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Myopic Optic Neuropathy

Richard F. Spaide and Kyoko Ohno-Matsui

Nearly every feature of the eye is influenced by the develop-
ment of high myopia. For some structures, such as the sclera, 
there are well-established abnormalities that have been eval-
uated in humans, and our knowledge has been amplified by 
experiments using multiple animal models. For others, the 
changes associated with high myopia are less clear. The ana-
tomic changes in the optic nerve head and surrounding struc-
tures are readily evident by imaging, but the functional 
changes induced, and the possible pathophysiologic mecha-
nisms are not clearly understood or defined. Ocular imaging 
is improving rapidly and has provided clues suggesting there 
may be classes of abnormalities in optic nerve structure and 
function in high myopia. This chapter explores possible 
abnormalities of the optic nerve associated with high myo-
pia. Considerations about the possible pathophysiology 
involved hinges on detailed knowledge of the anatomic and 
physiology of the optic nerve and associated structures and 
incorporates analysis of changes induced by high myopia.

25.1  Embryology of the Optic Nerve

The optic vesicle evaginates from the prosencephalon but 
remains connected by a short optic stalk. Invagination of the 
optic vesicle forms the optic cup, and the fetal fissure closes 
not only the optic cup but also the optic stalk. The hyaloid 
artery and vein enters the stalk medially and continues into 
the eye to come into contact with the primary vitreous. The 
hyaloid artery exits the hyaloid canal on the inner aspect of 
the disc. Between the sixth and seventh weeks, the fissure in 

the optic stalk, called the choroidal fissure, begins to close to 
form a tube. Failure of closure would lead to an optic nerve 
coloboma. The retinal nerve fibers converge on the optic disc 
through a complicated interaction between attractive and 
repulsive forces acting on their growth [1]. By the seventh 
week, axons line the inner wall of the lumen of the optic 
stalk, and by the eighth week, the stalk is filled with axons 
that extend back to a primitive chiasm. The cells on the inner 
side of the stalk are destined to form glial cells between the 
nerve fibers while the external cells form the glial mantle 
around the nerve. The scleral development is covered in 
more detail in Chaps. 5 and 8, but the collagen fibers in the 
sclera develop in a sequence from the front of the eye to back 
to eventually reach the already formed nerve. There is pene-
tration of the nerve by collagen fibers starting in the fourth 
month. The lamina cribrosa then develops and is not fully 
formed until after birth [2]. The meningeal coverings of the 
optic nerve start to become evident as layers in the 12th 
week. Myelination of the nerve begins somewhat before the 
sixth month of gestation.

25.2  Anatomy of the Optic Nerve

In normal eyes, there are approximately 1.2 million non- 
myelinated nerve fibers converging on the optic canal to 
leave the eye through the lamina cribrosa. The aggregate of 
these nerve fibers and the associated glial cells make up the 
bulk of the optic nerve. These fibers make a nearly 90 degree 
turn to enter the optic nerve in emmetropes. The internal 
opening of the optic nerve is defined by the opening in 
Bruch’s membrane and more posteriorly by the opening in 
the sclera called the optic canal. The portion of the optic 
nerve internal to the lamina cribrosa is the prelaminar por-
tion of the nerve. Its internal surface is bounded by a layer of 
collagen and astrocytes called the inner limiting membrane 
of Elschnig, which is a distinct entity from the internal limit-
ing membrane of the retina. The prelaminar portion of the 
nerve is composed of nerve fiber bundles separated by an 
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almost equal volume of glial cells. At the outer border of the 
nerve, separating it from the surrounding retina is the inter-
mediary tissue of Kuhnt, and separating it from the choroid 
is the border tissue of Jacoby. The laminar portion of the 
nerve is that section passing through the lamina cribrosa. The 
connective tissue and glial elements of the lamina cribrosa 
are more prominent in the nasal and temporal quadrants as 
compared with the inferior and superior ones [3]. The pores 
within the lamina cribrosa are larger in the inferior and supe-
rior quadrants [4]. There is a bow tie-shaped ridge in the 
lamina cribrosa that extends from the nasal to the temporal 
side of the optic canal near the horizontal meridian [5]. There 
appears to be more robust connective tissue support in the 
lamina in the horizontal meridians than along the inferosupe-
rior axis. This raises interesting questions, since a greater 
expanse of the globe is exposed to trauma in the horizontal 
meridians than in the vertical ones. Posterior to the lamina, 
the optic nerve expands in diameter and becomes myelin-
ated. Within the intraorbital optic nerve, there are also glial 
cells and blood vessels and connective tissue septae. The 
optic nerve is covered by pia mater. The subarachnoid space 
ends in a blind pouch at the scleral border of the eye. The 
dura mater is continuous with the outer 1/3 of the sclera.

The blood supply of the nerve varies by location and has 
been the source of disagreement. The nerve fiber layer 
derives its supply from the central retinal artery. Branches 
coursing in a centripetal direction may help supply the pre-
laminar portion of the nerve. The short posterior ciliary ves-
sels supply a perineural arterial ring, often incomplete, called 
the circle of Zinn-Haller (first described by Zinn [6] in 1755) 
that is located in the sclera [6–11]. Branches from the circle 
of Zinn-Haller supply the prelaminar and laminar nerve and 
anastomose with the adjacent choroidal circulation. Past the-
ories concerning blood flow have proposed direct communi-
cation between the choroid and the prelaminar optic nerve 
[7]. There is controversy about the circle of Zinn-Haller. 
Blood supply to the nerve (and the posterior choroid) is 
derived from many short posterior ciliary arteries that con-
verge upon and anastomose around the nerve. This raises the 
question of whether the so-called circle of Zinn-Haller is a 
just the manifestation of a group of anastomoses or if it is a 
separate and distinct structure in its own right [12]. In this 
chapter the circle of Zinn-Haller will be considered a distinct 
anatomic structure. The blood drains from the nerve into 
branches of the central retinal vein.

25.3  Morphometric Characteristics 
of the Optic Disc in Normal Eyes

Ordinarily the optic nerve is a slightly ovoid structure that had 
a mean vertical measurement of 1.92 mm by 1.76 mm hori-
zontally in a study of 319 subjects using magnification- 
corrected morphometry of optic disc photographs [13]. In a 

study of 60 eye bank eyes, the measurements were 1.88 mm 
vertically by 1.76 horizontally [14]. These measurements 
should be viewed as being approximate because the size of 
the optic disc among studies has shown variation by study, 
race, and measurement method. The mean disc area in 
Caucasians ranged from 1.73 mm2 to 2.63 mm2, in African 
Americans 2.46 mm2 to 2.67 mm2, and a similarly large range 
of sizes among various Asian populations (extensively 
reviewed in reference [15]). Studies seem to indicate African 
Americans have larger optic disc areas than other races. The 
cup is a central depression in the optic nerve. A common met-
ric used to gauge the morphology of the optic disc is the cup-
to-disc ratio, or cup/disc, the proportion calculated by dividing 
the diameter of the depression by the diameter of the disc. 
Although in common usage there are several difficulties with 
this metric, the diameter of the disc varies by what feature is 
measured, that is, the color change, elevation change, or the 
actual canal diameter. The margin of the optic disc as seen by 
color photography or ophthalmoscopy does not appear to 
have a consistent anatomic correlate in OCT imaging [15]. 
The diameter of the depression is a function of what defini-
tion is used for “depression” and what the specified height or 
curve change used is open to contention. The cup/disc varies 
with age and race. Finally, the cup-to-disc ratio along the ver-
tical axis usually is not the same as the horizontal axis. Using 
magnification adjusted planimetry, Jonas and coworkers 
found the mean horizontal cup/disc was 0.39, while the mean 
vertical ratio was 0.39 [13]. The Rotterdam study of subjects 
55  years of age or older using stereoscopic simultaneous 
optic disc transparencies found a vertical cup/disc of 0.49 and 
a horizontal cup/disc of 0.40 [16].

