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Insight into high myopia and the macula
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The incidence of myopia is constantly on the rise. Patients of high myopia and pathological myopia are 
young and can lose vision due to a number of degenerative changes occurring at the macula. With the 
emergence of new technologies such as swept‑source optical coherence tomography (OCT) and OCT 
angiography, our understanding of macular pathology in myopia has improved significantly. New 
conditions such as myopic traction maculopathy have been defined. Early, noninvasive detection of myopic 
choroidal neovascularization and its differentiation from lacquer cracks is possible with a greater degree 
of certainty. We discuss the impact of these new exciting and promising technologies and management 
of macular pathology in myopia. Incorporation of OCT in the microscope has also improved macular 
surgery. New concepts such as fovea‑sparing internal limiting membrane peeling have emerged. A review 
of literature and our experience in managing all these conditions are discussed.
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High myopia (HM) is an important cause of visual loss, especially 
in the younger population. It has been defined as a refractive 
error with spherical equivalent exceeding −6 diopters (D) 
and/or the axial length longer than 26.5 mm.[1,2] Pathological 
myopia (PM) or degenerative myopia refers to high axial 
myopia with characteristic pathological changes at the posterior 
pole.[3‑5] Typical pathological features include diffuse or patchy 
chorioretinal atrophy, posterior staphyloma, lacquer cracks, 
Fuchs spots, choroidal neovascular membrane (CNV), and 
sometimes even foveoschisis.[6,7] These pathologic changes often 
lead to progressive loss of vision.[8] Literature search for this 
document has been performed using appropriate keywords 
in PubMed.

Epidemiology
PM is more prevalent in the Asian population than among  other 
racial groups. The prevalence varies from 1% to 4% in the 
general population.[5,9,10] It is estimated to be 3.1% in China,[9] 
1.74% in Japan,[11] and 1.2% in Australia.[10] PM is the leading 
cause of blindness in Japan and is the second most common 
cause in Denmark[12] and China.[13] In the West also, PM is 
among the leading causes of legal blindness.[14] There are no 
large scale studies in India assessing the prevalence of HM. 
In a recent study from our center on school‑going children in 
North India, the prevalence of HM was found to be 1.5%.[15] 
Population‑based studies show a higher prevalence of PM in 
women than in men. The Blue Mountains Eye study[10] and 
Hisayama study[11] reported a prevalence of 0.4% and 2.2% 
in women, respectively, while in men, it was 0.06% and 1.2%, 
respectively.

Genetics and Environmental Effects
HM seems to be caused by a complex combination of 
environmental and genetic factors.[16,17] There is enough 
evidence to suggest that the genetic loci leading to HM are 
heterogeneous[18,19] and these may contribute to varying degrees 
of myopia.[20,21] The inheritance of HM can vary from being 
autosomal dominant, autosomal recessive, X‑linked recessive 
to a monogenic pattern.[21] It may also be associated with 
certain genetic syndromes: Stickler syndromes Type 1 and 2, 
Type 4 Ehlers–Danlos syndrome, Knobloch syndrome, Marfan 
syndrome, Noonan and Down’s syndrome.

Refractive status of the parents plays an important role 
in the development of HM.[22,23] Twin studies report high 
heritability values of up to 90%.[24] Currently, the most studied 
environmental parameter thought to be protective against 
development of myopia is time spent by children outdoors.[25‑27]

Pathophysiology
Pathological changes in high myopes start in childhood and 
become prominent in adulthood.[28] To begin with, there 
occurs excessive axial elongation.[29] Axial elongation results 
in chorioretinal stretching and subsequent thinning.

The mechanism behind pathological axial elongation 
includes an emmetropization process and involves a structural 
alteration of the collagen proteins.[30,31] Abnormal collagen 
proteins may lead to degenerative changes in the retina, 
choroid, and sclera.[31] Studies have hypothesized the role of 
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choroid in ocular elongation in response to retinal defocus.[32‑34] 
As a consequence of defocus, choroid thickening or thinning 
occurs, moving the retina toward the plane of focus.[33] There 
may exist a chain of molecular signals arising from the retina 
which modulate the changes in thickness of the choroid and the 
scleral growth.[34] The amacrine cells of the retina are thought 
to play a critical role in this chain of molecular signaling, 
initiated due to a retinal defocus, which leads to alteration of 
refractive error.[34]

Myopia‑related complications such as posterior staphyloma 
and chorioretinal atrophy increase proportionally with increase 
in axial length.[4] Thinned out chorioretinal tissue is associated 
with poor blood circulation and may lead to CNV development 
by inducing vascular endothelial growth factor (VEGF) 
expression.[28,35] Furthermore, scleral thinning may cause 
deformation of the posterior pole leading to staphyloma 
formation with a shorter radius of curvature.

