems would not be comfortable and
usable [42] to. These are called CCTV to differentiate them from broadcast television.
This system can also be useful for writing. Behind the lens of the CCTV camera, there
is an image sensor, which is equivalent to a retina. This lens system refracts light beams
reflected from an object and focuses them on the plate to become an image.

Based on information sheets of American Foundation for the Blind (AFB), a
CCTYV (Figure 10) must have these characteristics:

* video camera mounted on a fixed stand (some models have optics able to
provide zoom while others not; some have autofocus while others not)

e TV or monitor from 5” to 20"
* positive magnification from 2x to 60x (but also even more)

* polarity inversion (from black-white to white-black)
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Figure 10.
A CCTV used for writing.

* focus, contrast, and brightness controls

e table that moves on an X-Y direction.

Many kinds of CCTV systems are available in the market; the main difference is
between portable CCTV and table-mounted systems. The first one is extremely use-
ful for children with low vision, because they can be used at home and at school, for
leisure and for studying. Recently, there has been some evidence that these kinds of
devices may be more effective than optical devices in improving reading speed [43].

Portable systems are usually composed by a camera with optics able to provide
a variable amount of zoom and hence magnification, an LCD screen (usually
small and in most cases within 10”), and an handle to be held by the patient. They
are designed to be portable: in most cases, they can be placed in the pocket, or in
the case of largest ones in a bag. They are useful in daily activities such as drugs
assumption, reading letters, buying products in drugstore, etc. In our experience,
however, they are most useful in case of low-vision patients with a nonsevere low
vision that allows the patients a certain level of self-sufficiency. Also, portable video
magnifiers without screen included exist.

An example of this technology is the mouse video magnifier. It consists in a cam-
era mounted on a mouse that slides above the text, which is projected on a screen.
The screen is not included; this device must be connected to a monitor, a PC, or a
TV to be used. In some cases, these products are provided with computer software
that allows capture of images on the patient’s PC.

4.2.3 Other kinds of devices
Many braille systems exist on the market. One of them is the braille printer,

which works like a normal printer with the difference that it prints braille text onto
a thick paper. Those devices are usually linked to a computer equipped with braille
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Figure 11.
A braille display.

translator software that converts a text from a language into a braille text. This text
is then embossed into a thick paper with a braille printer [44].

Braille displays (Figure 11) are special displays made of special materials (metals
or plastics). They instantly translate the text into braille that is appearing on the
computer, and they change with the scrolling of the text on the PC screen. They
are usually placed under the PC keyboard. Also portable note takers exit, making
patients able to take notes via a keyboard in braille; the system is then able to recall
and read them via voice activation. A braille writer is very similar to a standard
typewriter, with the difference that its keyboard is made in braille. It instantly
embosses letters on a thick paper. System based on optical character recognition
(OCR) is made of a camera, which scans the text; this is then read by the system
itself via a synthetized voice. Many OCR systems offer special features such as stor-
age of the texts acquired, research of words, and chapters of the text. The advantage
of these systems is that they are not dependent on a PC for working. Many OCR
apps are now available, hence making this technology more widespread [45].

Audiobooks are another useful option in low-vision patients of pathologic
myopia. Almost any of the best-known novels can be found in audiobook format,
in which a voice reads the texts for the listeners. Many low-vision societies make
audiobooks available and also apps for new devices such as that found in tablets.

4.2.4 Household, personal, and other independent living products

In this category, all the devices that improve patient’s self-sufficiency, safety,
and quality of life are included. As many of them exist, we will cite only the best
known: vibrating-, braille and talking watches, talking blood pressure- and glucose
meters, talking thermometers, weighted eating utensil fork, talking kitchen scale,
cut-resistant gloves, talking microwave, labeling systems, object locators, etc.

4.2.5 Field enhancement
As we already said, pathologic myopic patients are at risk to develop glaucoma
and optic neuropathies. Patients can also develop ring-shaped scotomas even if the

patient is not affected by glaucoma. However, when this pathology is present, one
of the visual field alterations that a patient suffering from glaucoma can experience
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is the restriction of the peripheral visual field up to the development of a tubular
field of view. In the abovementioned cases, field enhancers are useful. There are
many tools that can act as field expanders such as reverse telescopes, minifiers, and
prisms. Minifiers act by “miniaturizing the space” in order to maximize the portion
of this one that can be seen into a tubular visual field. There are many powers of
miniaturization on the market; best known are 0.25x and 0.5x. They can be found
as handheld, clip-on, or spectacle mounted. Reverse telescopes are Galilean or
Keplerian telescopes used by the object lens and not by the ocular lens; in this way,
a minification of the space is obtained in order to fit a restricted visual field and the
power of minification is equal to the power of the telescope [46].

Minification devices are a useful help only in static situation, because patient
is not able to use them while walking since he perceives many aberrations and a
very restricted visual field. Prisms combined in a field expanding channel lens are
also an option in such cases [47]. This spectacle lens is made of two lateral prisms
of 12 pd and an inferior one of 8 pd; a central nonprismatic lens, which has the
dioptric power of the distance vision prescription, is also present. Prisms work only
in position of gaze different than the primary. This lens can be built and used for
peripheral defects even more than 20°.