Evaluation of the nerve generally starts with appraising 
the scleral ring to delineate the optic disc size. As they exit 
the eye, the retinal nerve fibers arch over and create the optic 
nerve rim. The substance of the prelaminar nerve comprises 
nerve fibers and glial cells. Although Anderson stated nerve 
has a large proportion of glial cells [17], the variability of the 
mix from one person to the next is not known. Monkeys with 
larger nerve heads were found to have a greater number of 
retinal nerve fibers [18]. Large optic disc sizes also generally 
have greater neural rim area, and the number of nerve fibers 
is increased in larger nerves in humans as well [19]. It is 
likely that large nerves are not necessarily scaled up versions 
of smaller ones. Even though the rim area may be larger in 
bigger optic discs, the cup generally increases in size as well. 
A normal optic nerve shows varying rim thickness in most 
eyes known as the ISNT rule in which the order of nerve 
fiber thickness is from greatest to least inferior, superior, 
nasal, and temporal. Loss of the rim to include notching is 
suspicious for associated nerve fiber loss. The optic nerve is 
a vascular structure and ordinarily has a pinkish-orange 
color. In a sense, the nerve fibers act like light pipes, and a 
healthy nerve shows a reflection that has a depth. Loss of 
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neurons, such as in optic neuropathies, causes the nerve to 
become pallorous; the reflection is whiter with less depth.

25.4  Optic Nerve Hypoplasia

Optic nerve hypoplasia is the most common congenital 
abnormality of the optic nerve [20]. The optic nerve appears 
small, often misshapen, and can be surrounded by a ring of 
altered pigmentation that is called the double ring sign. The 
vessels on the nerve often show anomalies as well to include 
abnormal branching patterns, altered vascular density on the 
nerve head, and venous dilation. The retinal nerve fiber 
layer can show a generalized decrease, sector defects, or a 
combination of the two. Often there are sufficient nerve 
fibers in the maculopapillary bundle to support nearly nor-
mal visual acuity.

25.5  Glaucoma

Glaucoma, the most commonly acquired abnormality of the 
nerve, shows loss of the retinal nerve fiber layer to a greater 
extent than age alone would dictate and associated changes 
in the optic nerve head including changes in the collagen, 
elastic fibers, and extracellular matrix [21–29]. There is 
increased cupping of the nerve, tensile expansion, and distor-
tion of load-bearing structures in the eye such as the peripap-
illary sclera, the scleral canal, and the lamina cribrosa 
[30–33]. Expansion of the scleral canal, compaction, and 
posterior displacement of the lamina cribrosa occur in glau-
coma. The changes in the lamina cribrosa appear to be the 
result of more than simple stress-induced strain effects, as 
biologic remodeling of the lamina occurs [34]. These altera-
tions appear to reverse somewhat following glaucoma sur-
gery [35, 36]. There are lines of evidence that converge on 
the concept that retinal nerve fiber damage at the level of the 
lamina cribrosa is an important pathophysiologic mechanism 
in glaucoma. Since this is the site of biomechanical changes 
induced by glaucoma, a logical, biologically plausible 
assumption is that the mechanically induced effects ulti-
mately lead to nerve fiber damage.

25.6  Optic Neuropathies Associated 
with High Myopia

25.6.1  Overview

The most common ocular finding associated with unilateral 
high myopia is optic nerve hypoplasia [37]. Conversely high 
myopia occurs frequently in eyes with optic nerve hypopla-
sia [38]. This is difficult to explain on the basis of current 
theories of the development of high myopia, which posits a 

local effect in the eye as the major cause of myopization. It is 
possible that yet unnamed syndromes exist to link optic 
nerve hypoplasia or even smaller-sized optic nerve heads 
with high myopia, as it does appear to be an association that 
may be more common than the joint probabilities would 
indicate [39]. Tilting of the optic nerve is more common in 
high myopia than among emmetropes [40–43]. Tilting of the 
nerve is associated with smaller optic discs and also visual 
field defects [40, 41] (Figs. 25.1 and 25.2). In general though, 
the size of the optic nerve head increases with the amount of 
myopic refractive error (after correction for image magnifi-
cation differences) [16, 44] (Fig.  25.3). Expansion of the 
scleral canal and the lamina cribrosa occurs with enlarge-
ment of the optic nerve head. By Laplace’s law, the scleral 
wall stress would be higher per unit cross-sectional area 
because of the increased radius of the myopic eye and the 
thinning of the sclera observed in high myopia. Some myopes 
develop extremely enlarged optic discs with stretching and 
flattening of the cup (Figs. 25.4 and 25.5). The course of the 
optic nerve often is skewed as it courses through the sclera in 
high myopes. Expansion of the posterior portion of the eye in 
myopia can be associated with acquired pits of the optic 
nerve, dehiscences of the lamina cribrosa, expansion of the 
dural attachment posteriorly with enlargement of the sub-
arachnoid space immediately behind the eye (Figs. 25.6 and 
25.7), and expansion of the circle of Zinn-Haller with poten-
tial compromise of circulation into the prelaminar portion of 
the nerve. Potential for both mechanical stressors and circu-
latory compromise exists in high myopia, and any or all of 
these factors may influence the health of the nerve. In the 
remaining portion of this chapter, these potential contribu-
tors to optic nerve dysfunction will be discussed.

Glaucoma can represent a particular set of difficulties in 
high myopia. Because of the induced anatomic changes in 
high myopia, enlargement of the disc in macrodiscs with flat-
tening of the cup, or distortion of the disc with small cups 
seen in tilted optic discs being prominent examples, diagnos-
ing glaucoma can be difficult. The problem frequently boils 
down to deciding if the observed abnormalities are due, at 
least in part, to glaucoma and then determining if the changes 
are progressive. If so, the eye is generally treated with 
modalities to reduce the intraocular pressure. It is possible 
that myopia may cause progressive abnormalities in the reti-
nal nerve fiber by mechanisms not found in emmetropic 
eyes. What if these changes are lessened by reducing intra-
ocular pressure? Should these conditions be lumped together 
with glaucoma? In an analysis of 5277 participants from the 
National Health and Nutrition Examination Survey data, 
high myopes were found to have a much higher prevalence 
of visual field defects than either emmetropes or low myopes 
even though the self-reported prevalence of glaucoma was 
the same [45]. Since high myopia is a significant risk factor 
for the development of glaucoma, Qui and coworkers con-
cluded glaucoma surveillance should be intensified in high 
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myopes because glaucoma is probably being underdiagnosed 
in patients with high myopia [45].

