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Abstract: Optic nerve cupping or enlargement of the cup-to-disc ratio is widely recognized 
as a feature of glaucoma, however it may also occur in non-glaucomatous optic neuropathies. 
The most well-recognized non-glaucomatous optic neuropathies that cause cupping include 
compressive optic neuropathies, arteritic anterior ischemic optic neuropathies, hereditary 
optic neuropathies, and optic neuritis. Cupping is thought to consist of two main compo-
nents: prelaminar and laminar thinning. The former is a shallow form of cupping and related 
to loss of retinal ganglion cells, whereas the latter involves damage to the lamina cribrosa 
and peripapillary scleral connective tissue. Differentiating glaucomatous and non- 
glaucomatous optic nerve cupping remains challenging even for experienced observers. 
Classically, the optic nerve in non-glaucomatous causes has pallor of the neuroretinal rim, 
but the optic nerve should not be examined in isolation. The patient’s medical history, history 
of presenting illness, visual function (visual acuity, color vision and visual field testing) and 
ocular examination also need to be considered. Ancillary testing such as optical coherence 
tomography of the retinal nerve fiber layer and ganglion cell layer-inner plexiform layer may 
also be helpful in localizing the disease. In this review, we review the non-glaucomatous 
causes of cupping and provide an approach to evaluating a patient that presents with an 
enlarged cup-to-disc ratio. 
Keywords: optic disc cupping, misdiagnosis of glaucoma, nonglaucomatous cupping, 
differential diagnosis of glaucoma, optic disc pallor

Introduction
“Cupping” is a term used to describe enlargement of the cup-to-disc ratio and is 
widely recognized as a feature of glaucoma; however, it is not pathognomonic. 
Since its discovery over 170 years ago, a large volume of the literature on optic disc 
cupping has accumulated, yet the mechanism is still not fully understood. Based on 
initial histopathological studies, the optic nerve cupping in glaucoma was thought 
to result from the loss of ganglion cell axon fibers and thinning and the posterior 
displacement of the lamina cribrosa.1–3 When intraocular pressure is high, diagnosis 
of glaucoma is relatively easy. Glaucoma is also well known to spare central visual 
acuity and color vision until late stages. It also produces characteristic visual field 
defects such as nasal steps and arcuate defects. Diagnosis may become challenging 
if intraocular pressure remains within the generally considered normal limits and 
optic disc cupping is present. This cupping may be physiologic or related to a non- 
glaucomatous process and the better recognized processes include compressive 
optic neuropathies, hereditary optic neuropathies and arteritic anterior ischemic 
optic neuropathy. Nonglaucomatous optic disc cupping is well known to occur 
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with greater neuroretinal rim pallor and less profound 
excavation than seen in glaucoma and often has different 
visual manifestations.4 However, clinically differentiating 
glaucomatous and non-glaucomatous optic nerve cupping 
remains challenging even for experienced observers, espe-
cially since pallor is a subjective sign. When there is 
advanced cupping and the visual function is severely 
depressed, this can be even more challenging and ancillary 
testing such as magnetic resonance imaging of the orbits 
with contrast may be necessary. The history of presenting 
illness is also important since acute vision loss and rapid 
vision loss are less likely to be glaucomatous unless there 
is a corresponding high intraocular pressure. Reviewing 
old records is also usually helpful since previous optic disc 
edema or a normal appearance of the optic nerve with 
vision loss argue against glaucoma. The highest payouts 
for medicolegal insurance claims were found to involve 
missed or poorly followed intracranial tumors causing 
optic nerve and visual field changes.5 Trobe et al showed 
that 44% of eyes with nonglaucomatous optic atrophy 
were misdiagnosed as showing glaucoma in fundus stereo-
photographs by at least one observer.4 The focus of this 
review is to describe the non-glaucomatous optic neuro-
pathies that may present with cupping and review clinical 
features that may help differentiate nonglaucomatous cup-
ping from glaucoma. The term “cupping” in this review 
will refer to the enlargement of the cup-to-disc ratio deter-
mined by clinical examination.

Methods
Ovid MEDLINE, Google scholar and PubMed were 
searched from inception to June 20, 2021, using multiple 
search terms including nonglaucomatous optic disc cup-
ping, glaucoma suspect, and glaucoma mimicker. 
A manual search of the references of the included studies 
was also conducted. Relevant articles published in peer- 
reviewed journals were included.