Visual acuity (VA) in HM may be subnormal even before 
advanced myopic maculopathy sets in. One of the reasons 
behind this may be the alteration in the arrangement of 
photoreceptors. The arrangement of the photoreceptors 
in high myopes is affected due to excessive stretch in the 
posterior pole.[36] This may lead to subnormal visual function 
(Stiles–Crawford effect). In high myopes, the cones in nasal 
hemiretina are aligned toward the optic nerve, whereas they 
are aligned toward the center of the exit pupil in temporal 
hemiretina. This discrepancy in receptor alignment is directly 
associated with the axial length.[36]

Features of Pathological Myopia
The early features of excess axial elongation include myopic 
conus, super traction, and tessellation of fundus.

Myopic conus/crescent
Peripapillary scleral expansion leads to a sharply defined 
concentric area of depigmentation adjacent to the optic disc 
where the inner surface of sclera is visible [Fig. 1a]. It occurs 

Figure 1: (a) A large myopic conus is seen temporal to the disc 
(black arrow). A large posterior staphyloma is also evident. The nasal 
edge of the staphyloma appears as a dark crescent (white arrow). (b) 
An Optos autofluorescence image of the fundus showing a difference 
in the autofluorescence signal between the area of the staphyloma and 
the rest of the peripheral fundus. The white arrow marks the boundary 
of the staphyloma

due to a disparity between the area of the sclera and the retinal 
pigment epithelium (RPE)‑choriocapillaris complex and a 
premature termination of this complex ahead of the optic 
disc edge. It can either be a scleral crescent alone or choroidal 
crescent or both.[37] Based on the extent, it can be a temporal 
conus, nasal conus, inferior conus, or annular conus. Temporal 
conus is reported to be the most frequent type.[4]

Super traction
It occurs due to dragging of retinochoroidal tissue over the 
nasal edge of optic disc with expansion of posterior pole.

Tessellation
Generalized depigmentation due to RPE atrophy leads to a 
tigroid appearance of the fundus [Fig. 2].

Posterior Staphyloma (Scarpa’s Staphyloma)
It is an outward protrusion of all coats of the posterior pole 
and is considered pathognomonic of PM. Spaide defined 
a posterior staphyloma as “outpouching of the wall of the 
eye that has a radius of curvature less than the surrounding 
radii of curvature.”[38] The best way to diagnose a posterior 
staphyloma is by an indirect ophthalmoscope, which gives 
a stereoscopic view of the fundus. It is seen as a secondary 
depression with bending of vessels at the margin and a dark 
crescentic nasal reflex [Fig. 1a]. There are ten different types 
of staphyloma according to Curtin.[39] Its incidence increases 
with age, occurring mostly after the fifth decade.[40] Posterior 
staphyloma formation is further linked to development of 
myopic maculopathy.[3] The eyes with shallow staphylomas 
show a larger drop in VA and a greater occurrence of CNV 
and macular hemorrhage.[41] The normal choroidal flush 
is absent in a high percentage of posterior staphylomas, 
suggesting the possibility of ischemia which may further 
lead to development of a CNV in these eyes.[42] A newer 
classification of staphylomas based on three‑dimensional 
magnetic resonance imaging and ultrawide field imaging has 
also been proposed.[43] The presence of pigment abnormalities, 
abnormal autofluorescence [Fig. 1b], and abnormal reflectance 
in infrared imaging, performed using wide field imaging 

Figure 2: Due to the generalized depigmentation, the entire fundus 
appears tessellated (tigroid appearance). The areas of generalized 
atrophy do not have well‑defined margins (white asterix). Additional 
focal areas of atrophy with well‑defined margins are also evident 
(black arrows)
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systems such as OptosTM, have been proposed as markers to 
identify the edge of the staphyloma.[43]

Macular Changes
Clinically, there appears to be a pattern in the progression of 
myopic maculopathy. It ranges from an early appearance of 
a tessellated fundus to progressive development of diffuse 
atrophy and lacquer cracks, followed by progression to patchy 
atrophy. CNV generally develops adjacent to the area of patchy 
atrophy or lacquer cracks.