Peripapillary atrophy is common in highly myopic eyes. 
The atrophy is deceptively simple but occurs in zones around 
the nerve. The outermost region is the alpha zone, which is a 
region on the outer border of the beta zone and demonstrates 
irregular pigmentation. The beta zone is a region of loss of the 
retinal pigment epithelium (RPE). The underlying choroid and 
sclera are rendered increasingly visible by the absence of the 
RPE.  Further investigation of these eyes with EDI-OCT 
showed Bruch’s membrane stopped short of the optic disc bor-
der. The gap between Bruch’s membrane and the optic disc 
border was called the gamma zone [46]. In a histologic evalu-
ation of highly myopic eyes, an area within the gamma zone 
was identified in which there were no blood vessels >50 μm in 
diameter. This region was called the delta zone. Alternate ter-
minology has been proposed. The beta zone without Bruch’s 
membrane has been termed βPPA−BM. The beta zone with 
Bruch’s membrane is βPPA+BM [47]. This meanings implied 
by the expanded nomenclature may be easier to remember.

Rudnicka and Edgar found that increasing size of peri-
papillary atrophy is associated with decreased global thresh-
old visual field indices [48, 49]. Beta zone peripapillary 
atrophy, in particular, occurs more commonly in glaucoma-
tous eyes. Glaucomatous visual field progression occurs 
more rapidly in eyes with a beta zone of peripapillary atro-
phy [50]. Size of beta zone peripapillary atrophy shows an 

inverse correlation with neuroretinal rim area and a spatial 
correlation to visual field loss in glaucoma patients [51].

25.7  Tilted Discs

There are three axes of rotation of an object, and current oph-
thalmic terminology describing the optic nerve only has 
terms for two of these. Tilting of the optic nerve refers to one 
of the horizontal borders of the nerve which are rotated in the 
transverse plane. Usually the temporal portion of the nerve is 
posterior to the nasal portion. The optic disc in eyes appears 
to be smaller than normal; the long axis of the nerve is typi-
cally larger, while the horizontal aspect is smaller than a nor-
mal disc. This may be related to the underlying structural 
support of the lamina in which the superior and inferior por-
tions of the lamina appear less robust than the horizontal 
aspects. The true horizontal width is difficult to measure 
accurately, however. The visualized width is the true width of 
the nerve multiplied by the cosine of the angle of posterior 
rotation. By visual inspection, it is difficult to know what this 
angle is, but with the advent of optical coherence tomogra-
phy (OCT), this angle potentially is measurable. However 
some recent authors estimate the amount of tilt by calculat-
ing the ratio between the minimum and maximum diameter 
of the nerve, a value they termed the index of tilt [52]. This 
ratio is certainly decreased in tilted optic nerves, but the 

Fig. 25.1 Schematic drawing 
of the optic nerve in an 
emmetrope. The numbered 
regions are as follows: (1a) 
inner limiting membrane of 
the retina, (1b) inner limiting 
membrane of Elschnig, (2) 
central meniscus of Kuhnt, (3) 
border tissue of Elschnig, (4) 
border tissue of Jacoby, (5) 
intermediary tissue of Kuhnt, 
(6) anterior portion of lamina 
cribrosa, and (7) posterior 
portion of lamina cribrosa. 
The abbreviations are as 
follows: Du, dura mater; Ar, 
arachnoid mater; Pia, pia 
mater; Gl.M., glial mantle of 
Fuchs; Gl.C, glial cell; Sep, 
septae. (From Anderson and 
Hoyt)
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number is not comparable among patients because the mini-
mum width observed in a color photograph is not the true 
horizontal width. One patient with a very narrow disc with 
little tilt may have the same index of tilt as another patient 
with a wider disc but more tilt. In addition, this ratio does not 
account for vertical elongation of the disc.

Tilted optic discs occur more commonly in myopic eyes 
but also occur in emmetropic and hyperopic eyes [40–43]. 
Tilted optic discs also are associated with higher cylindrical 
errors and longer axial lengths. Intraocular abnormalities 
associated with tilted optic nerves include smaller optic 
discs, small optic nerve cups, situs inversus of the retinal ves-

sels, abnormal vascularity on the nerve, and anomalous 
branching patterns of the retinal vessels in the retina. These 
associated abnormalities occur in some but not all eyes. 
Ordinarily a single central retinal artery branches into four 
arcade vessels, one each supplying the superotemporal, 
inferotemporal, inferonasal, and superonasal quadrants. In 
eyes with tilted optic discs, there are often fewer or more 
vessels branching on the nerve than what is normally seen, 
and these vessels do not necessarily follow the pattern of the 
four arcades. On occasions, larger vessels may branch in 
unusual patterns near the disc in the retina. Some authorities 
refer to tilted optic discs as congenital tilted optic disc; how-

Fig. 25.2 Stylized drawing 
after Fig. 25.1 showing an 
emmetropic eye (a) and one 
with a tilted optic disc (b). 
Missing from the drawing in 
Fig. 25.1 is Bruch’s 
membrane (BrM). The nerve 
fibers course through the 
opening in Bruch’s 
membrane, which is centered 
over the scleral canal. In high 
myopes with a tilted disc, 
there is a shifting of the 
opening in Bruch’s membrane 
temporally. There is a shifting 
of the inner sclera, which 
itself is thinned in high 
myopes. There are thinning of 
the choroid and absence of 
the temporal peripapillary 
choroid. The subarachnoid 
space (SAS) is expanded
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Fig. 25.3 Optic disc appearance in emmetropic eyes (a) and in eyes 
with pathologic myopia (b–h). (a) A round optic disc in an emmetropic 
eye (axial length; 23.3 mm) in a 43-year-old woman. The optic disc area 
is 2.49 mm2. (b) Small optic disc in a highly myopic eye (axial length; 
29.0 mm) in a 71-year-old woman. The optic disc area, 0.975 mm2, was 
corrected for axial length and corneal curvature, as were all of the other 
disc areas shown. (c–e) Various patterns of megalodisc in eyes with 
pathologic myopia. (c) A large and round optic disc with little tilting, 
torsion, or ovality in the right fundus (axial length; 32.3 mm) of a 

29-year-old man. The optic disc area adjusted by an axial length and 
corneal curvature is 9.57 mm2. (d) A large and oval disc in the left fun-
dus (axial length; 33.0 mm) of a 59-year-old woman. The optic disc 
area was 5.21 mm2. (e) A large disc in the left fundus (axial length; 35.3 
mm) of a 50-year-old woman. The optic disc area corrected for axial 
length and corneal curvature was 5.09 mm2. (f) A vertically oval disc in 
the right fundus (axial length; 32.3 mm) of a 41-year-old woman. 
Ovality index (maximum diameter/minimum diameter of the optic disc) 
is 2.36. (g, h) Examples of extremely tilted optic discs

Fig. 25.4 Development of acquired megalodisc in a highly myopic 
patient with age. (a) The left fundus of an 8-year-old boy shows a 
slightly oval disc. Axial length is 27.96  mm. (b) Twenty-four years 
later, the optic disc is vertically elongated and becomes megalodisc 

like. Axial length increases to 31.11  mm. The optic disc area was 
5.96 mm2. Over the 24-year follow-up, there is vertical elongation of 
the disc. Note the retinal vein coursing on the optic disc (arrow) shows 
bifurcation at the disc border in (a) but is within the disc area in (b)

Fig. 25.5 (a) The right 
fundus of a 14-year-old boy 
shows almost round optic 
disc. (b) Twenty-two years 
later, the optic disc shows 
enlargement and torsion
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ever, there is not enough data at present to be certain of what 
proportion of tilted discs are congenital.