Mechanisms of Cupping in 
Non-Glaucomatous Optic 
Neuropathies
In 1929, Hamann6 described a 54-year-old woman believed to 
have glaucoma who successfully underwent bilateral cor-
neoscleral trephinations, but the progressive loss of visual 
fields continued. An x-ray of the skull confirmed the presence 
of an abnormality in the sellar region (likely a pituitary tumor). 
Over the next several years, Thiel, Dalsgaard-Nielsen, Möller 

all reported cases of compressive optic neuropathies that pre-
sented similarly to glaucoma.7 In 1950, Blazar and Scheie7 

first used the term “pseudoglaucoma” to describe cases in 
which a definite cause was found to account for progressive 
visual field defects and atrophy of the optic nerve. Quigley and 
Anderson8 reviewed stereophotographs of 78 patients with 
ischemic optic neuropathy and noted six cases of optic disc 
cupping that appeared similar to glaucoma. There was a higher 
proportion of patients with cupping due to arteritic anterior 
ischemic optic neuropathy (50%) compared to those with the 
nonarteritic form (10%). The enlarged cupping found more 
commonly in AAION than in NAION is likely to be multi-
factorial and the baseline “disc-at-risk” in the NAION group is 
also a contributing factor. The authors also found that optic 
disc pallor was more severe in those with ischemic optic 
neuropathy and the visual field defects were often distinct in 
this category of patients. This study had a major drawback in 
that the AAION group had a few numbers of eyes (10) when 
compared to the NAION groups. Similarly, neuroretinal rim 
pallor was found in a retrospective review by Trobe et al4 to be 
94% specific for nonglaucomatous optic atrophy and focal or 
diffuse obliteration of the neuroretinal rim to be 87% specific 
for glaucoma. Quigley and Green1 were the first to demon-
strate that optic disc cupping was the result of axon loss, and 
connective tissue remodelling.

The optic nerve head is composed of roughly 
1.8 million retinal ganglion cell axons and exits the eye 
through the Bruch’s membrane opening and the scleral 
outer portion of the neural canal.9 The lamina cribrosa is 
a meshwork that contains astrocytes, capillaries and con-
nective tissue. In this area, oxygen and nutrients move 
from the laminar capillaries within the extracellular matrix 
and across the astrocyte basement membrane and into the 
optic nerve axons.9 The connective tissue within the 
lamina cribrosa is attached to the collagen and elastin 
fibers of the adjacent sclera and anchors it in place.10

Optic disc cupping in glaucomatous and non- 
glaucomatous optic neuropathies have been explained by 
Burgoyne11 to be consistent with two principal components: 
prelaminar and laminar thinning. Prelaminar thinning can 
occur due to loss of retinal ganglion cell axons and/or due to 
physical compression.12 The loss of prelaminar neural tissue 
increases the cup-to-disc ratio but is a shallow form of 
cupping. Prelaminar thinning is considered non-specific as 
it occurs in all forms of retinal ganglion cell axon loss 
including aging. Laminar deformation results from damage 
to the lamina cribrosa and peripapillary scleral connective 
tissue.12 Laminar deformation causes a clinically deeper 

https://doi.org/10.2147/EB.S272343                                                                                                                                                                                                                                    

DovePress                                                                                                                                                                                

Eye and Brain 2021:13 256

Waisberg and Micieli                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


form of cupping, and occurs in optic neuropathies in which 
the connective tissues of the optic nerve head have been 
damaged, becoming more susceptible to intraocular pressure 
(IOP) induced deformation. Whether the optic nerve head is 
initially damaged due to inflammatory, ischemic, or genetic 
causes, the process that leads to deformation of the damaged 
tissue is IOP related.12 This explains how optic nerve head 
damage can occur due to a non-IOP related process yet 
appear “glaucomatous”. Recent modelling studies investi-
gating optic nerve head biomechanics have found that lami-
nar cupping may be a biomechanical feedback mechanism to 
restore mechanical homeostasis.13 This theory is also sup-
ported by studies showing that laminar cupping and thicken-
ing can have stress-lowering effects.14,15

Conditions That Mimic 
Glaucomatous Cupping
Compressive Optic Neuropathies
Compressive optic neuropathies causing cupping have been 
observed in patients with pituitary adenomas,6,7,16–20 

aneurysms,21–24 craniopharyngiomas19,25 and 
meningiomas.16,17,19,26,27 Bianchi-Marzoli et al28 performed 
a masked measurement of the optic discs of 29 patients with 
compressive optic neuropathies and 20 age-matched con-
trols. This study found a significantly larger cup-to-disc 
ratio (0.37) for eyes with compressive optic neuropathies 
than for control eyes (0.10). Inter-eye asymmetry was also 
found in patients with unilateral optic nerve compression, 
suggesting that optic disc cupping is an acquired feature from 
these processes. An example of a patient with a tuberculum 
sellae meningioma compressing the right optic nerve is 
shown in Figure 1. Qu et al29 found that the appearance of 
a glaucoma-like optic disc was detected more frequently in 
patients with parasellar or intrasellar tumours than in an age- 
matched control group. This retrospective study also found 
that larger tumours located closest to the opening of the optic 
canal had the highest likelihood to exhibit glaucoma-like 
cupping.