Recently, PM has been classified by the “META‑analysis 
for Pathologic Myopia” study based on the presence of 
characteristic features of myopic maculopathy.[7] PM is 
diagnosed only when fundus findings are consistent with 
Category 2 and above [Table 1].

Macular Chorioretinal Atrophy
Chorioretinal atrophy occurs due to progressive thinning 
of the choroid, disappearance of choroidal vessels, and loss 
of RPE and photoreceptors.[28] The cause behind atrophy 
is probably choroidal vascular occlusion and abiotrophic 
degeneration. Chorioretinal atrophy is of two types ‑ diffuse 
atrophy and patchy atrophy.[7] Diffuse atrophy appears 
as yellowish‑white areas of atrophy with ill‑defined 
borders [Fig. 2] while patchy atrophy is grayish‑white, 
well‑defined area of atrophy, and produces an absolute 
scotoma on visual fields [Fig. 2]. Patchy atrophy predisposes 
to CNV development.[44]

Choroidal thinning is an important feature of HM. 
Enhanced‑depth imaging optical coherence tomography (OCT) 
shows a very thin choroid in highly myopic eyes, which 
progressively gets thinner with increasing age and degree of 
myopia.[45]

Lacquer Cracks
Lacquer cracks are breaks in the Bruch’s membrane at the 
macula in highly myopic eyes [Fig. 3a], usually associated 
with a posterior staphyloma. These appear as multiple 
yellowish‑white irregular lines, usually horizontally oriented, 
and coursing the posterior pole. Lacquer cracks can be linear 
or stellate, and sometimes show branching, crisscrossing, or 
both. These occur more commonly in males and decrease with 
aging. On fluorescein angiography, they lead to a window 
defect and thus appear as hyperfluorescent tracks without 
any leakage [Fig. 3b].[46] On fundus autofluorescent imaging, 
these appear hypoautofluorescent. Similarly, they appear 

Table 1: Pathological myopia as classified by 
“META‑analysis for Pathologic Myopia” study

No macular lesions in Category 0

Tessellated fundus in Category 1

Diffuse chorioretinal atrophy in Category 2

Patchy chorioretinal atrophy in Category 3

Macular atrophy in Category 4

Cases with fundus findings consistent with Category 2 and above 
are only diagnosed as having pathological myopia
Three additional features called “plus signs” included lacquer 
cracks, myopic choroidal neovascularization, and Fuchs’ spot

hypofluorescent on indocyanine green angiography.[47] The 
same can also be identified as tracks of lack of a decorrelation 
signal at the level of choriocapillaris due to disruption of flow 
on OCT angiography (OCTA) [Fig. 3c].

Fresh lacquer formation may be associated with subretinal 
bleeding in the absence of a choroidal neovascularization.[48] 
Lacquer cracks are also frequently associated with formation 
of a choroidal neovascularization at the margins or in adjacent 
areas.[44]

Förster‑Fuchs’ Spot
Förster‑Fuchs’ spot is a raised, pigmented, round, or 
elliptical lesion that is predominantly dark but can have 
a gray, yellow, red, or green hue. It is named after Ernst 
Fuchs, who described a pigmented lesion in 1901, and Carl 
Förster, who described neovascularization of the retina 
in 1862. Forster‑Fuchs’ spots arise due to proliferation of 
RPE associated with choroidal hemorrhage.[49] These are 
primarily small scars formed following degeneration and 
neovascularization related to HM.

Myopic Choroidal Neovascular Membrane
Macular CNV is a one of the most common complications 
that results in reduced central vision in patients with PM.[50,51] 
Myopic CNV develops in 10% of high myopes and 30% myopes 
eventually develop CNV in the other eye as well.[44] It appears 
as a grayish subretinal membrane with hyperpigmented 
borders [Fig. 4a]. As the retina is thin, bleeding does not usually 
obscure these lesions and they are easily visible on clinical 
examination. Fluorescein angiography [Fig. 4c], indocyanine 
green angiography [Fig. 4d], OCT, and OCTA [Fig. 4b] 
are helpful in confirming the diagnosis. OCT shows a 
hyper‑reflective‑elevated lesion in the subretinal space, usually 
without much exudative changes such as fluid under the 
neurosensory retina or intraretinal edema. These are generally 
Type 2 CNVs. Myopic CNV are predominantly classic type on 
fluorescein angiography. They appear as well‑defined areas of 

