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Learning objectives
The radiologic investigation of the optic nerve plays an integral part in the diagnostic
evaluation of diverse lesions of the optic pathways including inflammatory diseases,
vascular disorders and benign and malignant tumors and these radiologic modalities
consist principally of CT and MR imaging and, in vascular lesions, MR angiography and
conventional angiography.
This study discusses the radiologic, clinical, and pathologic evaluation of the optic nerve.

Background
The optic nerve is the second of twelve paired cranial nerves. It is composed of retinal
ganglion cell axons and support cells.
It leaves the orbit via the optic canal, running postero-medially towards the optic chiasm,
where there is a partial decussation of fibres from the temporal visual fields (the nasal
hemi-retina) of both eyes. Most of the axons of the optic nerve terminate in the lateral
geniculate nucleus from where information is relayed to the visual cortex in the occipital
lobe, while other axons terminate in the pretectal nucleus and are involved in reflexive
eye movements. Other axons terminate in the suprachiasmatic nucleus and are involved
in regulating the sleep-wake cycle.
MRI represents the primary modality for imaging the optic nerve and orbital soft tissues.
It's useful in the evaluation of:
•
•
•
•

compressive lesions
inflammatory and demyelinating lesions
infarction and ischemia
infection

MR imaging was performed with a 1.5-T MR system with the use of a head coil. MR
images through the orbits and anterior visual pathways were obtained in the coronal and
axiual planes using:
•
•
•

T1-weighted sequences, used to evaluate anatomy Fig. 1 on page 3
T2-weighted sequences, used to evaluate edema resulting from pathologic
processes Fig. 2 on page 3
Short Tau Inversion Recovery (STIR), used for better detection of optic
nerve lesions Fig. 3 on page 4
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•

Fat saturation/T1 post-contrast sequences, used for better visualization of
contrat uptake Fig. 4 on page 5

Images for this section:

Fig. 1: T1 Axial: note the hypointense (dark) signal from the vitreous, also note the gray
matter is gray and white matter is white in the brain tissue
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Fig. 2: T2-sequences: optic nerve normal anatomy
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Fig. 3: Coronal STIR images

Page 5 of 27

Fig. 4: T1 axial with contrast with fat suppression (the lateral rectus and the medial rectus
both becoming hyperintense due to presence of contrast however, the optic nerve no).
Also note complete blockage of white signal from the orbital fat
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Findings and procedure details
The optic neuropathy may be caused by any of the following:
•
•
•
•
•
•
•

Ischemic optic neuropathy
Optic neuritis
Compressive optic neuropathy
Traumatic optic neuropathy
Inflammatory/infectious optic neuropathy
Toxic optic neuropathies
Hereditary optic neuropathies

ISCHEMIC OPTIC NEUROPATHY:
ION is one of the most prevalent and visually crippling diseases in the middle-aged and
erderly population. It is an acute ischemic condition caused by interruption of blood flow
in the ophthalmic artery and or its branches resulting in varying degrees of blindness.
ION is classified into anterior (AION) and posterior (PION) according to the affected part
of the optic nerve. AION is manifested by pale edema of the optic disk and peripapillary
hemorrharage. PION is retrobulbar involving the optic nerve and or optic chiasm, but the
optic disk is not initially swollen. AION is characterized by a sudden, painless, monocular
loss of vision and monocular visual field defects.
The role of MR imaging in the assessment of acute visual loss is primarily to rule out
nonischemic disorders such as demyelination or mass lesions compressing the optic
nerve. DWI imaging can be used in establishing the diagnosis of acute ischemic injury
involving any portion of CNS. Because the optic nerve is an extension of the CNS, the
pathophysiology of acute optic nerve ischemia is expected to be similar to that seen in
the brain, with cell swelling and restriction of water diffusion leading to reduction in signal
intensity on ADC. Fig. 5 on page 12