Compressive optic neuropathies can often be differen-
tiated from glaucoma based on clinical features, such as 
reduced visual acuity, reduced color vision, pallor of the 

Figure 1 A 45-year-old woman presented with gradual onset painless vision loss in the right eye was found to have a tuberculum sellae meningioma with suprasellar 
extension and compression of the right optic nerve. (A) Optic disc photographs show cupping in the right optic nerve as indicated by a larger cup-to-disc ratio. (B) Optic 
coherence tomography (OCT) of the retinal nerve fiber layer (left panel) show atrophy of the right optic nerve, mainly in the temporal portion. OCT ganglion cell layer-inner 
plexiform layer (right panel) showed diffuse thinning, more prominent in the inferior macula. (C) Magnetic resonance imaging coronal T2-weighted images (above) and T1- 
post-contrast images (below) show a the meningioma compressing the right optic nerve (red arrow). There is mild contact with the left optic nerve.
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neuroretinal rim and visual field defects that respect the 
vertical meridian. Glaucoma typically spares the papillo-
macular bundle until the late stages, which is why central 
acuity and color vision tend to be spared.30 The advent of 
optical coherence tomography (OCT) has also been help-
ful since compressive optic neuropathies tend to cause 
atrophy of the temporal retinal nerve fiber layer (RNFL) 
and nasal hemi-macular ganglion cell layer-inner plexi-
form layer (GCIPL). In Figure 1, this 45-year-old woman 
had optic disc cupping greater in her right optic nerve due 
to a tuberculum sellae meningioma. In the right eye, she 
has temporal OCT RNFL thinning, which is not consistent 
with glaucoma and more consistent with a compressive 
optic neuropathy. Her visual field testing was not reliable 
and the OCT findings prompted neuroimaging that showed 
a tuberculum sellae meningioma compressing the right 
optic nerve.

In many previous case reports reporting optic disc 
cupping from compressive lesions, it was clear that the 
patient did not suffer from glaucoma. For example, 
Portney and Roth21 described a 51-year-old woman who 
reported reduced vision in her left eye and was found to 
have a “vertically oval cup elongated superiorly” due to 
left ophthalmic artery aneurysm. However, this patient had 
reduced visual acuity (20/50), which is atypical for glau-
coma and color vision, which is also often reduced, was 
not reported. Moreover, Ahmed et al31 presented a series 
of 4 of 62 patients (6.5%) of patients thought to have 
normal tension glaucoma who had compressive lesions 
of the anterior visual pathways. However, since only the 
visual fields and optic nerve photographs were provided, it 
is not known whether the patients had reduced visual 
acuity, colour vision or other clinical signs to suggest 
a compressive optic neuropathy that would prompt neuroi-
maging. Some patients may have both glaucoma and 
a lesion in close proximity to the anterior visual pathways 
that are incidental in nature. This requires special attention 
since patients may undergo unnecessary decompressive 
surgery. For example, Blumenthal et al17 presented 
a case of an 87-year-old man with an early superior arcu-
ate defect in the right eye and cup-to-disc ratios of 0.8 OD 
and 0.6 OS, but showed an MRI image where there was 
barely contact with the optic chiasm, which would not be 
expected to have any effect on vision. The intraocular 
pressure was reported to be 16 mm Hg or less in all visits, 
but the central corneal thickness was not reported.

Even the best clinicians may have difficulty differentia-
tion compressive optic neuropathies from glaucoma. 

