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INTRODUCTION 

• ON consists of retinal ganglion cell axons and glial cells.

• Contiguous with the brain  similarities in diseases affecting the CNS eg. MS, 

meningioma.

• Vulnerable to disease processes extending from adjacent structures, eg. 

infections (sinuses), neoplasms, ↑ ICP.
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TOPOGRAPHY



TOPOGRAPHY

• The optic nerve is embryologically derived 

from the optic stalk and is continuous with 

the optic tract in the brain. Therefore, 

many diseases of the optic nerve reflect 

those of the central nervous system (CNS). 

• The optic nerve measures 35–55 mm, 

extending from the eye to the optic 

chiasm, where the fibers decussate; from 

there, the fibers continue until they synapse 

in the lateral geniculate nucleus. 



TOPOGRAPHY

The optic nerve is divided into 4 

topographic areas:

• Intraocular (0.7–1.0 mm)  optic disc

• Intraorbital (25–30 mm

• Intracanalicular (4–10 mm)

• Intracranial (average = 10 mm)



TOPOGRAPHY

• Optic disc 

clinically visible 

portion inside 

the eye vs optic 

nerve head 

(ONH) 

anterior to the 

lamina cribrosa.



TOPOGRAPHY

• The optic nerve consists of retinal ganglion 

cell axons and glial cells.

• Glial cells (glia = glue), including 

oligodendrocytes, astrocytes, and 

microglial cells  supportive tissue of the 

CNS. 



TOPOGRAPHY

Figure 15-1 

• Longitudinal section of normal optic nerve. 

Axons of the retinal ganglion cells (R) make a 

90° turn to become the axonal fibers of the 

optic nerve  pass through lamina cribrosa

(arrowheads), sclera (S), and become 

myelinated, increasing the diameter of the 

retrolaminar nerve.

• Sclera surrounding the lamina cribrosa is 

continuous with the dura of the optic nerve 

(D). 



TOPOGRAPHY

Increased diameter of the retrolaminar nerve due to 

myeline sheath overlay by oligodendrocytes.



FUNCTIONS OF GLIAL CELLS



TOPOGRAPHY

• The optic nerve is also encased in a meningeal 

sheath consisting of the following: 

1. Dura (merges with the sclera and the bony optic canal 

and the dura of the brain).

2. The cellular arachnoid sheath (and is the continuation of 

the arachnoidea mater around the brain).

3. The fibrovascular pial sheath (the continuation of the 

pia mater around the brain). The pial vessels and 

connective tissue extend into the optic nerve and divide 

the nerve fibers into fascicles.

• Subarachnoid space contains CSF.



TOPOGRAPHY

• Figure 15-2 Cross section through a 

normal optic nerve. The axons of the 

optic nerve are segregated into 

fascicles by the delicate, fibrovascular

pial septa. The nuclei of 

oligodendrocytes, astrocytes, and 

microglia are visible between the 

eosinophilic axons. The subdural space 

(asterisk) is relatively narrow in the 

normal optic nerve.



TOPOGRAPHY

• The vascular supply of the optic nerve maily from pial vessels, which are branches of the 

ophthalmic and superior hypophyseal arteries; the short posterior ciliary arteries mainly 

supply the optic nerve head.



DEVELOPMENTAL ANOMALIES



DEVELOPMENTAL ANOMALIES

Coloboma Pit 



DEVELOPMENTAL ANOMALIES

• Figure 15-3 Optic nerve coloboma. A, Fundus photograph of the right eye shows a colobomatous

defect in the inferonasal optic nerve (arrow). B, Photomicrograph shows gliotic, disorganized retina 

(asterisk) that prolapses into the optic nerve head defect, which is lined by excavated sclera. 

Normal retina, retinal pigment epithelium, and choroid terminate at the edge of the colobomatous

defect (between arrows). 

Defective closure of the embryonic fissure



DEVELOPMENTAL ANOMALIES

• Optic nerve coloboma. Histologically, 

there is a large defect in the optic 

nerve, and atrophic, gliotic retina lines 

the defect (process that leads to scar 

in CNS). The sclera is commonly ectatic

and bowed posteriorly. The defect 

wall may contain adipose tissue and 

even smooth muscle.



DEVELOPMENTAL 
ANOMALIES

• Associated defects with optic 

nerve coloboma



DEVELOPMENTAL ANOMALIES

Optic nerve pit

• Incomplete embryonic fissure closure. 

