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Introduction

Myopia has been a globally prevalent health issue and the 
incidence of myopia is expected to increase in the next 
few decades. Myopia is defined as refractive error by 
which the image coming into the eye is focused in front 
of, but not on, the retina. Both genetic and environmental 
factors are considered to play important roles in its 
development. In high myopic eyes, pathologic myopia, 
also known as "myopic macular degeneration", "myopic 
maculopathy", or "degenerative myopia" can occur, 
which can lead to visual acuity (VA) decline. Pathologic 
myopia affects 1-3% of the general population (1) and 
has been one of the major causes of low vision and 
blindness worldwide. In addition, because pathologic 
myopia often affects the productive age population, it is 
considered to be a social and economic burden.
 In this review, current knowledge is summarized on 
the epidemiology of myopia, classification of myopic 
maculopathy, myopic choroidal neovascularization, 
myopic retinoschisis, and macular holes as well as 
interventions to suppress myopia progression.

Epidemiology of myopia

Epidemiology studies on myopia have been conducted 
in multiple locations around the world, and the reported 
prevalence and its impact on low vision and blindness 
have varied among the studies. Here are some examples.

 A report from the Blue Mountains Eye Study that was 
conducted in Australia and published in 2002 investigated 
the prevalence of myopia and myopic retinopathy (2). In 
this urban population, aged 49 years or older, myopia was 
defined as < −1.0 D and was observed in 17% of the total 
participants. High myopia was defined as < −5.0 D and 
was observed in 2.7%. In this study, myopic retinopathy 
was defined as a staphyloma, lacquer cracks, Fuchs' 
spot and myopic chorioretinal atrophy (CRA). Myopic 
retinopathy was observed in 1.2% of the population. 
The cases with myopic retinopathy were followed and 
significant progression was detected at re-examination 
after 5 years in 17% with an average deteriorated VA of 
nearly 2 logMAR lines (2).
 In a report from the Rotterdam Study published in 
1998, pathologic myopia was the third leading (6%) 
cause of blindness and also the third leading (6%) cause 
of low vision in subjects aged 55 years or older (3).
 In a report from the Tajimi Study published in 2006, 
subjects aged 40 years or older were enrolled and high 
myopia of < −5.0 D was found in 8% of the participants, 
myopic macular degeneration was the third leading 
(9.2%) cause of bilateral or monocular low vision and 
the first leading (22.4%) cause of bilateral or monocular 
blindness (4).
 In a report from the Beijing Eye Study published 
in 2006, degenerative myopia was responsible for the 
second leading (32.7%) cause of low vision and also the 
second leading (7.7%) cause of blindness. Cataract was 
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the most frequent cause of both low vision and blindness. 
Myopia was the most frequent cause of both low vision 
and blindness in a population aged 40-49 years (5).
 In the United States, the prevalence of myopia was 
24% in the population aged 40 years and older (i.e., 34 
million people), but it varied depending on ethnicity. 
The highest prevalence was for Caucasians (26%), and 
lower for Hispanics (18%), and African-Americans 
(15%). Moreover, myopia prevalence is predicted to 
increase by 2050 such that there will likely be 45 million 
people aged 40 years and older affected (6).
 In 2015, Rudnicka et al. reported results from a 
meta-analysis study that used quantitative Bayesian 
meta-regression on data from previous studies. The 
statistical model analyzed the prevalence of myopia 
(defined as < −0.5 D) for different ages and ethnicities 
around the world, which constantly changes over time 
(7). The meta-analysis comprised 143 articles including 
over 350,000 subjects with more than 74,000 myopic 
cases. It disclosed the differences in myopia prevalence 
depending on ethnicity, age, environment, and gender. 
For example, myopia is most prevalent in East Asians, 
and at the age of 10 years old, the prevalence was 
already 35%. At the age of 18 years old, the prevalence 
was as high as 80% in East Asians, while it was less 
prevalent in Caucasians (23%) and black Africans (6%). 
Children in an urban environment have 2.6-fold higher 
risk for developing myopia compared to those in a rural 
environment, and girls seem to have a 2-fold higher risk 
for developing myopia than boys, at least in Caucasians 
and East Asians (7).
 While myopia itself is a major cause of vision loss, as 
described in these epidemiological studies, myopia also 
contributes to another vision-threatening disease; that is, 
glaucoma. Myopia is a risk factor for the development 
of glaucoma, and a previous meta-analysis has estimated 
that pooled odds for developing glaucoma is 1.65 
and 2.46 for low and high myopic eyes, respectively 
(8). Therefore, detecting glaucoma in myopic eyes 
is important. This is often a diagnostic challenge for 
clinicians, however, due to myopic distortion and 
deformation in the optic nerve head and peri-papillary 
tissues (9). To diagnose myopic glaucoma, multimodal 
examinations through structural imaging and functional 
visual field tests are useful, however, care needs to be 
taken because they may increase the number of false 
diagnoses with glaucoma (9).