Kalenak et al26 reported the case of a 66-year-old man 
who was initially found to have 20/20 vision in both eyes 
with an inferonasal step in the right eye with corresponding 
deep cupping of the right optic disc. There was a clear 
asymmetry in the optic disc photos and MRI revealed an 
anterior clinoid meningioma. Micieli and Margolin reported 
3 patients who had significant compression of the optic 
nerve by a tortuous or dolichoectatic internal carotid artery 
and optic disc cupping without pallor of the remaining 
neuroretinal rim.32 All these patients had preserved visual 
acuity, IOP less than 21mmg Hg, open angles, and visual 
field defects that were typical for glaucoma. This suggests 
that it may not always be possible to differentiate glaucoma 
from compressive optic neuropathies on purely clinical 
grounds and MRI may be required. Some have supported 
a theory that vascular compression of the optic nerve by the 
internal carotid artery may account for a number of cases 
classified as normal tension glaucoma.33,34

The issue of when to obtain neuroimaging to detect 
a compressive optic nerve lesion in a patient with cupping 
of the optic nerve has been previously studied. Greenfield 
et al35 enrolled 29 consecutive glaucoma patients with 
normal intraocular pressure who underwent MRI or CT 
as part of their diagnostic evaluation and 44 patients with 
nonglaucomatous cupping. They reported that visual 
acuity less than 20/40, vertically aligned visual field 
defects, optic nerve pallor in excess of cupping and age 
younger than 50 years were specific signs (77%, 81%, 
90%, and 93%, respectively). For patients with glaucoma, 
the optic nerve changes should correspond to the visual 
field defect. For example, a patient with an inferior notch 
of the optic nerve should have a corresponding superior 
visual field defect (Figure 2). However, if there exists 
a mismatch between the degree of optic disc cupping and 
the degree of vision field loss or there is visual acuity loss 
out of proportion to the optic disc cupping, a compressive 
optic neuropathy or other non-glaucomatous optic neuro-
pathy should be suspected. Some patients may have anom-
alous or hypoplastic optic nerves, and this may make 
cupping difficult to appreciate in patients with visual 
field defects resembling glaucoma and neuroimaging 
should be considered in these patients.36

Hereditary, Toxic and Nutritional Optic 
Neuropathies
Cupping has been described in hereditary optic neuropathies 
(such as Dominant Optic Atrophy28 and Leber’s Hereditary 
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Optic Neuropathy20,28,37–41), toxic optic neuropathies42–45 

and nutritional optic neuropathies.46 It has been hypothe-
sized that mitochondrial dysfunction found in hereditary 
optic neuropathies may be involved in the underlying 
mechanism in both normal-tension glaucoma and primary 
open-angle glaucoma, accounting for the similarities in the 
morphologic features of the optic nerve.47 Hereditary, toxic 
and nutritional optic neuropathies typically do not mimic 
glaucoma since they primarily affect central vision (glau-
coma spares central vision until later stages), they affect 
colour vision (glaucoma spares colour until the end) and 
they are typically bilateral.48 Particularly in the later stages 
of disease, hereditary, toxic and nutritional optic neuropa-
thies become more difficult to differentiate from glaucoma 
due to the increased excavation of the optic disc (Figure 3).

All hereditary and nutritional/toxic optic neuropathies 
have selective involvement in the papillomacular bundle, 
leading to temporal pallor of the optic disc and visual field 
defects of central or cecocentral scotomas.48 O’Neil et al47 

showed that although hereditary optic neuropathies exhibit 
cupping similar to that in glaucoma, shallow cups were 
more common in patients with Dominant Optic Atrophy 
(34%) and LHON (49%) compared to patients with glau-
coma (9%).

The most common hereditary optic neuropathy is domi-
nant optic atrophy (DOA). Fournier et al49 found that 89% 
of patients with DOA had significant cupping of the optic 
disc in at least one eye (>0.5 cup-to-disc ratio). This study 
also found a temporal wedge-shaped area of excavation in 
78% of eyes with DOA. Kim et al50 found that optical 
coherence tomography could be used to accurately distin-
guish eyes with DOA from glaucoma by the pattern of 
retinal nerve fibre layer damage. The temporal measure-
ments were outside of the 95% normal limit in 91% of 
eyes with DOA, and the pattern of damage was symmetrical 
bilaterally. A typical case of this is shown in the Figure 3.

Leber’s Hereditary Optic Neuropathy (LHON) typi-
cally presents with painless, bilateral vision loss that may 

Figure 2 A comparison of glaucomatous (A) and non-glaucomatous cupping due to compression from a planum sphenoidale meningioma (B). Patient A has primary open 
angle glaucoma and inferior notches that correspond to the superior visual field defects in both eyes. Patient B was mistakenly diagnosed with glaucoma, but there is 
temporal pallor of the neuroretinal rim and the visual field defects cannot be well-correlated to the optic disc changes.
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be sequential or simultaneous. Fundoscopy can show 
a mildly hyperemic optic disc with peripapillary telangiec-
tatic vessels; however, funduscopic abnormalities can be 
absent in up to half of patients with LHON.48,51 Eyes with 
previous LHON have been shown to have a significantly 
larger disc area, cup-to-disc ratio, and thinner retinal nerve 
fibre layer thickness compared with controls.52