• Small depression in the optic disc that is associated with a defect in the lamina cribrosa. 

• Histologically, herniation of dysplastic retina into the defect is typically found. 

• Serous macular detachments  25%–75% of eyes with inferotemporal pits.



DEVELOPMENTAL ANOMALIES

• Figure 15-3 Optic nerve pit. C, Fundus photograph shows an optic pit 

(arrowhead) with associated macular edema (arrow). D, Optical coherence 

tomography (OCT) image from the same patient shows an optic pit–associated 

maculopathy with intraretinal cystoid edema (CME) and subretinal fluid.
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INFLAMMATION

•Optic neuritis  Inflammation of the optic nerve

1. Infectious 

2. Noninfectious. 

• Neuritis:

 Isolated 

 Constellation of findings (anterior or posterior segment).



INFLAMMATION

Infectious 
Non-

infectious



1/ INFECTIOUS OPTIC NEURITIS

• The ON maybe involved by spread of inflammatory processes:

1. In the globe: e.g. toxoplasmic retinochoroiditis and endophthalmitis

2. In the skull: meningitis (bact, TB, syph, fungal)  dural sheath and pial

septa spread to ON  affect peripheral part most severely.

3. In the orbit: orbital cellulitis from sinusitis.

Greer
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INFECTIOUS OPTIC NEURITIS

• Spread of infection from adjacent 

structures or as part of a systemic 

infection. 

• Primary bacterial infections: 

1. Bartonella henselae (cat scratch 

disease), 

2. Treponema pallidum 

(neurosyphilis), 

3. Mycobacterium tuberculosis.



INFECTIOUS OPTIC NEURITIS

• Viruses:

1. Herpes simplex (human herpesvirus 1 or 2).

2. Varicella (varicella-zoster virus infection). 

3. Acute disseminated encephalomyelitis (ADEM) is an immune-

mediated demyelinating disease that often follows bacterial or viral 

infection. Histiocytes and microglia remove the damaged myelin, 

and astrocytic proliferation ultimately produces a glial scar, or 

plaque.



INFECTIOUS OPTIC NEURITIS

• Fungal infections:

1. Mucormycosis: (zygomycosis)  direct extension 

from sinus infection. 

2. Cryptococcosis: pulmonary infection 

disseminate to the brain. Direct spread to optic 

nerve and is commonly associated with multiple 

foci of necrosis with little inflammatory reaction 

(Fig 15-4). 

3. Coccidioidomycosis: primary pulmonary infection 

 disseminate to optic nerve and eye, producing 

necrotizing granulomas.

MCQs



INFECTIOUS OPTIC NEURITIS

• Figure 15-4 Cryptococcosis of the 

optic nerve in an 

immunocompromised patient. The 

dura is infiltrated by cryptococcal

organisms (arrows). This yeast has a 

mucopolysaccharide capsule that 

stains red with mucicarmine stain. No 

inflammatory infiltrate is observed.



2/ NONINFECTIOUS OPTIC NEURITIS

• Include classic optic neuritis in the setting of multiple sclerosis, giant cell arteritis 

(GCA), and sarcoidosis. 

• Multiple sclerosis (MS) is a common inflammatory demyelinating disease of the 

CNS that causes optic neuritis. Histologically  similar to those of ADEM, with 

loss of myelin in the retrolaminar optic nerve and sectoral atrophy of the 

ganglion cells in more advanced cases (Fig 15-5). Phagocytosis of myelin and 

axonal debris  astrocytic proliferation & a local plaque is formed.



NONINFECTIOUS OPTIC NEURITIS

• Figure 15-5 Demyelination of the optic nerve. A, Luxol fast blue stain for myelin. The blue staining 

area indicates normal myelin. Note the sectoral absence of myelin in the lower left corner of the optic 

nerve (asterisk), corresponding to a focal area of demyelination. B, Higher magnification. The blue

material (myelin) is engulfed by histiocytes (macrophages).



NONINFECTIOUS OPTIC NEURITIS

• Devic disease (Neuromyelitis optica) 

 Necrotizing lesions in ON, optic chiasm, optic tract and spinal cord.

Greer 



NONINFECTIOUS OPTIC NEURITIS

• Ischaemic optic neuropathy 

 Elderly 

 Acute visual failure in one or both eyes.