Classification of myopic maculopathy

High myopia is commonly defined as refractive error of 
−5.0 D or −6.0 D and/or axial length longer than 26.0 
mm or 26.5 mm. Pathologic myopia is highly myopic 
eyes with degenerative macular changes that present 
with different patterns and degrees of chorioretinal 
atrophy and specific findings including lacquer cracks, 
myopic CNV, and Fuchs' spot. Curtin et al. first reported 

the classification of myopic maculopathy in 1970 (10), 
and classifications have also been proposed by Avila et 
al. (11) and Hayashi et al. (12). However, international 
consensus on the classification of myopic maculopathy 
did not exist until a report published in 2015 described 
the classifications at an international consensus meeting 
(13). In this study, Ohno-Matsui et al. conducted a 
meta-analysis for pathologic myopia (META-PM) and 
proposed a new grading system for myopic maculopathy 
(Table 1, Figure 1) that was based on the long-term 
risk to develop myopic CNV and macular atrophy (14). 
Lacquer cracks, myopic CNV, and Fuchs' spot were 
defined as "plus" signs that are features that can lead to 
central vision loss.

Myopic choroidal neovascularization (CNV)

Myopic CNV is a serious complication in pathologic 
myopia that affects central vision (Figure 2). It recurs 
frequently and is usually bilateral. The long-term 
prognosis is poor, even if treated (15). The prevalence 
of myopic CNV is largely unknown, but a recent study 
based on the National Health and Nutrition Examination 
Survey and the American Academy of Ophthalmology's 
Intelligent Research in Sight (IRIS®) Registry has 
estimated the prevalence among people aged 18 years 
and older in the United States as 0.017% (95% CI, 0.010-
0.030) (16). The pathogenesis of myopic CNV is still 
largely unknown, but vascular endothelial growth factor 
(VEGF) levels in the aqueous humor are known to be 
elevated (15).
 The funduscopic findings in myopic CNV can be 
staged as active, scarring, and atrophic, as classified 
by Tokoro in 1998 (17). Active myopic CNV is active 
neovessel formation that often occurs with a subretinal 
hemorrhage. For monitoring disease activity and 
decisions on re-treatment, VA, fluorescein angiography, 
and optical coherence tomography (OCT) are the vital 
examinations. Myopic CNV can lead to a scar formation 
with a hyperpigmented Fuchs' spot. In the long run, 
the macula becomes atrophic, forming CRA. Due to 
degenerative CRA progression in the atrophic stage, 
the eyes with myopic CNV undergo gradual VA decline 
over time even if the neovascular activity is successfully 
suppressed by treatment (15).
 Regarding treatment for myopic CNV, intravitreal 
injections of anti-VEGF agents, including ranibizumab, 
aflibercept, or bevacizumab, have been the gold 
standard,  which has been established through 
randomized controlled trials (18-20). The established 
regimen of anti-VEGF therapy is an initial injection 
followed by an additional injection when necessary, 
which is called the 1+ pro re nata regimen (15). 
However, of note, the advantage gained through anti-
VEGF therapy is sustained for the initial several years, 
but it can gradually decline, and after 5-6 years, most 
of the VA gain might be lost (21). In the case that 
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2012 (23). In this study, a full-thickness MH developed 
in 5 of 30 eyes (16.7%) in which total ILM peeling was 
performed for MRS, whereas it developed in 0 of 15 
eyes in which fovea-sparing ILM peeling was performed. 
In addition, postoperative VA was superior in eyes with 
fovea-sparing ILM peeling. Similar results have been 
reported in two other studies (24,25), however, a recent 
study has argued that there was no difference in the 
postoperative VA between fovea-sparing and complete 
ILM peeling groups and that the rate of postoperative 
MH development was not significant (2/20 vs. 0/13; p = 
0.508) (26). The potential benefit of fovea-sparing ILM 
peeling compared to complete ILM peeling has not been 
established yet and this needs to be addressed in the 
future.
 The other modification in the surgical treatment 
for MRS is the use of scleral imbrication. Swan first 
reported this surgical technique for retinal detachment 
in 1959, and it has been applied to MH retinal 
detachment (27) and MRS (28). Baba et al. reported 
the application of scleral imbrication to MRS with 
PPV but without ILM peeling. They suggested that 
since postoperative full-thickness MH development is 
attributed to ILM peeling, scleral imbrication without 
ILM peeling can be an option other than fovea-sparing 
ILM peeling. The axial length reduction that scleral 
imbrication confers is not large (less than 1 mm after a 
year postoperatively), but the procedure could change 
the shape of the posterior globe and flatten the steep 
curvature of a staphyloma (28), which might help 
resolve MRS and prevent the development of a full-

anti-VEGF therapy cannot be performed, verteporfin 
photodynamic therapy is an alternative choice of 
treatment, although the therapeutic effect is inferior.