Toxic optic neuropathies may occur after the use of 
medications, such as ethambutol, linezolid or toxic sub-
stances such as methanol with symptoms usually appear-
ing 12–24 hours after exposure with respect to methanol.44 

Masvidal et al53 reported a case of a 55-year-old man with 
ethambutol optic neuropathy with cupped optic discs bilat-
erally, and disc pallor. After discontinuation of the 

medication, visual acuity improved from 20/30 to 20/70 
in both eyes, however optic disc pallor and cupping 
remained. Stelmach et al42 reported a case of a 17-year- 
old that developed sudden-onset visual failure following 
ingestion of methanol. The dissolution of methanol pro-
duces formaldehyde, which then converts to formic acid, 
causing necrosis of the optic nerve and retinal ganglionic 
cells.54 Fundus examination on presentation showed 
venous engorgement and bilateral optic disc hyperemia, 
and subsequently showed optic disc atrophy and glau-
coma-like cupping.

Toxic optic neuropathy is one of the most common 
forms of non-glaucomatous optic disc cupping in younger 
age patients, especially in the Middle East. After the 

Figure 3 An 18-year-old man with dominant optic atrophy (DOA). The fundus photographs (top panel) show optic nerves with temporal pallor and there is dropout of the 
retinal nerve fiber layer in the papillomacular bundle. Optic coherence tomography of the retinal nerve fiber layer (bottom left panel) shows loss of the temporal portion of 
the optic nerves. Optical coherence tomography of the macular ganglion cell layer-inner plexiform layer shows diffuse atrophy in both eyes.

https://doi.org/10.2147/EB.S272343                                                                                                                                                                                                                                    

DovePress                                                                                                                                                                                

Eye and Brain 2021:13 260

Waisberg and Micieli                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


COVID-19 pandemic, multiple methanol toxicity out-
breaks in these countries were noted with concomitant 
toxic optic neuropathies. Due to high stigma of alcohol 
intake in these societies, taking a good history is valuable 
in diagnosis and avoiding glaucoma evaluation and unne-
cessary treatments. Many case reports and case series of 
optic disc cupping due to methanol toxicity have been 
reported in recent years from these countries.55–58

Nutritional-deficiency optic neuropathy (NON) causes 
a progressive loss of vision, and in the early stages of the 
deficiency, the optic disc may appear normal or slightly 
hyperemic and optic atrophy occurs in later stages (appear-
ing as temporal pallor).46,59 Senthil et al46 reported 3 cases 
referred to as normal tension glaucoma but were ultimately 
diagnosed with nutritional-deficiency optic neuropathy. All 
patients in their series had enlarged cup-to-disc ratios and 
OCT RNFL showed thinning that involved the vertical 
segments of the optic disc. However, all patients had 
noticeable dropout of the papillomacular bundles and cor-
responding pallor of the temporal optic disc. The central 
scotomas and reduced color vision of each patient were 
also not consistent with glaucoma, indicating that the 
diagnosis could be made on clinical grounds.

Inflammatory
Optic neuritis20,60–62 typically results in painful subacute 
vision loss and is a result of demyelination. It can be 
idiopathic or seen in the context of neurological condi-
tions, such as multiple sclerosis or neuromyelitis optica 
spectrum disorders.63 Rath et al62 studied consecutive 
optic nerves of 35 patients with non-arteritic anterior 
ischemic optic neuropathy (NAION) and 24 eyes with 
optic neuritis. They found that the pattern of pallor was 
also helpful in differentiating NAION from optic neuritis 
as the former typically had altitudinal segmental pallor, 
whereas optic neuritis tended to have temporal pallor. 
Using optical coherence tomography, Rebolleda et al61 

studied 50 patients that had a single episode of unilateral 
optic neuritis and compared them to healthy controls. They 
found that OCT measured cup-to-disc ratios that were 
greater in the affected eye by an average of 0.12. 
However, it should be kept in mind that the cup-to-disc 
ratio obtained by OCT tends to be higher than that found 
by slit-lamp evaluation.64,65 It was not surprising that this 
study also found that the cup-to-disc ratio was inversely 
correlated with visual acuity and the OCT RNFL average 
thickness. Zhang et al20 reported the cases of four patients 
with optic neuritis presenting with diffuse optic disc 

cupping. In many of these patients, optic disc pallor and 
excavation of the optic disc were also seen. An example of 
patient with optic disc cupping after optic neuritis is seen 
in Figure 4.