5. Conclusions

High myopia, defined as refractive error of at least —6.00D and/or an axial length of
26.5 mm or more, can lead to many morphological changes in the eyeball that can cause
development of complications. World is facing a rapid rise in high myopia and patho-
logic myopia incidence, and some areas of the globe show a more rapid increase in this
trend than other ones, such as Asian regions. In such areas, the incidence rate can also
reach 80-90% of children and young adults in school age. Major risk factors in myopia
progression are intensive education and limited time outdoors. It is estimated that this
percentage and the magnitude of myopic shift will rise in the future because of the
rising educational pressure and needs especially in developing countries. The constant
rising in the amount of time spent using high-tech devices worldwide such as tablets
and smartphone and its use by children represents an adjunctive risk factor. These
evidences produce a worrying outline for the future, because early onset of myopia
in childhood is associated with high myopia in adult life. Prevention in such cases can
count on interventions on school system, favoring open air activities if possible, and
childrens lifestyle modifications [48], spending more time outside and reducing the
time spent with electronic devices. Recently, many clinical trials investigated the role
of pharmacologic therapy with atropine 0.01% eye drops and orthokeratology [49] in
slowing the progression of myopia in children and young individuals with good results.

Studies estimated that by 2050, half of the global population (5 billion people)
would be myopic and 25% of those (1 billion) would be considered highly myopic
(>—5D), making it a serious problem for healthcare systems and governments
facing the rise in healthcare expenditure, because such patients have a greater need
of care and assistive devices, low-vision interventions, and a greater impact of the
disease on their work productivity, eventually quitting work and hence increasing
the costs of this pathology. In our opinion, prevention of high myopia by reducing
near work when possible and stimulating open-air activities for children is essen-
tial; we also think that atropine drops will be an useful tool for reducing the rising
in incidence of myopia in children. For senior individuals affected by high myopia,
a comprehensive ophthalmologic assessment with OCT exam, each 6-12 months,
depending on the degree of myopia, is in our opinion crucial to be able to act
promptly in case of onset of complications related to high myopia.

17



Intvaocular Lens

As above mentioned, when complications due to high myopia occur, we talk
about pathologic myopia. Many complications can develop, and their treatment
can count mainly on surgery and anti-VEGF therapy. When treatment is not
possible or after this in order to boost and maximize the visual recovery, ophthal-
mologist can recur to visual rehabilitation strategies. These can count into two
main categories of tools: visual stimulation and visual aids. Acoustic biofeedback
is one of the most effective techniques in order to stimulate visual system. First
of all, it is mandatory to analyze the characteristics of the visual field defects
that are affecting the patient. Two types of defects can occur in such patients:
central scotomas (of various shape, size, and depth) and peripheral defects. The
two can also occur simultaneously in various combinations. Then, in case of a
central defect, after analyzing patient’s retinal sensitivity and fixation stability
with a microperimetry, if the patient has already developed a preferred retinal
locus (PRL or pseudofovea) by itself, it is possible to stimulate this one if it isin a
favorable position in order to boost fixation stability or to choose a new point to
relocate the PRL in a position that the physician considers more favorable for the
patient because of a better residual retinal sensitivity. A PRL is a point that the
patient with a central scotoma uses to fixate object, as a “substitute” of the natural
impaired fovea. This point is chosen considering patient’s expectations, attitudes,
activities and the residual sensitivity microperimetric map of the patient and
the distance that the point candidate to be stimulated from the natural fovea. It
means that for a better outcome it would be better to choose a point with the best
residual retinal sensitivity not too far from the natural fovea if possible. Acoustic
biofeedback is a technique that trains the patient relocating the PRL to a more
useful position; when a point to become the new PRL is chosen by the examiner,
during the acoustic biofeedback session, a beep is produced by the machine
(microperimeter), and it becomes more continuous as the point to be stimulated
gets closer to the center of the fixation target on the machine, hence training the
patient to use the point set by the ophthalmologist. This one guides the patient
during the whole session, giving him instructions where to move his gaze to match
the trained PRL and the center of the fixation point of the machine. A typical
acoustic biofeedback rehabilitation protocol is composed of 10 sessions of 10 min
each, typically one session per week. However, it can be repeated if necessary. In
case of a peripheral defect alone, acoustic biofeedback can be useful if an unstable
fixation is present in order to stimulate the fixation point and make it more stable.
Visual aid use can also benefit of a more stable fixation; they are available for
distance and intermediate-near vision. For distance vision, the most popular
devices are telescopes, Galilean, and Keplerian ones. They ideally “approach” far
items to the observer by magnifying them. They can be monocular or binocular,
clip-on, spectacle mounted, and handheld. For near vision, microscopic systems
are available; they are high dioptric positive power lens that work by reducing
focal length. There are many solutions that use this technology: handheld magni-
fiers, bar magnifiers, positive overcorrection of near prescription, visolettes,
and prismatic hypercorrective are available in various spherical powers and so in
various magnification power. Electronic aids for near vision are available, with
portable and fixed CCTV being the mainstay of the category. Other solutions are
also available such as braille systems (displays, printers, note takers), household,
personal and other independent living products (for example, braille and talk-
ing watches, talking blood pressure and glucose meters, etc.), OCR systems, and
audiobooks. Many recent apps for aided mobility, OCR, etc., have been placed on
the market. In patients with peripheral visual field defects, field enhancement
systems are very useful. Reversed telescopes and field expanding channel lens
represent the mainstay of this category.
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