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Overview of Fundus Lesions Associated
with Pathologic Myopia

Kyoko Ohno-Matsui

Abstract

Various kinds of lesions of myopic maculopathy occur in
the posterior fundus of the eyes with pathologic myopia
(PM), which could impair the vision. In addition to
META-PM classification, the recent OCT-based classifi-
cation clearly showed that the lesions of myopic macu-
lopathy were characterized by “extreme thinning of the
choroid,” “macular Bruch’s membrane defects,” “macular
retinoschisis and tractional lesions,” and “dome-shaped
macula.” The underlying cause of developing these
lesions is a deformity of the eye represented by posterior
staphylomas. In this chapter, an overview of posterior
staphyloma and each lesion of myopic maculopathy will
be presented.
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2.1  Introduction

In eyes with pathologic myopia (PM), various kinds of
lesions are present in different regions of the fundus, e.g., in
the macula, mid-periphery, periphery, and on the optic disc
(Fig. 2.1). The different kinds of lesions often coexist which
makes an accurate diagnosis of each type of lesion difficult.
In this Atlas, morphological features of each lesion associ-
ated with PM are presented based on recent multimodal
imaging technology. First, an important cause of developing
these lesions, posterior staphylomas, is described.
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2.2  Posterior Staphylomas: A Cause

of Developing Myopic Maculopathy

A posterior staphyloma is a posterior outpouching of the
posterior segment of the eye (Fig. 2.2). Posterior staphylo-
mas are a hallmark of pathologic myopia and are one of the
major causes of the development of myopic maculopathy
[1-6].

In spite of its importance, there was no standardized defi-
nition of posterior staphylomas. Posterior staphylomas were
occasionally confused with a simple backward bowing of the
sclera which was commonly seen in the OCT images of
highly myopic eyes.

Spaide [7] presented a comprehensive definition of poste-
rior staphylomas in which he stated that a posterior staphy-
loma was an outpouching of a circumscribed region of the
posterior pole of the eye that had a radius of curvature that
was shorter than the radius of curvature of the adjacent eye
wall (Fig. 2.3). The important point is that the formation of a
staphyloma is an independent phenomenon that can develop
from the continuous elongation of the axial length.
Supporting this, staphylomas can also occur in non-axially
elongated eyes [8] (Fig. 2.3d).

The importance of staphylomas is in its affected area of
the eye. In the process of axial elongation, the equatorial
region is mainly expanded while the posterior aspect of the
eye is relatively unaffected (Fig. 2.3b). However, a staphy-
loma causes a deformity of the posterior pole of the eye
where the visually important tissues, such as the macula and
optic nerve head, are situated. It can easily be imagined that
staphylomas can mechanically damage these tissues which
can then lead to an impairment of vision. Supporting this,
highly myopic eyes with staphylomas have poorer vision,
and more commonly have myopic macular pathological
lesions [2].

Curtin [9] examined staphylomas by ophthalmoscopic
observations and chart drawings, and he classified them into
10 different types. Later, Ohno-Matsui [2] made a simpler
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Fig. 2.1 Different types of fundus lesions can be seen in an eye with
pathologic myopia in fundus photo (left) and in fundus autofluores-
cence image (right). Left fundus of a 67-year-old woman with an axial
length of 34.9 mm. Ultra-widefield fundus image shows multiple
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Fig. 2.2 Macroscopic images of staphylomas (modified with permis-
sion from the textbook Pathologic Myopia, Courtesy of Professor
Emeritus Shigekuni Okisaka of the National Defense Medical College,
Saitama, Japan). (left) A highly myopic eye with a narrow, macular
staphyloma. The macular area is protruded posteriorly, and the sclera is
extremely thinned in the protruded area. The axial length of the globe is

lesions of patchy atrophy in and around the macula. A very large peri-
papillary atrophy is observed. Yellowish diffuse atrophy is seen around
the peripapillary atrophy. Multiple cobblestone lesions are seen in the
periphery

29 mm. (right) A highly myopic eye with large, multiple protrusions in
a wide, macular staphyloma. Both, the peripapillary and macular
regions, are protruded posteriorly. A large chorioretinal atrophy is seen
extending over the entire posterior fundus. Axial length of the globe is
37 mm
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Fig. 2.3 Definition of posterior staphyloma (modified with permission
from the Spaide [7]). (a) Emmetropic eye. (b) Axial myopia without
posterior staphyloma. Axial elongation is present mainly in the equato-
rial region that does not induce an altered curvature in the posterior
aspect of the eye. (¢) A second curvature occurs in the posterior portion

of the eye, and this second curvature has a shorter radius of curvature
(r,) than the surrounding eye wall (r). This secondary curve is a staphy-
loma. (d) In some eyes, a staphyloma characterized by a secondary cur-
vature (r,) can occur without marked axial elongation

Fig. 2.4 Three-dimensional magnetic resonance imaging (3D MRI) of
an eye. (left) 2D image of T2-weighed MRI shows unilateral high myo-
pia. (right) Using volume rendering of T2-weighed MRI image, 3D

classification and renamed staphylomas according to their
size and location (see Chap. 3).