Ischemic
Ischemic optic neuropathy is the loss of function of 
a portion of the optic nerve due to ischemia and is cate-
gorized as anterior or posterior and arteritic and non- 
arteritic. Anterior ischemic optic neuropathies present 
with optic disc edema in the acute period and are far 
more common than posterior ischemic optic neuropathies, 
which are almost always seen in giant cell arteritis or post- 
non-ocular surgeries. Arteritic refers to a vasculitis and 
this is most often giant cell arteritis. Hayreh3 hypothesized 
that three factors are responsible for optic nerve cupping in 
ischemic optic neuropathy: 1) destruction of prelaminar 
neural tissue, 2) retrolaminar fibrosis causing backward 
bowing of the lamina cribrosa and 3) destruction of lami-
nar neural tissue and weakness of laminar connective 
tissue. As previously mentioned, cupping occurs more 
often and to a greater degree in arteritic anterior ischemic 
optic neuropathy (AAION) compared to NAION.8

In arteritic anterior ischemic optic neuropathy66–69 

(AAION), optic nerve cupping is a well-recognized out-
come. Danesh-Meyer et al68 conducted an observational 
case series on 92 eyes of with AAION and 113 eyes with 
NAION and found optic nerve cupping in 85 of 92 (92%) 
of AAION eyes compared to 3 of 113 (2%) of eyes with 
NAION. In the AAION group, the cup-to-disc ratio was of 
the normal eye was on average 0.33 compared to 0.85 mm 
in the affected eye. The NAION optic discs were classified 
as having segmental pallor (72%) or diffuse pallor (28%) 
rather than prominent cupping. This study made it very 
clear that the end-stage optic disc appearance is very 
different in AAION compared to NAION and an example 
of this is shown in Figure 5 of patients with AAION and 
NAION. It is thought that there is preservation of some 
blood flow in NAION since the pathophysiology likely 
involves transient hypoperfusion of the optic nerve head. 
This is in contrast to giant cell arteritis and AAION, which 
involves more dramatic ischemia likely involving occlu-
sion of the posterior ciliary arteries and even the ophthal-
mic artery in some cases. It is also possible that the 
“disc-at-risk”, the optic nerve with a small or absent phy-
siologic cup, considered a necessary substrate for NAION, 
may make it more difficult to appreciate cupping. 
However, the very low recurrence rate of NAION in an 
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eye is likely related to a small increase in the cup-to-disc 
ratio seen with optic atrophy in this setting, resulting in the 
absence of a “disc-at-risk”. Indeed, Contreras et al70 

reported that following the development of NAION, 48% 
of eyes had a cup-to-disc ratio that differed from the 
fellow eye by more than 0.1.

An assessment of cupping by the minimum rim width at 
Bruch’s membrane opening (MRW-BMO) is a metric that 

has shown value in differentiating glaucomatous and non- 
glaucomatous optic neuropathies including ischemic optic 
neuropathies. Leaney et al71 compared 27 patients with nor-
mal tension glaucoma to 54 patients with non-glaucomatous 
optic neuropathies, including 22 with ischemic optic neuro-
pathy. They determined the MRW-BMO using Spectralis 
OCT scans and found that MRW-BMO measures had 
a high level of sensitivity and specificity for differentiating 

Figure 4 (A) Optic disc photographs of a 37-year-old woman who had idiopathic left optic neuritis. This photograph demonstrates an enlarged cup-to-disc ratio and pallor 
of the neuroretinal rim in the left eye. This photograph was taken 10 years after the initial optic neuritis attack. (B) Optical coherence tomography of the retinal nerve fiber 
layer shows left superior, inferior and temporal atrophy and the ganglion cell analysis (C) shows diffuse atrophy in the left eye.
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non-glaucomatous optic neuropathies from glaucoma. When 
comparing glaucomatous optic neuropathies to ischemic 
optic neuropathies, the positive and negative predictive 
values were 0.77 and 0.70, respectively. Similarly, Resch 
et al72 found that patients with NAION had significantly 
larger global BMO-MRW values compared to patients with 
glaucoma.