Figure 3: (a) Fundus image showing a well‑defined curved 
hypopigmented line at the fovea suggestive of a lacquer crack. 
(b) Fundus fluorescein angiogram highlighting the lacquer crack as a 
hyperfluorescent line (white arrow). (c) Optical coherence tomography 
angiography image showing the lacquer crack as a black curved line 
due to lack of flow detected as an area of lack of decorrelation signal
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hyperfluorescence in the early phase with progressive leakage 
of dye in the late phases of the angiogram.[52,53]

OCTA has a definite role in diagnosis of myopic CNV. 
As subretinal hemorrhage can be caused by both CNV and 
new lacquer crack formation in eyes with PM, OCTA can 
help identify CNV noninvasively. Typical lacy wheel pattern, 
numerous tiny capillaries, widely anastomosed network, and 
perilesional hypointense halo are features of active CNV on 
OCTA. Quiescent CNV are characterized by long filamentous 
linear large mature looking vessels, rare anastomosis and a 
dead tree appearance. OCTA has been found to successfully 
detect up to 94.1% of myopic CNVs [Fig. 5a‑e].[54]

Focal chorioretinal atrophy, steeper posterior staphyloma, 
and lacquer cracks are thought to be the risk factors for 
development of myopic CNV.[3,51] Myopic CNV progresses 
through three main stages. In the initial phase, there is direct 
damage to the photoreceptors, causing central visual loss. 
Then, as the CNV regresses, a fibrous pigmented scar forms, 
referred to as Forster–Fuch’s spot. Finally, chorioretinal atrophy 
develops around the regressed CNV, which results in a poor 
long‑term visual outcome.[55]

Photodynamic therapy (PDT), anti‑VEGF therapy, and 
a combination of these have been tried for treatment of 
myopic CNVm’s. The ranibizumab and PDT (verteporfin) 
evaluation in myopic choroidal neovascularization study,[56] a 
randomized controlled trial comparing ranibizumab against 
verteporfin PDT for the treatment of myopic CNV, reported 
superior VA gains with ranibizumab as compared to PDT. 
The suspicion of CNV formation should be high in cases of 
myopia with a history of recent onset of metamorphopsia. 
The CNV may be detected as an area of leakage on fundus 
fluorescein angiography or visualized on OCTA. The number 
and frequency of intravitreal injections required for myopic 
CNVm’s are generally less than those for CNVm’s related to 
age‑related macular degeneration. However, these patients do 

need to be kept under regular monthly follow‑up and need to 
be retreated in case of activity.

Myopic Macular Retinoschisis
Myopic macular retinoschisis or myopic foveoschisis describes 
a schisis‑like thickening of neurosensory retina into a thicker 
inner layer and a thinner outer layer at the macula in highly 
myopic eyes with a posterior staphyloma [Fig. 6].[57] Although 
myopic macular retinoschisis has been alternatively described 
as myopic traction maculopathy (MTM), MTM in addition 
includes other conditions such as vitreomacular traction, 
retinal thickening, lamellar or full‑thickness macular hole 
formation, and foveal detachment.[58] MTM always occurs 
within a posterior staphyloma. Myopic macular retinoschisis 
is reported to occur in 9% of highly myopic eyes with posterior 
staphyloma.[59]

The pathogenesis behind MTM is probably splitting of retina 
over time due to relative tautness and noncompliance of the 
inner retina compared with outer retina within the posterior 
staphyloma. The split occurs at the level of the external limiting 
membrane.[60] The tractional mechanisms responsible for inner 
retinal noncompliance are diverse and include vitreomacular 
traction from incomplete posterior vitreous detachment (PVD), 
remnant preretinal cortical vitreous layer after PVD, epiretinal 
membranes, taut internal limiting membrane (ILM), and 
shortened and stiff retinal arterioles (vascular microfolds).[58,61‑67]

Visual complaints are minimal and progress gradually. 
Patients may complain of blurring of vision or distortion of 
vision (metamorphopsia).[57] Vision loss occurs with outer 
lamellar hole formation or foveal detachment. Early stages 