Samarawickrama and coworkers examined retinal images 
of 1765 children aged 6 years and found 20 (1.6%) had tilted 
discs [53]. In these children, there was no association with 
myopia. A similar study in adolescent children in Singapore 
found tilted optic discs in 454 (37%) of 1227 children with a 
mean age of 14 years, and there was a very strong association 
with myopia [54]. Except for 20 cases, all eyes with tilted 
optic nerve had beta zone peripapillary atrophy. In the Blue 
Mountains study, which some of the same authors partici-
pated [40], tilted discs were found in 56 subjects among 
3583 adult participants, or 1.6%. The proportion of eyes with 
tilted discs was much greater among adult eyes with high 
myopia. The authors concluded the similar prevalence was 
evidence that tilted optic discs are really congenital. On the 
other hand, Kim and colleagues documented how the tilted 
appearance occurs over time in children [55], including the 
development of alteration in the shape of the optic disc. 

Patients with unilateral myopia have tilted discs only or, 
more prominently, in the myopic eye. Therefore, some tilted 
discs may be a function of morphogenic changes of the eye 
wall contour that occur in the development of high myopia, 
such as staphyloma formation. Another interesting take on 
this data is some patients have identifiable traits early when 
they are not myopic that may be predictive of high myopia 
later in life. The true estimation of the proportion of congeni-
tal tilted discs would be obtained from examining babies.

The retinal nerve fibers in a highly myopic eye still con-
verge on the optic canal, but the path taken by the fibers is 
different in a highly myopic eye with a tilted disc. The shift-
ing of the layers, particularly of the opening in Bruch’s mem-
brane in relationship to the scleral opening, was readily 
known to ophthalmologists in the nineteenth century [56, 
57]. With the advent of high-resolution OCT, the changes 
seen in gross specimens can now be seen in vivo. There is a 
shift of the Bruch’s membrane opening over the scleral canal 
in the temporal direction, so the nasal aspect of Bruch’s 

Fig. 25.6 Fundus photograph and swept-source OCT images showing 
deep pits extending toward the subarachnoid space (SAS). (a) Color 
fundus photograph of the optic disc showing a large annular conus. (b, 
c) En face cross-sectional images scanned in the area shown by the 
green square in (a). These en face images are from different levels and 
show that there are two pit-like pores (arrows) at the temporal border of 

the optic disc (b) and that these pores extend toward the SAS (c). (d, e) 
B-scan images acquired by 3D scan protocol showing the pits (arrows) 
extending toward the SAS; it is likely that there may be a direct com-
munication with the SAS. (f) Visual fields from Goldmann perimetry 
show a central and a paracentral scotoma in addition to the nasal step. 
Scale bar, 1 mm
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membrane appears to “slice” into the nasal aspect of the 
tilted nerve. The nasal border of the nerve, as defined by the 
Bruch’s membrane opening, is often much more temporal 
than would be appreciated by cursory ophthalmoscopy. This 
causes the nasal retinal nerve fibers to make a sharp hairpin 
turn to enter the optic nerve. This was called “supertraktion” 
by German ophthalmologists and “supertraction” or “super-
traction crescent” by the English [56–58]. On the temporal 
side of the nerve, the absence of tissue was called the “dis-
traction crescent” [59], signifying the pulling away of tissue 
by shifting tissue planes. The temporal retinal nerve fibers 
enter the tilted nerve at an angle greater than 90 degrees. 
Tilted discs are often associated with inferior staphylomas, 
which are discussed in Chaps. 8 and 13.

Eyes with tilted discs commonly have visual field defects, 
which typically are arcuate. The most common is a bitempo-
ral arcuate defect that does not respect the midline. This fea-
ture helps rule out the possibility of a chiasmal disorder. The 
arcuate-shaped defects also do not necessarily respect the 
horizontal midline, a finding uncommon in early glaucoma. 
Vongphanit and associates found the mean spherical 
 refraction in eyes with titled optic disc and visual field 
defects was −5.6 diopters [60], but visual field defects asso-
ciated with tilted discs do not necessarily occur in eyes that 

are highly myopic or even myopic at all [60–62]. In agree-
ment with the original article by Young [61], the most com-
mon location was superotemporal. The blind spot also may 
be enlarged and is usually proportional to the area of atrophy 
related to the conus. In the original description of tilted disc 
syndrome in 1976, one cause for the superior field defects 
was considered to be the “variable myopia” caused by “local-
ized staphylomatous ectasia” [61]. Prior to being called tilted 
disc syndrome, earlier authors described similar eye configu-
rations using terms such as situs inversus of the optic disc 
with inferior conus [62–66]. These authors noted the variable 
myopia and the ability to cause the visual field defect to dis-
appear by changing the refraction [63, 65], an observation 
reported again decades later [67]. In inferior staphyloma, the 
eye wall bulges out posteriorly inferiorly, and as a conse-
quence the image plane lies increasingly in front of the ret-
ina. The sensitivity of the retina is dependent on the 
illuminance, the luminous flux incident per unit area of the 
photoreceptors. A defocused image spreads the same num-
ber of photons of light over a larger area thus potentially 
reducing the sensitivity to threshold change. Altering the 
refraction in front of the eye can make visual field defects 
disappear in some eyes with inferior staphylomas. Even 
though this effect appears to be well known, as it was 
described repeatedly since the 1950s, reported studies in 
which the correction was actually done are rare. Therefore, it 
is likely many reported studies of visual field defects in tilted 
disc syndrome may be related to refractive abnormalities. 
However Young and coworkers stated not every patient had a 
staphyloma [61], and Hamada and coworkers found the 
visual field defects frequently did not correlate with the ana-
tomic changes in the eye [68]. Odland et  al. reported that 
stronger myopic correction could decrease the scotoma but 
in their patients did not cause it to completely disappear [65]. 
So there must be additional reasons for the field defects. 
These eyes can show alterations of the critical fusion fre-
quency [69], and electroretinographic abnormalities to 
include the multifocal electroretinogram [68, 70, 71], and 
reduced visual evoked responses [68]. Nevertheless some of 
these abnormalities were attributed to locally defocused 
images by the respective authors. Some of the pathophysio-
logic causes have proposed and include hypoplasia of the 
retina and choroid with subsequent distortion of structures 
around the disc [63], altered retinal pigment epithelium, and 
choroidal atrophy [66].

The visual field defects in tilted disc syndrome are gener-
ally stable, which can be a help in ruling out a concurrent 
diagnosis of glaucoma. The visual fields are not stable in all 
high myopes. Carl Stellwag von Carion noted in the nine-
teenth century that staphylomas appeared to be acquired and 
they progressed, sometimes very slowly, over a period of 
many years [72]. To the extent the visual field defects are 
related to staphylomas, either because of refractive or physi-