Posterior ischemic optic neuropathy (PION) is a much 
rarer form of ischemic optic neuropathy and is considered 
a watershed infarct in a vulnerable arterial territory. 
Specifically, this is the pial capillary plexus that surrounds 
the optic nerve and is derived from collateral branches of 
the ophthalmic artery. In the acute setting, the optic nerve 
appears normal in those with PION and pallor is thought to 
be a characteristic chronic feature. Like anterior ischemic 
optic neuropathy, PION can be arteritic (related to GCA) 
or non-arteritic (typically related to post-operative vision 
loss). Hayreh reported that there was no difference in the 
optic disc pallor among the different types of PION and in 
a retrospective study of 42 patients with non-arteritic 
PION, an increased cup size was found in 2 eyes.73 

Significant cupping in non-arteritic PION is mainly limited 
to case reports and considered rare.74

Other Optic Neuropathies (Infection, 
Traumatic)
Optic neuropathies other than compressive, hereditary, 
inflammatory, and ischemic are much rarer in the 
Western world. Case reports of other types of optic neu-
ropathies with prominent cupping in the later stages of the 
disease have been reported, however. These include infec-
tious optic neuropathies, particularly those caused by 
syphilis. Mansberger et al75 presented a case of a 52-year- 
old woman with a history of neurosyphilis and chorioreti-
nitis who was referred for optic disc cupping and worsen-
ing vision. She had been treated with intramuscular 
penicillin-G 4 years prior, but it remained unknown 
whether this was truly a change produced by syphilis. 
Rosdahl et al76 reported the case of a 49-year-old man 
with neurosyphilis presenting with symmetric optic nerve 
cupping, significant temporal thinning of the RNFL and in 
the macula and loss of macular thickness in the superior 

Figure 5 A comparison of optic disc cupping in arteritic anterior ischemic optic neuropathy (AAION; A) compared to non-arteritic anterior ischemic optic neuropathy 
(NAION; B) six months after the acute insult. Both patients had optic disc pallor in the right eye. Notice the much more extensive cupping in the AAION case compared to 
the NAION case.
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hemisphere of the left eye. However, it is not known as to 
when these visual field defects were truly from syphilis or 
whether he had optic disc cupping related to glaucoma and 
also had syphilis. Traumatic optic neuropathy may also 
result in cupping, but evidence is limited to case reports. 
Powell et al77 reported the case of a 41-year-old male with 
a unilateral optic neuropathy following a medial orbital 
wall fracture. Examination revealed optic nerve pallor in 
the right eye, a significant visual field defect in the right 
eye, asymmetric cupping of the optic nerve, and an asym-
metric colour deficit.

Congenital Causes
Hypoxic ischemic encephalopathy (HIE) is a dysfunction 
caused by oxygen deprivation in the brain of a newborn.78 

Hypoxic ischemic damage to periventricular white matter 
can result in periventricular leukomalacia, which is 
a major cause of visual impairment in children born 
preterm.79 Periventricular leukomalacia80,81 (PVL) has 
been reported to cause glaucoma-like cupping in several 
cases. Jacobson et al79 proposed that early PVL (occur-
ring before 28 weeks of gestation) may be associated 
with small-sized optic discs, while lesions after 28 
weeks of gestation are associated with large cupping 
and reduced area of the neuro-retinal rim. PVL is 
believed to cause glaucoma-like cupping due to trans- 
synaptic degeneration, which occurs after damage to the 
retrogeniculate pathways during the perinatal period.78 

Optic atrophy in periventricular leukomalacia may 
occur due to damage to the anterior visual pathways. 
Groth et al80 recommended in a clinical review of two 
PVL patients to differentiate PVL-related cupping from 
glaucoma using the features of: horizontal cupping, 
a patient history of premature birth, minimal nasal dis-
placement of vessels (or none), and/or inferior visual 
field defects with superior optic nerve thinning.

In optic disc coloboma, a clearly delineated, white, 
bowl-shaped, excavation occupies an enlarged optic 
disc.82 Numerous optic disc colobomas7,83–86 mimicking 
glaucomatous cupping have been reported in the literature. 
Colobomatous cupping can be difficult to differentiate 
from glaucomatous cupping, particularly if accompanied 
by nerve fibre bundle defects.83 Key features to differenti-
ate colobomatous cupping from glaucoma typically 
include: an unusual displacement of vasculature caused 
by the coloboma, presence of amblyopia from a young 
age and the lower half of the disc having the deepest 
cupping.83

Morning glory disc anomaly (MGDA) is characterized 
by a funnel-shaped excavation of the optic nerve head, 
peripapillary atrophy, and retinal vessels emerging from 
the disc edge in an abnormal radial pattern.87 Using OCT 
analysis of a case of isolated MGDA, Srinivasan et al88 

showed an enlarged optic cup and disc with increased retinal 
nerve fiber layer thickness temporally and reduced macular 
thickness. Saraswat et al89 similarly reported an enlarged 
optic cup and disc with RNFL thinning in a patient with 
MGDA, however macular thickness was normal.