OPTIC NEURITIS:
Optic neuritis is believed to develop when the immune system mistakenly targets the
substance (myelin) covering your optic nerve, resulting in inflammation and damage to
the myelin. Normally, the myelin helps electrical impulses travel quickly along the optic
nerve, from the eye to the brain. In the brain, those electrical impulses are converted into
visual information. Optic neuritis disrupts this process, affecting vision.
Optic neuritis clinically presents with visual loss and pain. It is most commonly a
demyelinating disorder, and there is a strong association with multiple sclerosis, with
38% of patients presenting with isolated optic neuritis developing MS in the following 10
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years. Other associations include Devic's disease (optic neuritis and myelopathy, distinct
from MS).
MR imaging serves to confirm the clinical diagnosis, and assess the brain for evidence
of demyelination. The affected optic nerve is of high signal on T2W images, with minimal
expansion. Fig. 6 on page 12
There is frequently mild contrast enhancement. Fig. 7 on page 13
One or more white matter lesions seen in the brain correlates with a 56% risk of
developing clinical MS within 10 years. With no white matter lesions seen, this risk is
22%. MRI findings are useful to guide therapy, including the early use of interferon #.

Other autoimmune conditions, such as sarcoidosis (Fig. 8 on page 14) and systemic
lupus erythematosus, have also been associated with optic neuritis.

Not all potential causes of optic neuritis are autoimmune diseases. Other factors that
have been linked to the development of optic neuritis include:
INFECTIONS:
Bacterial infections, including Lyme disease, cat scratch fever (Fig. 9 on page 15) and
syphilis, or viruses such as measles, mumps and herpes can cause optic neuritis.
CRANIAL ARTERITIS:
This is an inflammation of the lining of the arteries in your head. Inflamed cranial arteries
can block blood flow to your eyes and brain, which may cause permanent vision loss or
a stroke. Cranial arteritis is most likely to occur in adults ages 70 to 80.
Giant-cell arteritis is an in#ammatory disease of blood vessels most commonly involving
large and medium arteries of the head, predominately the branches of the external carotid
artery.
Blindness is a feared complication, mostly caused by anterior ischaemic optic
neuropathy. Magnetic resonance imaging (MRI) has started to play a role in the diagnosis
of giant cell arteritis. Evidence
of arteritis involving the super#cial temporal arteries with mural thickening (Fig. 10 on
page 16) and even the ophthalmic arteries can be seen on MRI. Optic perineuritis is
a rare association with giant cell arteritis (Fig. 11 on page 18).
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DRUGS:
Some drugs have been associated with the development of optic neuritis. One of these
drugs is ethambutol (Myambutol), which is used to treat tuberculosis.
RADIATION THERAPY.
Radiation to head is an uncommon cause of optic neuritis.

COMPRESSIVE OPTIC NEUROPATHY:
Compressive lesions within the orbit, the optic canal and, rarely, intracranially, may result
in optic neuropathy.
Within the orbit, mass lesions that compress the proximal optic nerve and
produce optic disc swelling include optic gliomas, meningiomas, hamartomas,
pituitary macroadenomas, malignancies (e.g., carcinoma, lymphoma, sarcoma, multiple
myeloma) and arachnoid cysts of the optic nerve sheath.
Additionally, inflammatory disordes such as idiophatic inflammatory sindrome and thyroid
ophthalmopathy can result in compressive optic neuropathies.
In most cases of anterior compressive optic neuropathy, there is progressive visual loss
associated with proptosis; however, in many patients, visual acuity remains near normal,
visual field loss is mild and there is virtually no externa evidence of orbital disease despite
obvious disc swelling.

OPTIC NERVE MENINGIOMA:
An optic nerve meningioma is a benign tumour arising from the optic nerve sheath, and
represents 10-30% of all orbital meningiomas.
Clinical presentation is with a combination of visual loss and proptosis. Meningiomas
of the optic nerve sheath have the same imaging characteristics as meningiomas
elsewhere.
MRI image allows to delineate posterior extension. Imaging should include thin axial
and coronal (+/- sagittal) T1, fat suppressed T2 and fat suppressed post contrast T1
sequences.
•
•

T1 : isointense to somewhat hypointense compared to the optic nerve
T1 C+ (GAD) : homogeneous enhancement
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•

T2 : isointense to somewhat hyperintense compared to the optic nerve Fig.
12 on page 18