Fig. 25.7 Dilation of subarachnoid space (SAS) shown as ring sign in 
MRI images. (a) Coronal section of T2-weighted MRI image showing a 
ring sign to show a dilated SAS around the optic nerve. (b) Horizontal 
section showing a tram track sign along the retrobulbar optic nerve
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ologic reasons, there is a possibility with long-term follow-
 up the visual field may progress. In highly myopic patients 
who showed VF defects which are not explained by myopic 
fundus lesions, Ohno-Matsui and coworkers performed mul-
tiple regression analyses to determine the correlations 
between the visual field score and these possible factors: age 
at the initial examination, age at the last examination, axial 
length, initial IOP, mean IOP during the follow-up, maxi-
mum to minimum diameter measurements of the optic disc, 
and the presence of an abrupt change of scleral curvature 
temporal to the optic disc [73]. The results showed that the 
presence of an abrupt change of scleral curvature temporal to 
the optic disc was the only factor which correlated with a 
progression of visual field defects in highly myopic patients 
[73]. In addition to all of the previously mentioned theories 
for decreased sensitivity, the findings of this study raise new 
possibilities. One is that the sharp bend in the sclera may put 
mechanical stress on the nerve fiber to potentially cause 
injury. Second, there is the possibility of the Stiles-Crawford 
effect playing a role, since the tilted photoreceptors would be 
expected to have a reduced response. Akagi and coworkers 
found the retinal nerve fiber thickness was inversely related 
to the angle the fibers had to take to hug scleral protrusions 
near the optic disc [74]. This finding may be a proxy for the 
curvature of the associated staphyloma. When considering 
the possibility of glaucoma, confirmatory evidence from reti-
nal nerve fiber thickness measurements can be helpful. The 
pattern of retinal nerve fiber distribution is altered in tilted 
disc syndrome with thinner average; superior, nasal, and 
inferior but thicker temporal nerve fiber thicknesses; and a 
temporal shift in the superior and inferior peak locations [75, 
76]. Eyes with tilted optic nerves generally show more tilt 
with greater amounts of myopia, and eyes with more tilting 
have a greater temporal shift in nerve fiber thickness mea-
surements. Nerve fiber measurements in these eyes can be 
difficult and unreliable because of defects in segmentation, 
peripapillary atrophy, and schisis within the nerve fiber layer.

Torsion of the disc occurs when the ovoid of the optic 
nerve head is rotated in the coronal plane. More commonly 
this rotation is counterclockwise when viewing the right eye 
such that the superior aspect of the long axis is rotated tem-
porally. The direction of optic disc torsion is a strong predic-
tor of visual field defect location in normal-tension glaucoma 
[77]. There is a correlation between the amount of torsion 
and the visual field defect severity [78]. The retinal nerve 
fibers from the temporal periphery course around the central 
macula, apparently so they do not pass directly over the 
fovea. This diverts fibers to the superior and inferior nerve 
head. The retinal nerve fibers from the superior and inferior 
macula follow the analogous routes, respectively. Therefore, 
a large number of nerve fibers converge on the optic canal 
either superiorly or inferiorly. Rotation of the nerve would be 
expected to cause a shift of nerve fibers entering the nerve. In 

the Chennai Glaucoma Study [79] nerves showing outward 
rotation of the superior aspect of the nerve had thicker supe-
rior optic rims. In a study by Park and coworkers myopes 
with normal tension glaucoma were much younger than non- 
myopes and the biggest predictor of their visual field defects 
were the direction of optic nerve torsion [77]. Torsion of the 
nerve is much more common than is simple tilting. Some 
authors have used the term tilted to refer to both tilt and tor-
sion. The remaining axis about which the optic disc poten-
tially could rotate would cause deviation in the sagittal plane. 
This would produce a difference in elevation of the superior 
aspect of the disc in relation to the inferior portion. Given 
that inferior staphylomas are common, the inferior portion of 
the disc is commonly more posterior.

25.8  Optic Neuropathy Associated 
with Optic Nerve Abnormalities That 
May Not Be Progressive

Doshi and coworkers [80] described a group of young to 
middle-aged men of Chinese origin who had optic nerve 
cupping and visual field abnormalities suggestive of glau-
coma, but they had stable ocular findings for up to 7 years. 
The authors hypothesized that during the ocular expansion 
and associated deformation of the lamina cribrosa and altered 
entry angles for retinal nerve fibers may have put undue 
stress on some of the nerve fibers. The authors hypothesized 
that loss of these nerve fibers would lead to cupping and field 
loss, but with stabilization of myopic expansion, the process 
may not be progressive. The follow-up period, even though it 
was up to 7  years, does not mean the subjects would not 
show visual field progression, particularly in later years 
when glaucoma is much more common. Of interest is that 
analysis of 26 eyes of 26 young myopic primary open-angle 
glaucoma patients with progressive optic disc tilting showed 
an associated visual field mean deviation worsening [81].

25.9  Optic Disc Abnormalities Associated 
with Generalized Expansion

While it would seem to be an easy research question to 
answer, the exact relationship between axial length, myopia, 
and disc size is still a matter of contention. A histogram of 
proportion of the population tested versus refractive error 
shows a nearly normal distribution, albeit one skewed to the 
right. For most eyes, that is those having a refractive error 
somewhere between low grades of hyperopia to moderate 
amounts of myopia, there is little to no significant relation-
ship between refractive error (or the corresponding axial 
length) and disc area [82–89]. There is a clear relationship 
for eyes with high amounts of myopia and disc area. These 
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eyes represent a small proportion of the general population 
and show values clearly different than the rest of the data. In 
a sense, highly myopic eyes are outliers and when included 
with the rest of the population can influence the overall 
 correlation between refractive error and disc size. The 
Rotterdam Eye study reported a 0.033 mm2 increase in disc 
area with each diopter of refractive error [16]. Even if this 
were applicable to lower grades of myopia, the increase in 
disc area is very small. However among highly myopic eyes, 
particularly those with a refractive error greater than  – 8 
diopters, the disc area increases substantially in size [85, 86]. 
Two groups of investigators using OCT thought there was an 
inverse correlation between optic disc size and either refrac-
tive error or axial length, but the authors did not appear to 
perform any image size corrections for magnification varia-
tions [90, 91].

Optic discs in normal eyes show significant variation is 
size, independent of refractive error. Discs much larger than 
typical are called macrodiscs. For the Beijing Eye study, the 
calculated threshold was 3.79mm2 [85]. Eyes with macro-
discs generally fall into one of two classes. One is termed 
primary macrodisc in which the size of the disc does not 
appear to bear any relationship to refractive error. In second-
ary, or acquired, macrodisc, the optic nerve enlargement is 
associated with myopia, generally a refractive error of −8 or 
greater. Macrodiscs associated with myopia typically show 
generalized enlargement, but this enlargement may not nec-
essarily be isotropic. As a consequence, it is possible to see 
discs that are distorted in shape as well as being large. 
Macrodiscs typically have a flattening of the cup with 
reduced optic disc rim thickness and consequently increased 
cup/disc metrics. These discs may also appear somewhat pal-
lorous as compared with normal discs in emmetropes. The 
macrodiscs not related to myopia generally do not show pal-
lor or flattening of the disc and they have deeper cups. Along 
with the generalized enlargement of the disc, there are asso-
ciated thinning of the adjacent sclera and development of pits 
in the nerve and adjacent sclera.

The peripapillary region in eyes with megadiscs second-
ary to high myopia invariably have prominent peripapillary 
atrophy that involves the choroid, RPE, and outer retina. In 
some eyes, there can be marked thinning or even frank 
defects of the nerve fiber layer. In these eyes the segmenta-
tion routines used to detect retinal nerve fiber layer thickness 
break down and consequently do not accurately measure the 
thickness of the retinal nerve fiber layer. These are the 
patients that are among the most difficult to evaluate for 
glaucoma. Under the best of circumstances, the optic disc in 
high myopia with disc enlargement may have a smaller rim, 
the disc is usually pale, visual field testing shows at least an 
enlargement of the blind spot, and retinal nerve fiber layer 
measurements are not reliable. Patients with very high 
amounts of myopia have depressed threshold sensitivities. 