Eyes with megalopapilla have enlarged central cups, 
which in rare cases can obliterate portions of the neural 
rim.88 Due to the enlargement of the cup, megalopapilla 
can sometimes be confused with cases of severe glaucoma; 
however, in megalopapilla the disc area is significantly 
larger when compared to glaucomatous eyes.90 The rim 
area of the megalopapilla is also significantly larger than in 
advanced glaucoma.91

High Myopia
Discs with high myopia require special attention, as high 
myopia is a risk factor in primary open-angle glaucoma.92 

Myopia can also cause visual field defects mimicking 
glaucoma in as high as 16.1% of patients.93 Compared to 
normal eyes, myopic eyes typically have an optic disc that 
is: larger, more shallow, oval-shaped, obliquely oriented, 
and presence of neuroretinal rim thinning and peripapillary 
atrophy.94,95

The “crescent moon” sign reported by Kim et al96 is 
a useful screening tool for early detection of glaucoma 
when myopic tilted discs are encountered. The sign is 
defined as a discontinuity between the inferior or superior 
optic rim margin and the temporal optic rim margin, and is 
highly sensitive (90.0–91.4%).

Approach to the Patient with Optic Disc 
Cupping
As outlined above, non-glaucomatous optic neuropathies 
may present with an enlarged cup-to-disc ratio and mimic 
glaucoma. The differentiation involves not only studying the 
appearance of the optic disc but also the patient’s history, 
medical history, family history and visual function need to be 
accounted for. Glaucoma is well known to be asymptomatic, 
particularly in the early to mid-stages, and there should be 
a high suspicion of non-glaucomatous optic neuropathy in 
patients with acute, subacute or progressive vision loss, 
especially in the presence of normal intraocular pressure. 
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A history of systemic symptoms (eg temporal headache, jaw 
claudication) or pain with eye movements suggests a non- 
glaucomatous optic neuropathy. The visual function is also 
very important as glaucoma is well known to produce char-
acteristic visual field defects (eg Nasal step and arcuate 
scotoma) and spare color vision until the end. In a patient 
with a visual field defect respecting the vertical meridian or 
color vision loss that is out of proportion to the visual acuity, 
a non-glaucomatous optic neuropathy should be suspected. 
Unilateral or asymmetric damage tends to favor non- 
glaucomatous causes, but unilateral glaucoma is possible 
especially if there is a unilateral process such as pseudoexfo-
liation. Importantly, the optic nerve should be carefully 
assessed for the presence of pallor and the cupping should 
be studied in relation to the visual field. The cupping in 
glaucoma should match the visual field (eg Inferior notch 
should have a superior visual field defect) and if the visual 
field defect appears out of proportion to the degree of cup-
ping, a non-glaucomatous optic neuropathy is more likely. 
Some circumstances may be difficult, including those with 
anomalous, hypoplastic optic nerves or those with end-stage 
disease (complete cup and severely compromised vision). 
These patients often require magnetic resonance imaging of 
the orbits with contrast to assess for compression of the 
anterior visual pathways and blood work targeted at their 
history and examination (eg erythrocyte sedimentation rate 
and C-reactive protein in patients with symptoms suggestive 
of giant cell arteritis). Even if the initial presentation is 
ambiguous, the temporal evolution of the patient such as 
rapid progression, improvement or stability will also lend 
clues to the diagnosis. For example, progression of visual 
function despite normal or low intraocular pressures is unu-
sual for glaucoma and a non-glaucomatous optic neuropathy 
should be considered. Finally, collaborative work is impor-
tant, and an opinion from a neuro-ophthalmologist or glau-
coma specialist should be obtained when the diagnosis is in 
doubt since these specialists tend to have more expertise in 
evaluating optic neuropathies.

Conclusion
Non-glaucomatous cupping can be seen in a variety of 
disorders, particularly compressive optic neuropathies, 
arteritic anterior ischemic optic neuropathies, toxic optic 
neuropathies, hereditary optic neuropathies, and optic 
neuritis. The patients’ history, examination and ancillary 
testing such as optical coherence tomography are useful in 
making this differentiation. Detailed assessment of the 
optic nerve in relation to the visual function is critical as 

glaucomatous cupping should directly correlate to the 
visual field deficits. In difficult cases, referral to experts, 
such as neuro-ophthalmologists, may be required and addi-
tional investigations such as magnetic resonance imaging 
and ancillary blood testing to uncover the underlying 
cause.
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