OPTIC NERVE GLIOMA:
Optic nerve gliomas are relatively uncommon tumours, with variable clinical course and
often seen in the setting of neurofibromatosis type I. (NF1).
Optic nerve gliomas typically present in children, and often in the setting of NF1. In this
setting, the tumours are often low grade and indolent.
Decreased vision is usually evident and can be documented with visual field examination
if the child is old enough. Eventually mass effects will also occur, with proptosis and
even intracranial sequelae including symptoms of raised intracranial pressure, focal
neurological deficits and hydrocephalus from distortion of the midbrain.
MRI is the modality of choice to diagnosis and assessment of the posterior extent of the
tumour.
•
•
•

T1 - enlargement, often iso to hypointense compared to the contralateral
side
T1 C+ (Gd) - enhancement is variable
T2
•
hyperintense centrally
•
low signal at the periphery representing the dura Fig. 15 on page
19

PITUITARY MACROADENOMA:
The literature contains several reports concerning edemalike change along the optic
pathway in association with suprasellar tumors such as craniopharyngioma, pituitary
adenoma and meningioma.
As far as the management of pituitary macroadenoma is concerned,
visual acuity disturbance is an important factor, and, as a result,
related diagnostic imaging findings are also of consequence.
Hyperintensity of the optic nerves ventral to the pituitary macroadenoma was associated
with visual acuity impairment. Fig. 18 on page 20
MR imaging of the optic nerves can provide valuable information for management of
pituitary macroadenoma.

ORBITAL INFLAMMATORY SYNDROME
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Inflammatory conditions involving the orbit, including abscesses and the nonspecific
condition called idiopathic inflammatory pseudotumor, may cause anterior compression
of the proximal optic nerve and secondary disc swelling. CT and MR scanning usually
show thickening and enhancement of normal tissues or a mass lesion. Fig. 13 on page
21

THYROID EYE DISEASE:
Approximately 6% of patients with thyroid eye disease develop evidence of a
compressive optic neuropathy, some associated with optic disk swelling. Dysthroid optic
neuropathy is a compressive optic neuropathy caused by pressure on the optic nerve
by enlarged extraocular muscles. In such patients, congestive symptoms almost always
precede visual loss, which is usually bilateral, symetric and gradual in onset.
CT is the most commonly used modality, due to its widespread availability and rapid
image acquisition. The order of extraocular muscle involvement can be remembered by
the mnemonic I'M SLOW, and bilateral (76-90%) and symmetric (70%) involvement is
typical. This appearance if often referred to as 'coke bottle' in nature ( coca cola bottle
sign), given its resemblance to the classic coca-cola bottle.
When muscle involvement is pronounced the optic nerve may be crowded at the orbital
apex, leading to optic nerve dysfunction. Fig. 14 on page 21

TRAUMATIC OPTIC NEUROPATHY
The optic nerve can be damaged when exposed to direct or indirect injury. Direct optic
nerve injuries are caused by trauma to the head or orbit that crosses normal tissue planes
and disrupts the anatomy and function of the optic nerve. Indirect injuries transmit force
to the optic nerve without transgressing tissue planes.
The most common site of injury of the optic nerve is the intracanalicular portion of the
nerve.
The hallamrk of a traumatic optic neruopathy is a loss of visual functiona, which can
manifest by subnormal visual acuity, visual field loss or color vision dysfunction.
Best diagnostic test is thin-slice CT scan of the nose, sinuses and orbits. CVT scanning
provides adequate imaging of orbital soft tissue and is better than MRI at delineating bony
defects. Fig. 16 on page 22 Fig. 17 on page 23
It provides an intraoperative road map for the surgeon in patients who require surgical
decompression and can be used for image guided endoscopic surgery.
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HEREDITARY OPTIC NEUROPATHIES
The inherited optic neuropathies typically manifest as symmetric bilateral central visual
loss. Optic nerve damage in most inherited optic neuropathies is permanent and
progressive.
Leber's hereditary optic neuropathy (LHON) is the most frequently occurring
mitochondrial disease, and this inherited form of acute or subacute vision loss
predominantly affects young males. LHON usually presents with rapid vision loss in one
eye followed by involvement of the second eye (usually within months).
MRI can show symmetrical (or asymmetrical) thinning of the optic nerves in introorbital
regions consistent with hereditary optic atrophy (Fig. 19 on page 24), or uni or bilateral
increased optic nerve signal using STIR sequences.
Images for this section:

Fig. 5: A. Diffusion-weighted image shows much higher signal intensity in the left optic
nerve compared with the right. B, ADC image shows decreased signal intensity in the
left optic nerve proving that the higher signal intensity in the left optic nerve on DWI is
due to restriction in water diffusion.
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Fig. 6: This patient presented with unilateral visual loss. This T2-weighted fat-saturated
coronal image shows high signal in the left optic nerve, consistent with optic neuritis
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Fig. 7: Coronal T1 FSE with contrast. There is enhancement of the right and left optic
nerves, findings compatibles with a diagnosis of bilateral optic neuritis
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Fig. 8: Optic nerve sarcoidosis. Contrast-enhanced fat-saturated T1-weighted axial
image shows enhancement of entire visible portions of both optic nerves in orbit and optic
canals (arrowheads).
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Fig. 9: 20-years-old woman with findings of optic neuroparthy due to cat scratch fever.
Axial (A) and coronal (B) gadolinium-enhanced fat-suppressed T1-weighted images
show significant bulging of the right optic disk (arrow, A) associated with severe
enhancement at the optic nerve-globe junction (arrow, A and B)
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Fig. 10: Fat suppressed T2-weighted images in coronal plane show hyperintensity
representing in#ammatory changes surrounding the left super#cial artery. The mural
hyperintensity also indicate in#ammation of vessel wall seen in arteritis

Fig. 11: Post gadolinium fat suppressed VIBE T1-weighted in axial plane showing
bilateral optic perineural enhancement (arrows) consistent with optic perineuritis.
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Fig. 12: A, T1-weighted axial MR image of the orbits shows a fusiform mass of
intermediate signal intensity involving the right intraorbital optic nerve. The mass
encroaches on the medial rectus muscle. Mild right proptosis is present. B, Balanced
axial MR image of the orbits shows that the mass is isointense to the temporal lobe
cortex and can be distinguished from the optic nerve. C, The mass remains isointense
to the temporal lobe cortex on the T2-weighted axial MR image of the orbits. D, Fatsuppressed contrast-enhanced T1-weighted axial MR image of the orbits shows uniform
enhancement of the mass. E, Axial diagram of orbits shows tumor surrounding the right
intraorbital optic nerve (arrowheads) and extending through the optic nerve sheath to
encroach on the optic nerve (arrows). F, Fat-suppressed contrast-enhanced T1-weighted
coronal MR image of the orbits shows the enhancing tumor surrounding and encroaching
on (arrow) a nonenhancing optic nerve.
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Fig. 15: Optic nerve glioma in NF1. Fusiform enlargement of the left optic nerve low signal
on T1 and high signal on T2 with contrast enhancement.
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Fig. 18: 42-year-old woman whose disease duration was 6 months. Right visual acuity
disturbance was recognized. A, Pituitary macroadenoma markedly compressed the optic
chiasm especially the right side (white arrows). B Hyperintensity was recognized in the
right optic nerve on T2-weighted image (arrow).

Fig. 13: Orbital inflammatory sindrome: (D): axial T1-weighted image shows an
isointense ovoid intraconal mass (arrow). (E): axial T2-weighted image slight
hypointensity compared with parenchyma (arrow). (F): axial DWI shows even greater
hypointensity compared with brain parenchyma (arrow)

Page 21 of 27

Fig. 14: Thyroid associated orbitopathy
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Fig. 16: Axial CT section through the optic nerves in a patient with trauma showing
fracture in the posterior part of the lateral wall of the right orbit and the fracture fragment
is causing compression on the optic nerve at the optic canal (arrow). Note the normal
wide optic canal on left side (arrow head).
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Fig. 17: Sagittal image showing the bony fragment compressing on the optic nerve.
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Fig. 19: Lebers variety of hereditary optic atrophy
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Conclusion
Neuro-imaging of the optic nerve generally is obtained as an adjunctive tool to improve
the diagnostic accuracy of conditions that cause optic neuropathies, such as inflammatory
disease, vascular disorders, and benign and malignant tumors that afflict the optic
pathways.
These radiologic methods consist principally of computed tomography and magnetic
resonance imaging, that can help to localize and characterize these diverse types of
pathology, and, in vascular lesions, magnetic resonance angiography and conventional
angiography
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