There are potential difficulties with retinal nerve fiber layer 
analysis in high myopes; an alternative measurement could 
be to measure the cell bodies instead of the axons. The gan-
glion cell complex can be visualized, segmented, and mea-
sured in eyes and has been proposed as a method to help 
diagnose and follow glaucoma in highly myopic eyes [92–
94]. The area under the curve for ganglion cell complex mea-
surements appears as good as or better than nerve fiber layer 
measurements. There is disagreement about parameter varia-
tion and myopia with this newer modality. Shoji and cowork-
ers [93] found no association between thickness and amount 
of myopia while Zhao and Jiang did [94].

25.9.1  Dilation of Perioptic Subarachnoid 
Space and Thinning of Peripapillary 
Sclera

Expansion of the subarachnoid space (SAS) near the exit of 
the optic nerve has been noted more than 100 years ago [95–
100]. The terminology used then was a bit different than 
today. The subarachnoid space was seen to end in a blind 
pouch that was thought to be bounded by scleral fibers that 
were confluent with the termination of the arachnoid and the 
dura, which themselves merged together. The space was 
called the intervaginal space by many authorities, and others 
called it the subarachnoid space. The space was seen to be 
enlarged in cases of infection because of increased intracra-
nial pressure, tumor, optic atrophy, and in myopia. First 
described by von Jaeger, early ideas were that the expansion 
of the space was due to ocular expansion during myopia 
development, Schnabel considered the enlargement a con-
genital abnormality that occurred in eyes that also commonly 
developed myopia, while Landolt thought the expansion of 
the dural insertion caused weakness of the posterior portion 
of the eye with staphyloma development as a consequence 
[100]. In myopic eyes with an enlarged intervaginal space, 
the sclera was seen to be exceedingly thin by a number of 
authorities of that age and was described by Parsons as leav-
ing only a “few layers of scleral lamellae” [99]. Okisaka 
[101] reported that in emmetropic eyes, the perioptic SAS 
was narrow and the SAS blindly ended at the level of lamina 
cribrosa. The dura of the SAS was attached to the peripapil-
lary sclera just around the lamina cribrosa. In contrary, in 
highly myopic eyes, the perioptic SAS was enlarged together 
with an increase of the axial length (Fig. 25.7).

Observations by investigators such as Okisaka and Jonas 
[102, 103] have helped refine concepts of the enlargement of 
the subarachnoid space and associated histologic changes in 
the posterior eye wall. Jonas found that the scleral flange, the 
distance between the optic nerve border, and the attachment 
of the dura to the sclera were correlated with increased axial 
length and inversely correlated with the scleral thickness 
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[102]. The scleral flange thickness was seen to be attenuated 
in myopic eyes, with some having thicknesses of less than 
100 microns [103]. Over the course of more than a century, 
observations of the perioptic subarachnoid space were typi-
cally made on autopsy eyes.

In T2 images of MRI, the dilated SAS around the optic 
nerve can be observed as a ring sign, which is somewhat 
similar to the findings seen in patients with increased intra-
cranial pressure (Fig. 25.7). Enhanced depth imaging (EDI)-
OCT and swept-source OCT provided deeper imaging 
capabilities as compared with conventional spectral domain 
(SD) OCT and made it possible to visualize the deeper struc-
tures in detail in vivo. Park et al. [104] used EDI-OCT and 
observed the SAS around the optic nerve in 25 of the 139 
glaucomatous eyes (18%). Most of the 25 eyes had high 
myopia and extensive parapapillary atrophy. Ohno-Matsui 
and coworkers [105] used swept-source OCT and visualized 
a dilated SAS in 124 of 133 highly myopic eyes (93.2%) but 
could not visualize the SAS in the emmetropic eyes. The 
SAS was triangular, with the base toward the eye surround-
ing the optic nerve (Fig. 25.5) and it contained a branching 
internal structure. The attachment of the dura to the eye wall 
could be clearly seen offset from the immediate peripapillary 
area, and there was a change in the scleral curvature at the 
site of attachment. In one highly myopic eye, there appeared 
to be a direct communication between the intraocular cavity 
and SAS through pit-like pores (Fig. 25.6).

The expanded area of exposure to CSF pressure along 
with thinning of the posterior eye wall may influence staphy-
loma formation and the way in which diseases may be mani-
fested. Marcus Gunn stated that he rarely saw optic nerve 
swelling in high myopes with brain tumors [106]. While he 
stated the joint probability of the two was low, he proposed 
the excessive cerebrospinal fluid pressure in the subarach-
noid space may be spread out over a larger area of the poste-
rior portion of the eye or may be locally dissipated by the 

thinned dura near the eye in highly myopic eyes. There may 
in fact be weakening of the ocular wall, as Landolt suggested 
[96], but the amount of staphyloma formation would be 
influenced by not only the thinning of the sclera but also by 
the alteration in trans-scleral forces caused by the wider 
region of exposure to the cerebrospinal fluid pressure. Many 
questions remain unanswered but potentially could be mod-
eled now that imaging techniques are capable of visualizing 
these areas.

25.9.2  Formation of Acquired Pits in the Optic 
Disc and Conus Regions

Because of the expansion of the posterior portion of the 
globe, scleral emissaries can show remarkable expansion in 
size as shown in Chap. 8. Similar expansion of the region 
centered on the nerve can cause several broad classes of 
analogous abnormalities (Fig. 25.8). Pit-like changes can be 
seen in the region of the conus similar to those in the macular 
region [107]. There can be clefts at the border of the optic 
nerve, which may be secondary to expansion-induced stress 
at this junction. Finally tears in the lamina cribrosa, similar 
to those seen in glaucomatous eyes, have been seen in highly 
myopic eyes, and these dehiscences may be associated with 
depressions or pits in the optic nerve [108]. By using swept- 
source OCT, Ohno-Matsui and colleagues [107] found pit- 
like clefts at the outer border of the optic nerve or within the 
adjacent scleral crescent in 32 of 198 highly myopic eyes 
(16.2%) but in none of the emmetropic eyes. The pits were 
located in the optic disc in 11 of 32 eyes (Figs.  25.9 and 
25.10) and in the area of the conus outside the optic disc 
(conus pits) in 22 of 32 eyes. The nerve fiber tissue was dis-
continuous overlying the pits, and this discontinuity may be 
yet another reason for visual field defects in highly myopic 
patients. In some cases, the retinal vessels herniated into the 

Fig. 25.8 Deeply excavated pit-like structures within the optic disc 
area in a highly myopic eye suspected of having glaucoma. The refrac-
tive error was −18.0 D and the axial length was 29.4 mm. Bar, 1 mm. 
(a) Right fundus of a 45-year-old woman shows an atrophic glaucoma-
tous optic disc and temporal conus. The green arrows show the scanned 
lines of the swept-source OCT images shown in D and E. (b) Magnified 
view shows the large optic disc with saucerization. Note how the ves-
sels inferiorly dip out of view at the inferior border of the disc indicative 
of cupping. The green lines are the scanned lines of the swept-source 
OCT images shown in F and G. (c) En face view of the optic disc recon-
structed from three-dimensional images of swept-source OCT shows 
two large pits at the upper and lower poles of the optic disc (arrows). 
These pits have a triangular shape, and their bases are directed to the 
edge of the optic disc. Multiple pit-like structures are also observed 
along the temporal margin of the optic disc (arrowheads). (d) B-scan 