Myopic retinoschisis (MRS) and macular hole (MH)

In high myopic eyes, typically with a posterior 
staphyloma, MRS can develop and lead to severe loss 
of VA. Retinoschisis is easily visualized on OCT, and 
MRS is observed in the outer retina, but it sometimes 
occurs both in the inner and outer retina. Regarding the 
pathogenesis of MRS, in addition to the posterior traction 
by a staphyloma, anterior traction by the epiretinal 
membrane (ERM) or adhesive vitreous cortex is 
considered to play an important role in the development 
of MRS (22). MRS is further associated with the 
development of a full-thickness MH with/without 
macular retinal detachment. These pathologies need to be 
treated surgically, and should not be performed late since 
long-standing MRS, even if successfully treated, does 
not result in sufficient postoperative visual recovery.
 Standard surgical procedures used to treat MRS 
are pars plana vitrectomy with ERM removal plus 
inner limiting membrane (ILM) peeling. However, 
the postoperative course could be complicated by the 
development of a full-thickness MH, for which several 
reports have recently suggested modifications of the 
surgical procedures. Described below is fovea-sparing 
ILM peeling and scleral imbrication.
 The main purpose of fovea-sparing ILM peeling 
is to prevent the development of a postoperative full-
thickness MH with or without retinal detachment, this 
surgical technique was first reported by Shimada et al. in 
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Figure 1. Fundus photographs of a patient with pathologic 
myopia. Both eyes are at the stage of macular atrophy 
(Category 4) associated with tessellated fundus, diffuse and 
patchy CRAs. Figure 2. myopic CNV. (A) Color fundus photograph; 

(B) fluorescein (left) and indocyanine green (right) 
angiography; and (C) optical coherence tomography.

Table 1. Classification of myopic maculopathy based on international consensus meeting (13).

Category

1: Tessellated fundus
2: Diffuse CRA
3: Patchy CRA
4: Macular atrophy
"Plus" lesions
    Lacquer cracks
    CNV
    Fuchs' spot

Description

Well-defined choroidal vessels around the fovea and the arcade vessels.
Yellowish white appearance of posterior pole.
Well-defined, grayish white lesions in the macular area or around the optic disc.
Well-defined, grayish white or whitish, round chorioretinal atrophic lesion in the foveal region.

Breaks of the retinal pigment epithelium, Bruch's membrane, and choriocapillaris complex.
Exudation, hemorrhage, or serous retinal detachment at the posterior pole.
Pigmented grayish white scar of myopic CNV without associated exudation.

The categories are in the order for long-term risk to develop myopic CNV and macular atrophy. "Plus" lesions are the additional features of 
myopic maculopathy that leads to visual loss regardless of the categorical stages.
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thickness MH (Figure 3).
 A drawback of scleral imbrication is that a significant 
postoperative astigmatism (about 4.0 D worse at 1 
month postoperatively and 2.0-3.0 D worse after 12 
months compared to astigmatism before surgery) may 
develop (27,28). Instead of scleral imbrication, our team 
uses scleral shortening through scleral invagination 
with lamellar scleral resection (29) (Figure 4), which 
usually causes less postoperative astigmatism.

Suppression of myopia progression

While medical and surgical therapies for pathologic 
myopia are important, the ultimate goal is suppression 
of myopia progression, which could lead to a significant 
reduction of eyes with pathologic myopia. Studies 
have revealed modifiable factors for the progression of 
myopia (30). For example, time spent outdoors, which 
is related to less dopamine release, is considered to 
suppress myopia progression. Indeed, low-dose anti-
muscarinic atropine eyedrops have been shown effective 
to suppress myopia (31). The other factor for myopia 
progression is peripheral hyperopic defocus. Not only 
recent studies have shown that orthokeratology (32) can 
reduce peripheral hyperopic defocusing and suppress 
myopia progression, but also a special contact lens that 
confers peripheral myopic defocusing has just been 
approved by Food and Drug Administration to be used 
for the suppression of myopia progression in children 
(33). However, long-term effectiveness and safety issues 
still remain (30).

Conclusions

In recent decades, remarkable advances have been 
made in understanding both the pathological basis 
and therapeutic strategies for pathologic myopia. Not 

only are studies being performed to improve currently 
available therapies, but also novel therapies to suppress 
the progression of pathologic myopia are being 
considered for future studies.
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Figure 3. Flattened curvature of posterior fundus after 
lamellar scleral resection and infolding of the remaining 
sclera in patients with myopic retinoschisis and macular 
hole retinal detachment. Pre- and post-operative OCT in 
case 1 and 2 are shown. Posterior segment distance defined 
as the distance of retinal pigment epithelial line (red) using 
photo analyzer (AreaQ, Japan). Shorter posterior segment 
distance suggests flattened curvature of the posterior fundus 
after surgery.

Figure 4. Intraoperative views of scleral shortening through 
scleral invagination with lamellar scleral resection to treat 
myopic retinoschisis. Dotted line in (A) indicates the area of 
lamellar scleral resection; (B) and (C) shows the infolding of 
the remaining sclera; dotted line in (D) indicates the infolded 
retina from inside of the eye under wide viewing system.
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