 Causes: arteriosclerosis or cranial arteritis involving ciliary vessels 

supplying the anterior portion of ON. Embolism may also occur.

Greer 



NONINFECTIOUS OPTIC NEURITIS

• Giant cell arteritis (GCA) does not cause direct inflammation of the optic nerve 

 systemic inflammatory disorder  optic nerve ischemia  vision loss. 

• It is a chronic granulomatous inflammation of unknown aetiology.

• Inflammation of medium to large arteries. Both sexes are affected mainly > 

60 yrs.

• Symptoms: headache (cranial arteries), jaw claudication, loss wt, low-grade 

fever.

+ Greer 



NONINFECTIOUS OPTIC NEURITIS

• Temporal arteries: thick, nodular, pulseless 

and tender.

• Investigation:

 Histologic diagnosis superficial temporal artery biopsy (Fig 15-6)  2 cm 

specimen (skip lesions).



NONINFECTIOUS OPTIC NEURITIS

• Figure 15-6 Temporal artery biopsy in giant cell arteritis. A, Vascular lumen (arrow) is markedly narrowed by 

intimal edema and inflammation. A prominent transmural inflammatory infiltrate with numerous multinucleated 

giant cells (arrowheads) is observed. B, Elastic stain highlights the diffuse loss of the internal elastic lamina. A 

short segment of the wavy internal elastic lamina remains (arrow). Giant cells (arrowheads) are noted at the 

level of the internal elastic lamina.



NONINFECTIOUS OPTIC NEURITIS

• Histologically, a chronic inflammatory infiltrate is seen in the vessel wall, often 

centered on the internal elastic lamina, resulting in its destruction. 

• Granulomatous inflammation  epithelioid histiocytes and multinucleated giant cells 

(Langhan’s type) & lymphocytes, neutrophils and esinophils. 

• Intima  thickened and fibrotic, with broad disruption of the internal elastic lamina 

 the lumen thrombosed and subsequently recanalized.

+ Greer 



NONINFECTIOUS OPTIC NEURITIS

• Same inflammatory affect the posterior ciliary arteries  occlusion and 

liquefactive necrosis of the optic nerve  inflammation subsides  intima with 

focal loss of the muscularis layer (transmural scarring)  primary finding in a 

biopsy specimen rather than active inflammation.



NONINFECTIOUS OPTIC NEURITIS

• Other investigations: 

 ESR (Westergren) > 50mm in 1st hour

 ↑ CRP

 ↑ Platelet

 Note: -ve temporal artery biopsy does not 

exclude the disease.

 Antinuclear antibody titres raised (autoimmune 

basis).

Greer 



NONINFECTIOUS OPTIC NEURITIS

•Ophthalmoscopic appearance of ON: 

• mild to moderate pallid edematous swelling of disc  progress to OA. 

• +/- Posterior pole retinal edema, attenuated vessels, small haemorrhages 

and CWS.

• Minority: ischemic retina (milky edema) and cherry red spot  CRAO.

• Choroidal vessels  exempt.

Greer 



NONINFECTIOUS OPTIC NEURITIS

• Corticosteroid therapy.

• Temporal artery biopsy within 10–14 days or corticosteroid treatment 

alter histologic findings  inform the pathologist of any corticosteroid 

treatment.

• Bilateral temporal artery biopsies are rarely useful, increasing the yield at 

most by 2%–5%.



NONINFECTIOUS OPTIC NEURITIS

• Sarcoidosis: a systemic disorder that is often associated with retinal, vitreal, 

and uveal lesions (Fig 15-7.

• Characteristic noncaseating granulomas in the eye. 

• But optic nerve lesions may show necrosis.



NONINFECTIOUS OPTIC NEURITIS

• Figure 15-7 Sarcoidosis of the optic nerve. A, Low-magnification: discrete noncaseating

granulomas (arrows). B, Higher magnification: multinucleated giant cells (arrows) in the 

granulomas.



NONINFECTIOUS OPTIC NEURITIS

• Toxic optic neuropathy

 Causes:

Metallic salts (e.g. inorganic mercury, Parathion insecticide banned, acrylamide

found in food like French fries, bread etc), 

Organic solvents (neurotoxins like toluene (used in paint, explosives and glues), 

hexane (Gasoline)),

Alcohols (methyl alcohol used in plastic manuf., solvents etc),

Drugs (e.g. ethambutol).