swept-source OCT image of the scanned line shown in (a) shows a deep 
pit (arrow) in the inferior pole of the disc extending posteriorly beyond 
the lamina cribrosa. The inner surface of the lamina is indicated by 
arrowheads. The nerve fiber overlying the pit is disrupted. (e) B-scan 
swept-source OCT image of the scanned line shown in (a) shows an 
oval-shaped, deeply excavated pit (arrow) at the superior pole of the 
optic disc with a wide opening. The lamina is dehisced from the peri-
papillary sclera at the site of the pit, and the nerve fibers overlying the 
pit are discontinuous at the pit. The depth of the pit from its opening is 
1,142 μm. (f) B-scan swept-source OCT image across the scanned line 
shown in (b) shows a shallow pit (arrow) along the temporal margin of 
the optic disc. (g) Section adjacent to that shown in (f) shows a discon-
tinuity of the lamina (arrow). A hyporeflective space is observed poste-
rior to the defect
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Fig. 25.9 Conus pits present on the temporal side of the scleral ridge 
in an eye with type IX staphyloma (Curtin’s classification). The axial 
length of this eye was 32.8 mm with an intraocular lens implanted. Bar, 
1 mm. (a) Photograph of right fundus of 64-year-old woman shows an 
oval disc with a large annular conus. A scleral ridge is shown by arrow-
heads. The green lines show the area scanned by swept-source optical 
coherence tomography (swept-source OCT) for the images shown in d 
through g. (b) En face image of the optic disc area reconstructed from 
three-dimensional swept-source OCT images shows multiple pits on 
the slope inside the ridge at approximately same distance from the optic 

disc margin (arrowheads). (c) Magnified view of (b) shows a collection 
of pits just temporal to the scleral ridge. (d) B-scan swept-source OCT 
image shows that the pit is present on the inner slope of the ridge 
(arrow). The peripapillary sclera and overlying nerve fiber tissue is dis-
continuous at the pit site. (e) Another pit can be seen inferotemporal to 
the optic disc. (f) Vertical OCT scan temporal to the optic disc shows 
multiple pits (arrows), and the tissue around the pits appears like a 
sclera schisis. (g) Swept-source OCT section adjacent to the pits shows 
a hyporeflective space resembling a scleral schisis (arrow). The defects 
appear to be interruptions in the nerve fiber layer
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conus pits. Schematic illustration of development of optic 
disc pits and conus pits are shown.

25.9.3  Separation of Circle of Zinn-Haller 
from the Optic Nerve

Because of its intrascleral location, it had been difficult to 
observe the circle of Zinn-Haller in situ. Thus, most of the 
studies of the circle of Zinn-Haller have been done using his-
tological sections [10, 109] or vascular castings with methyl 
methacrylate [110–112] of human cadaver eyes. Expansion 
of the circle of Zinn-Haller and associated circulatory altera-
tions were proposed to be a cause peripapillary choroidal 
atrophy in high myopia by Elmassri in 1971 [113]. Following 
identification of the circle of Zinn-Haller by angiography 
and Doppler ultrasonography [114], it was observed using 
fluorescein fundus angiography and indocyanine green 
(ICG) angiography in eyes with pathologic myopia with 
peripapillary atrophy (Fig.  25.11) [115–119]. EDI-OCT 
showed intrascleral cross sections of the vessels that were 
identified in ICG angiography images to correspond to the 
circle of Zinn-Haller. The filling of the circle of Zinn-Haller 
can be observed by ICG angiography to occur as would be 

expected by the known anatomy. In highly myopic eyes with 
large conus, the circle of Zinn-Haller had a horizontally long 
rhomboid shape, and the entry point of the lateral and/or 
medial short posterior ciliary arteries was at the most distant 
point from the optic disc margin. There are no currently 
known abnormalities correlated with the expansion of the 
circle of Zinn-Haller at present, but compromise in blood 
flow to the nerve may be a potential reason for the pallor 
sometimes seen in the optic disc of highly myopic eyes and 
also may be a contributing factor for the increased risk of 
glaucoma in highly myopic eyes. The increased radial dis-
tance between the expanded circle of Zinn-Haller in high 
myopes may decrease the blood perfusion into the nerve and 
may contribute to optic neuropathies such as glaucoma.

25.10  Eye Shape Abnormalities

Klein and Curtin, in their original description of lacquer 
cracks, sound a uniform constriction of the central fields, 
with a greater constriction to blue as compared with red test 
objects [120]. They thought the field defects were related to 
staphyloma formation and not the lacquer cracks. They also 
stated the increased constriction of the blue as compared 

Fig. 25.10 Hypothetical scheme showing how optic disc pits develop. 
Upper panels show drawings of en face view of the optic disc and peri-
papillary area. Lower panels show cross-sectional images. The optic 
disc is first enlarged by a mechanical expansion of the papillary region 
(upper middle image). Because of the mechanical expansion, the lam-
ina eventually dehisces from the peripapillary sclera particularly at the 

superior and inferior poles. This stage is observed by swept-source 
OCT as hyporeflective gap at the junction between the lamina cribrosa 
and the peripapillary sclera. With further increase of the size of the gap, 
the nerve fiber overlying this gap may be sunken, displaced, or dis-
rupted, and this stage is observed as optic disc pits by swept-source 
OCT (lower right image)
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with the red test was a sign of retinal dysfunction [120]. 
Fledelius and Goldschmidt evaluated the eye shape and 
visual field abnormalities of the eyes with high myopia and 
found that abnormalities of both eye shape and visual field 
defects were more common with increasing myopia [121]. 
Moriyama and colleagues analyzed the shape of the human 
eye by using 3D MRI (see the “Staphyloma” chapter for 
details) [122]. The ocular shape as viewed from the inferior 
aspect of the eye was divided into distinct types, nasally 
distorted, temporally distorted, cylindrical, and barrel 
shaped. Statistical comparisons of the eyes showed that sig-
nificant VF defects were found significantly more fre-

quently in eyes with a temporally distorted shape. The area 
where the optic nerve is implanted in the globe was at the 
nasal edge of a temporal protrusion in these eyes. Thus, 
these eyes showed the presence of a change of the ocular 
shape just temporal to the optic disc. This corresponded to 
the stereoscopic fundus observation that eyes with a ridge-
like protrusion just temporal to the optic disc tend to have 
VF defects significantly more frequently than eyes without 
the temporal ridge [74]. Using swept-source OCT to exam-
ine highly myopic eyes, Ohno-Matsui and coworkers ana-
lyzed the shape of sclera [123], which could be seen in its 
entire thickness. The curvatures of the inner scleral surface 

Fig. 25.11 Detection of Zinn-Haller arterial ring in a highly myopic 
patient by both indocyanine green (ICG) angiography and optical 
coherence tomography (OCT). (a) Fundus photograph of the left eye of 
a 60-year-old man with a refractive error of −11.25 D (spherical equiv-
alent) and axial length of 28.4  mm. A large temporal conus is seen. 
Blood vessels suggesting the Zinn-Haller ring are seen within the conus 
(arrowheads). The vessels originating from short posterior ciliary arter-
ies can also be seen (arrows). (b) ICG angiographic finding at 1 min 
after dye injection showing the Zinn-Haller ring (arrowheads) sur-
rounding the optic disc in almost a circular shape. Vessels originating 
from the short posterior ciliary arteries can also be seen (arrows). (c) 