Figure 4: (a) Fundus image of a myopic patient showing a grayish 
lesion at the fovea with pigmented margins, suggestive of a 
choroidal neovascular membrane. (b) Optical coherence tomography 
angiography image of the same patient showing the branching network 
of vessels of the choroidal neovascular membrane with a surrounding 
dark halo. (c) Fluorescein angiography showing the hyperfluorescent 
choroidal neovascular membrane. (d) Indocyanine green angiography 
also showing the hyperfluorescent choroidal neovascular membrane
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Figure 5: (a) Fundus image of a myopic patient showing a grayish 
membrane at the fovea clinically suggestive of a choroidal neovascular 
membrane. (b) The gray membrane appears hyperfluorescent of 
fundus fluorescein angiography. However, the hyperfluorescence is 
not as marked as is seen in classic choroidal neovascular membranes. 
(c) Indocyanine green angiography fails to detect the choroidal 
neovascular membrane. (d) Optical coherence tomography shows 
a spindle‑shaped hyper‑reflective area above the retinal pigment 
epithelium suggestive of a choroidal neovascular membrane. There is 
absence of associated subretinal or intraretinal fluid. (e) An abnormal 
branching network of vessels (white arrow) is visible on the optical 
coherence tomography angiography image segmented at the deep 
retinal level. This is suggestive of a Type 2 choroidal neovascular 
membrane
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may be easily underestimated by biomicroscopic examination. 
The diagnosis is confirmed on OCT, which shows the typical 
splitting of neurosensory retina, bridging columns, and 
intraretinal cysts [Fig. 6].[57,62] Other OCT findings include 
epiretinal membrane, retinal microfolds, ILM detachments, 
and macular hole.[60]

OCT‑based progression of myopic foveal retinoschisis to 
retinal detachment has been described in detail by Shimada 
et al.[68] Stage 1 shows focal irregularity of the thickness of 
external retinal layer. In Stage 2, an outer lamellar hole develops 
within the thickened area with a small retinal detachment. 
Vertical enlargement of the outer lamellar hole occurs in 
Stage 3. Finally, in Stage 4, elevation of the upper edge of the 
external retinal layer occurs accompanied by an increase in 
the height of the retinal detachment and resolution of schisis. 
Similar progression has been suggested by Fang et al.[62] Macular 
buckling with or without vitrectomy has been recommended 
by few authors for MTM.[69]

Retinal detachment from a paravascular microhole 
associated with posterior major vessels can also develop in 
highly myopic eyes. The vitreoretinal adhesion is quite strong 
at the paravascular region and vitreous traction at this site leads 
to formation of retinal cysts and breaks.[70]

Myopic Macular Hole
Macular hole formation tends to occur at a younger age as 
compared to idiopathic age‑related macular holes. The degree 
of myopia and axial length has been shown to have an inverse 
correlation to the age of onset of the macular hole.[71] Macular 
hole formation in myopic eyes may be related to the early 
onset of vitreous degeneration with development of tangential 
traction at the level of the premacular cortex.[71] Macular holes 
may also form as an end stage of MTM. These eyes may further 
progress to a retinal detachment which may be limited to 
the posterior pole or could even be a total rhegmatogenous 
retinal detachment. Additional factors which lead to a retinal 
detachment in myopic eyes with a macular hole include the 
presence of a posterior staphyloma causing centrifugal traction, 

chorioretinal atrophy leading to a weak adhesion between the 
neurosensory retina and RPE, anteroposterior tractional forces 
leading to lifting of the hole edge, and inelasticity of stretched 
retinal vessels.[72]

Dome‑Shaped Macula
Convex elevation of macula within the concavity of a posterior 
staphyloma has been described as a dome‑shaped macula on 
OCT and ultrasonography in pathologically myopic eyes. 
Probable pathological causes include tangential vitreomacular 
traction, localized choroidal or scleral thickening, hypotony, 
and retinal resistance to scleral deformation.[73] It may be the 
cause of unexplained visual loss in such eyes.

Prevention of Myopia Progression
Under‑correction increases myopia progression and optimal 
correction is necessary.[74] Progressive or bifocal lenses 
may slow the progression of myopia by limiting ocular 
accommodation.[75] Increased time spent outdoors are also a 
protective factor. The best results so far have been observed 
with atropine eye drops with a dose‑effect relationship.[76,77] 
Scleral reinforcement surgeries have also been described as a 
measure to slow down progression but are usually reserved 
for severe progressive myopia.[78] Yet, till date, we do not have 
any definitive measure to retard the progression of PM.

Conclusion
High and PM can affect the macula in various ways and can 
lead to a dramatic fall in VA. Ophthalmologists need to know 
these varied macular changes associated with HM. OCT and 
now OCTA aid in an early diagnosis and are important imaging 
tools required for a serial follow‑up of such eyes. An educated 
patient who can recognize the symptoms of macular disease 
early and a vigilant ophthalmologist would help in reducing 
ocular morbidity due to the macular complications of HM.
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