Greer 



NONINFECTIOUS OPTIC NEURITIS

• Toxic optic neuropathy

 Methyl alcohol  acute poisoning  irreversible visual loss due 

to demyelination of the nerve. Damage in CNS caused by 

incomplete oxidation in the liver of methyl alcohol to 

formaldehyde.

Greer 



NONINFECTIOUS OPTIC NEURITIS

• Toxic optic neuropathy

Tobaco amblyopia: 

 Smoking can cause loss of vision especially elderly pipe smokers.

Visual defect in red and green target.

Cause: inability to detoxify cyanide present in tobacco smoke. May be nutritional 

deficiency due to self neglect.

Recovery after stopping smoking or TTT with hydroxocobalamin (Vit B12  has affinity for 

cyanide).

TTT: also, inorganic sulphate, high protein diet, folic acid and Vit B6.

Other causes: starvation, Vit B complex deficiencies and pernicious anaemia.

Greer 
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DEGENERATIONS



DEGENERATIONS

1.Optic 
Atrophy

2.Optic 
nerve 
Drusen

3.Myopic 
degen.



1/ OPTIC ATROPHY

• It is the end-stage result of insults to the 

retinal ganglion cells and their axons.

Axonal degeneration in the pathway 

between the retina and the lateral 

geniculate body (LGB).

Visual function deficit and changes in 

the optic nerve head.



OPTIC ATROPHY

• Etiology varies, the downstream 

sequence of events leading to optic 

atrophy is uniform:

 injury to the retinal ganglion 

cells and the axons of the 

anterior optic nerve 

 results in axonal swelling 

 ONH edema (Fig 15-8). 

• Figure 15-8 Optic nerve head edema. Swollen intralaminar axons 
demonstrate vacuolar alteration with pale staining (green arrows) 
and displace the retina laterally (green arrowhead) from its 
normal termination just above the end of Bruch membrane (black 
arrowhead). Juxtapapillary serous intraretinal fluid (black arrows) 
and serous subretinal fluid (asterisk) are also present.



OPTIC ATROPHY

• Figure 15-9 Optic nerve atrophy. 

A, Gross appearance of an optic 

nerve (asterisk) with widened 

subdural space (arrow) due to 

shrinkage of the nerve. B, Low-

magnification: widened subdural 

space (asterisks). C, Cross section 

of an atrophic nerve shows loss of 

axons (arrowheads), accompanied 

by glial proliferation and 

widening of fibrovascular pial

septa (arrows).

• This is followed by retrograde
degeneration of axons (ie, 
ascending atrophy, or Wallerian
degeneration) toward the 
lateral geniculate body (LGB). 

• Pathologic processes within 
the cranial cavity or orbit 
result in descending atrophy 
toward the retinal ganglion 
cell bodies.

Loss of myelin and 
oligodendrocytes. 

optic nerve shrinks.



OPTIC ATROPHY

• Myelinated nerve tracts within the CNS like optic nerve undergo 2 types of 

degeneration:

• Wallerian-type degeneration: both myelin sheaths and axons are affected 

and function is lost.

• Demyelination: myelin sheath degenerates, but the axons survive and 

continue to conduct impulses at lower rate  may recover partially or 

completely if myelin sheath is restored.

Greer



OPTIC ATROPHY

Retrograde

• Figure 5.66 An autopsy specimen from a 

patient with end-stage liver failure due to 

chronic alcoholism. Atrophy of the macular 

ganglion cells is followed by retrograde 

atrophy of the papillomacular bundle, which 

is central at this level of the optic nerve. At 

the periphery of the nerve, the myelinated 

axons are present within bundles of normal 

size. In the centre, the nerve bundles are 

atrophic (left: Bodian stain; right: Loyez stain).

Ophthalmic Pathology (Sehu)



OPTIC ATROPHY

• If destructive process is rapid, a 

phagocytic reaction by microglia is 

provoked  replacement gliosis.

• If degeneration progresses slowly, 

the replacement gliosis proceeds in 

an orderly fashion preserving the 

general architecture. The nerve is 

greatly reduced in size and the 

dural sheath tends to become 

convoluted. Fig 13.2

Greer



OPTIC ATROPHY

• Glaucoma characterized by optic neuropathy, resulting in optic 

atrophy. 

• Histologically, there is early loss of retinal ganglion cell axons, 

blood vessels, and glial cells, particularly at the level of the 

lamina cribrosa.