Most of the studies analyzing staphylomas used oph-
thalmoscopic observations and were subjective. Moriyama
et al. [1] used modified 3D MRI technology to evaluate
the entire shape of the eye (Fig. 2.4). This was a very pow-
erful method, and it allowed them to classify the different

view is created. Then the 3D image of the eye is extracted by trimming
the surrounding tissue

shapes of eyes with staphylomas more extensively and
accurately. However, 3D MRI is still not feasible as a
screening technique. To overcome this deficit, we have
turned to ultra-widefield OCT which had been recently
introduced (Fig. 2.5) [10, 11]. The morphological shape
of the staphylomas is clearly visible for their entire extent
in the ultra-widefield OCT images. Different from 3D
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Fig.2.5 Ultra-widefield OCT image of an eye with a posterior staphy-
loma. (left) B-scan shows a posterior displacement of the sclera in the
area of a staphyloma. An arrow shows a staphyloma edge. (middle) 3D

MRI, a detailed structure of the retina and the optic nerve
are also visible, and these images show how eye deformi-
ties represented by staphylomas mechanically affect the
visually important tissues.

Many of the fundus lesions associated with PM are diffi-
cult to cure; however, based on these imaging data, future
treatments to prevent and treat staphylomas before blinding
complications occur are expected.

2.3  Myopic Maculopathy: Diffuse Atrophy

and Patchy Atrophy

In 2015, a consensus classification of myopic maculopathy
was established based on fundus photographs by a group of
retina experts. This group was named the Meta-analysis for
Pathologic Myopia (META-PM) Study group [12]. In this
META-PM classification, myopic maculopathy was classi-
fied into five categories; Category 0, “no maculopathy”;
Category 1, “tessellated fundus”; Category 2, “diffuse cho-
roidal atrophy”; Category 3, “patchy choroidal atrophy”; and
Category 4, “macular atrophy.” Three additional features to
supplement these categories were defined as “plus” lesions;
namely, lacquer cracks, myopic choroidal neovasculariza-
tion (myopic CNV), and Fuchs’ spot.

The META-PM classification is a well-established
classification and has been widely used in many studies
[5, 13, 14]. However, this classification is based on fun-
dus photographs, and as is well known, the tone of the
color of the fundus is affected by degree of fundus pig-
mentation which greatly differs among different ethnic
groups. Thus, such photographical classification will
depend on the ethnicity of the patient and will still be
subjective. In addition, longitudinal studies with an
18 year follow-up period showed that most of the macu-
lar atrophy was CNV-related [5], i.e., the macular atro-
phy gradually developed around a CNV and did not

reconstructed image viewed from the front shows a staphyloma (out-
lined by arrowheads). (right) 3D reconstructed image viewed from the
side shows a posterior protrusion due to staphyloma (arrowheads)

develop without a preexisting myopic CNV. This indi-
cated that a progression from Category 3 to Category 4 in
the META-PM classification was very rare.

The imaging of the fundus of the eye has been greatly
advanced especially for the OCT images. Earlier studies
using enhanced depth imaging (EDI)-OCT and swept-source
OCT showed a thinning of the choroid in myopic eyes [15,
16]. In eyes with PM, the choroid is extremely thin and is
occasionally completely absent with large choroidal vessels
remaining sporadically. Compared to retinal and scleral thin-
ning, the choroidal thinning is disproportionately notable.
Such extreme thinning of the choroid first develops temporal
to the optic disc in childhood [17], and it expands and then
involves the macular area. Choroidal thinning progresses
from tessellation to diffuse choroidal atrophy [18]; however,
no further thinning is noted from diffuse atrophy to patchy
atrophy [18]. Recent swept-source OCT studies showed that
patchy choroidal atrophies were not simply atrophic areas
but were holes in Bruch’s membrane (BM) [19]. These find-
ings suggested a possibility that the lesions of myopic macu-
lopathy can be categorized according to the degree and
extent of the choroidal thinning as well as to the formation of
BM holes [18].

Artificial intelligence (Al) is expected to become a pow-
erful method to diagnose and evaluate the progression of
myopic maculopathy. In addition, an OCT-based classifica-
tion of myopic maculopathy is considered to best fit the Al
diagnosis. Please see Chap. 4 for details of OCT-based clas-
sification (see Chap. 17).