ICG angiographic image 12 s after the ICG injection showing the cen-
tripetal branch (arrow) running toward the optic nerve from the Zinn- 
Haller ring. (d) The scanned line by OCT (in bottom-right image) is 
shown on the ICG angiographic image. (e) Horizontal OCT scan shown 
as green line in bottom-left figure shows a cross section of the vessel of 
the Zinn-Haller ring as a small hyporeflective circle (arrowhead) near 
the inner surface of the peripapillary sclera. The vessel connecting the 
Zinn-Haller ring and retrobulbar SPCA is seen as a hyporeflective circle 
(arrow), which is wider and is situated deeper than the vessels of the 
Zinn-Haller ring
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of highly myopic eyes could be divided into those that were 
sloped toward the optic nerve, were symmetrical and cen-
tered on the fovea, were asymmetrical, and finally were 
irregular. Patients with irregular curvature were signifi-
cantly older and had longer axial lengths than those with 
other curvatures. The subfoveal scleral thickness was sig-
nificantly thinner in eyes with irregular curvature than the 
eyes with other curvatures. Myopic fundus lesions as well 
as visual field defects were present significantly more fre-
quently in the eyes with irregular curvature. By comparison 
between OCT images and 3D MRI images, all of the eyes 
with temporally distorted shape by 3D MRI had irregular 
curvature by swept-source OCT. Combining these studies, 
the eye shape shown as temporally dislocated type by 3D 
MRI, irregular curvature by swept-source OCT, and steeply 
curved staphyloma visualized by stereoscopic fundus 
observation may be the same. While these changes in eye 
shape may induce local refractive variations, the same dis-
tortions also have the potential to put abnormal stresses on 
the retinal nerve fiber layer, and thus there could be a neu-
rologic component. Future research will aim to clarify 
these questions. If eyes with these characteristics are found 
to have visual field defects, the likelihood is that visual 
field defects are due to local effects and not any type of 
optic neuropathy.

25.11  Myopic Optic Neuropathy

Since its earliest description, there has been controversy 
about the pathophysiology of glaucoma. Intraocular pressure 
may cause stress to the nerve fibers, particularly with ele-
vated pressure. Intraocular pressure also appears to partici-
pate in remodeling of tissues such as the lamina cribrosa, 
which may compound the mechanical stress on nerve fibers. 
Another major group of hypotheses for glaucoma posits 
abnormalities in tissue perfusion as a cause of nerve fiber 
loss. Glaucoma is a neurodegenerative disease associated 
with specific ocular findings. Cupping in emmetropic eyes in 
relation to glaucoma is the result of loss of the nerve fibers 
and associated glial cells in the optic nerve head and to 
deformation of the lamina [124]. In pathologic myopia, the 
optic nerve head can show expansion, tilting, torsion, and 
effacement. All of these factors may put mechanical stress on 
the nerve fibers. Expansion of the circle of Zinn-Haller may 
also affect the perfusion into the nerve tissue. Pathologic 
myopes may develop an optic neuropathy that results in sau-
cerization of the disc and visual field defects that resemble 
those seen in emmetropes with glaucoma. In a series of 155 
patients in Korea [125] with normal tension glaucoma and 
asymmetric field loss, the eye with higher pressure in emme-
tropes showed more visual field loss. In myopes, refractive 
error, ovality index of the optic disc, and peripapillary atro-

phy were the predictors of visual field loss. This suggests 
there may be different pathophysiological reasons for visual 
field loss in emmetropes versus myopes in the eyes that do 
not demonstrate overtly elevated intraocular pressure, but 
both are the result of loss of nerve fibers. Is the diagnosis of 
glaucoma appropriate for all of these cases?

When evaluating a patient who may have glaucoma, one 
valuable test is visual field testing. In a study of 1434 visual 
field tests of 487 high myopes from a myopia registry, 
“arcuate- like” scotomata were found in 16.1%, advanced 
arcuate scotomata in 3.4%, nasal step in 5.1%, and enlarged 
blind spots in 25.6% [126]. Another common test is measur-
ing the thickness of the retinal nerve fiber layer. This is often 
done in the parapapillary region with a circular scan. The 
distortion in pathologically myopic eyes places this circle at 
varying distances from the border of the optic nerve as com-
pared with emmetropes. Therefore, the nomograms derived 
for emmetropic eyes does not apply to highly myopic eyes. A 
useful test in evaluating for possible glaucoma is the gan-
glion cell volume. This involves performing a volume scan 
of the macula followed by segmentation of the ganglion cell 
layer. This second step presents a challenge in highly myopic 
eyes. The distortion caused by staphylomata can lead to 
incorrect segmentation and image folding. Many image seg-
mentation algorithms do not work if the eye has patchy atro-
phy. The lack of expected retinal layers obfuscates correct 
recognition of the remaining layers, yielding an incorrect 
result.

While tests used to diagnose glaucoma have a large vari-
ability, this is particularly true in pathologic myopia. A prac-
tical response is to examine repeated testing for signs of 
nerve fiber, ganglion cell, or visual field loss. If this can be 
demonstrated with certainty, the patient is often said to have 
glaucoma. This axiomatically leads to the only treatment for 
glaucoma, reduction in intraocular pressure. It may be pos-
sible that the numerous alterations in pathologic myopia 
have an unfavorable impact on retinal nerve fiber health by 
mechanisms that may overlap, but not be entirely the same as 
in “glaucoma,” an admittedly nebulously defined disease. 
This second condition could be labeled myopic optic neu-
ropathy. Under current levels of technology and understand-
ing, this myopic optic neuropathy would be treated with 
reduction of intraocular pressure, even though we do not 
have good efficacy data.

25.12  The Need for Future Research

Patients with high myopia may have visual field defects, 
but how certain are we these defects are due specifically to 
the nerve and not to other coexistent abnormalities? We 
know that glaucoma is more common in eyes with myopia; 
it may be more difficult to diagnose glaucoma, particularly 
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in highly myopic eyes; and there may be changes in high 
myopia that emulate those occurring in glaucoma that may 
not, strictly speaking, be true glaucoma. There are undoubt-
edly altered mechanical stress on the nerve fibers and 
potential compromises in prelaminar perfusion. These con-
siderations support the general idea that there may be types 
of optic neuropathy related to or accentuated by high myo-
pia. There are many confounding factors that have not been 
fully evaluated. The interactions between expansion of the 
SAS, the myopic changes induced in the circle of Zinn-
Haller, thinning sclera, and translaminar pressure are all 
variables that need closer examination. Many if not most of 
the visual field abnormalities also are associated with shape 
changes in the eye that directly or indirectly may cause 
decreased visual field performance independent of actual 
optic nerve abnormalities. The eye in myopia is longer, and 
as a consequence any test object of a given size will pro-
duce a larger image size on the retina, even if focused cor-
rectly. Since many eyes with abnormal visual fields also 
have abnormal shapes, there is a high likelihood of region-
ally varying focus. There is a complex aberration induced 
not necessarily by the dioptric mechanism of the eye, but 
by fluctuating deviations in distance of the retina from the 
image plane. This same expansion has the potential to cause 
regional variations in photoreceptor packing densities, as 
has been determined with adaptive optics imaging [127, 
128]. The peripheral visual acuity is decreased in the 
periphery in myopes [129]. Deviation of the peripheral 
refraction from the measured central refractive error is 
much more pronounced in eyes with high myopia as com-
pared with emmetropic eyes [130], and these alterations in 
peripheral refraction have potential to change the visual 
field test results. Coexistent with stretching of the wall of 
the eye is thinning of the choroid. Trying to determine the 
root cause of visual field defects in high myopia represents 
a significant challenge because of the many simultaneously 
changing variables, some known, some unknown, which 
coexist with any observed variable. Control, or at least 
measurement, of these simultaneously changing variables 
will be the only way to fully evaluate the contributions each 
of them make to visual field abnormalities in high myopia.
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