24  Myopic Maculopathy; Myopic Macular

Neovascularizations (MNV)

A myopic macular neovascularization (MNV) is also known
as myopic CNV. However recent OCT studies revealed that at
least some myopic CNVs were originated directly from intra-
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scleral branches of short posterior ciliary arteries, myopic
macular neovascularization (MNV) is considered a more
accurate term. MNV is a major cause of a reduction of central
vision in patients with PM, and it develops in 10% of highly
myopic eyes [20]. When untreated, most of the patients with
MNYV have the best-corrected visual acuity (BCVA) of <0.1
at 5 years after the onset of the MNV [21]. The cause of a
long-term vision reduction in eyes with PM is mainly due to
the development of MNV-related macular atrophy rather than
a recurrence or growth of the MNV [5, 6, 21].

A breakthrough in the prognosis of MNV was the appli-
cation of anti-VEGF therapies [22-24]. The difference
between anti-VEGF therapies and other therapies such as
photodynamic therapy is that the former causes a marked
shrinkage of the MNV. For small and non-subfoveal MNVs,
it is quite common for them to completely disappear after
the anti-VEGF therapy [25]. In the eyes whose MNV com-
pletely disappeared, the MNV-related macular atrophy,
which is a long-term complication of MNYV, does not
develop. However, in the eyes whose MNV shrinks but
does not disappear, MNV-related macular atrophy gradu-
ally develops and impairs the vision in the long-term.
Swept-source OCT showed that the MN V-related macular
atrophy was due to BM holes [26] similar to patchy atro-
phy, and thus it is different from the geographic atrophy
present in age-related macular degeneration. To improve
the long-term prognosis of MNYV, it is necessary to prevent
the formation and enlargement of BM holes around the
MNYV remnants.

In addition to the advancement of treatments, the improve-
ments of imaging and diagnosing MNV have been made. The
diagnosis of MNV was previously made with fundus observa-
tions and fluorescein angiograms. Besides OCT detection of
MNVs, OCT angiography has been useful for detecting and
analyzing vascular networks. However, a MNV is small and
less active than the CNV associated with AMDs. It is some-
times difficult to obtain clear images with OCT angiography.
Thus, for proper diagnosis of the presence and the activity of
MNVs, multimodal imaging by OCT, OCT angiography, and
fluorescein angiogram are recommended [25, 27, 28].
Functional analyses using fundus microperimetry, such as by
MP3, are also useful.

2.5 Myopic Macular Retinoschisis

and Tractional Lesions

The use of OCT has led to the identification of new patholo-
gies associated with PM, e.g., myopic macular retinoschisis
and dome-shaped macula (DSM). Takano and Kishi [29]
first reported that patients with PM had macular retinoschi-
sis before developing a macular hole retinal detachment.

With the improved resolution of OCT instruments, other
pathologies have been clarified, such as foveal retinal
detachment, lamellar macular holes, retinal vascular micro-
folds, and paravascular lamellar holes [30-35]. Myopic
macular retinoschisis was originally thought to always
develop in eyes with a posterior staphyloma [29], but recent
ultra-widefield OCT images showed that it was also present
in eyes without a staphyloma [11]. Vitreous abnormalities in
eyes with PM may play important roles in the development
of myopic macular retinoschisis in eyes without an evident
staphyloma [36, 37].

The usefulness of surgeries for myopic traction maculop-
athy is widely known [38, 39]. Modified surgical techniques
such as fovea-sparing ILM peeling is now being widely used
[40, 41]. The surgical indications for this procedure still need
to be standardized. In addition, how the surgical outcome is
quantified also needs to be determined. Besides the anatomi-
cal outcomes, functional outcomes by fundus microperime-
try are recommended [42].

2.6 Dome-Shaped Macula (DSM)

A DSM is an inward protrusion of the macula area that can
be identified by OCT [43, 44], and it is due to a local thick-
ening of the sclera in the macular region [45]. The DSM is
associated with various macular complications such as
serous retinal detachment (RD) and MNV [46]. Although
the mechanism(s) causing the formation of a DSM has not
been definitively determined, the presence of macular BM
defects may be one cause [47].

2.7  Conclusions

Various pathological lesions are present in wide areas of the
fundus in eyes with PM, e.g., a peripheral avascular zone in
360 degrees [48], formation of a macular vortex vein [49],
and radial tracts spreading from the staphyloma edge [50].
These pathological changes that develop in eyes with PM are
probably related to the axial elongation and staphylomas
present in eyes with PM.

The shape of the eye and ocular circulation, especially
the choroidal circulation, are markedly altered in eyes
with PM (Fig. 2.6, see Chap. 16) [49]. Such changes
cause mechanical damage of the retina/choroid/sclera
and the optic nerve. It is recommended that thorough
examinations regarding a relationship between fundus
pathologies and the eye shape should be conducted. It is
important to clarify where the mechanical damage is
loaded in the eyes with PM. Many pathologies in PM
might be “mechanical.”
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Fig. 2.6 Changes of choroidal vasculature shown by widefield indo-
cyanine green angiography. (left) Macular vortex vein collects the cho-
roidal venous blood and exits around the optic nerve after forming an
ampulla. The choroidal venous flow is opposite within and outside the
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