• As the disease advances, the ONH becomes excavated, with 

posterior bowing of the lamina cribrosa (see Fig 15-9D). 

• Evidence of optic nerve atrophy may precede detectable 

functional vision loss (patient can see 6/6 with advance 

cupping). 

Figure 15-9 Optic nerve atrophy. D, Glaucomatous optic atrophy. Masson trichrome stains the collagen of the 

sclera, lamina cribrosa, and meninges dark blue and the axonal fascicles pink. The optic nerve demonstrates 

advanced cupping (red arrow), accompanied by posterior bowing of the lamina cribrosa (arrowheads). 

Axonal atrophy and thickening of pial septa are present. The subdural and subarachnoid spaces are 

widened owing to severe optic nerve atrophy (double-ended arrow). 



OPTIC ATROPHY

• Schnabel cavernous optic atrophy  large cystoid spaces in the nerve posterior to 

the lamina cribrosa (Fig 15-10A). 

• These spaces contain mucopolysaccharides, which stain with alcian blue (Fig 15-

10B). 

• Observed in glaucomatous eyes after acute intraocular pressure (IOP) elevation, in 

elderly patients  generalized arteriosclerotic disease. 

• Source of mucopolysaccharides produced in situ, within the atrophic spaces of the 

optic nerve.



OPTIC ATROPHY

Figure 15-10 Schnabel cavernous optic atrophy. A, atrophy resulting in cystoid spaces (asterisk) 

within the optic nerve. B, cystoid spaces filled with alcian blue–positive material.



OPTIC ATROPHY

Classification

1. Primary optic atrophy 

2. Secondary optic atrophy

3. Consecutive optic atrophy

4. Glaucomatous optic atrophy

Kanski



OPTIC ATROPHY

Primary optic atrophy 

• No antecedent swelling of the optic nerve head. 

• Caused: lesions from the retrolaminar portion to 

the LGB. 

• Lesions anterior to the optic chiasm result in 

unilateral optic atrophy.

• Lesions at chiasm and optic tract will cause 

bilateral changes.

Kanski

Fig. 19.7 Optic atrophy. (A) Primary due to 

compression showing shunt vessels; flat 

white disc with clearly delineated margins.



OPTIC ATROPHY

Primary optic atrophy 

Causes

• Optic neuritis (demyelinated).

• Compression by tumours and aneurysms.

• Hereditary optic neuropathies.

• Toxic and nutritional optic neuropathy 

temporal pallor (Fig. 19.7B).

• Trauma.

Kanski

Fig. 19.7 Optic atrophy. (B) primary due to 

nutritional neuropathy – note 

predominantly temporal pallor.



OPTIC ATROPHY

2. Secondary optic atrophy

• Preceded by longstanding swelling of the 

optic nerve head.

• Causes: 

Chronic papilloedema

Anterior ischaemic optic neuropathy

Papillitis. 

Intraocular inflammatory causes of 

marked disc swelling.

Kanski

Fig. 19.7 Optic atrophy. (C) secondary 

due to chronic papilloedema – note 

prominent Paton lines.



OPTIC ATROPHY

3. Consecutive optic atrophy

• Caused by disease of the inner retina or 

its blood supply. 

Extensive retinal photocoagulation 

Retinitis pigmentosa (RP)

Prior CRAO. 

• The disc appears waxy, with reasonably 

preserved architecture (Fig. 19.7D).

Kanski

Fig. 19.7 Optic atrophy. (D) 

consecutive due to vasculitis



OPTIC ATROPHY

4. Glaucomatous optic atrophy

Kanski

(D) optic atrophy – combined pallor and cupping 



OPTIC ATROPHY

• Atrophy is the end stage of degeneration.

• Clinical picture of optic disc depends on cause.

• Four types are recognized:

1. Descending OA

2. Ascending OA

3. Secondary atrophy

4. Hereditary atrophies

Greer



OPTIC ATROPHY

1. Descending OA: 

• Lesion in CNS proximal to optic nerve.

• Absence of gliosis and fibrosis in nerve head.

• Disc appears white.

• Lesions within CNS: hydrocephalus, tumors and transection of ON.

Greer



OPTIC ATROPHY

2. Ascending OA

• More common

• Disease affecting retinal ganglion cells within the globe.

• E.g. glaucoma, retinal infarction, chorioretinitis etc.

• If ON swelling  fibroglial proliferation  not the clean white 

appearance like above.

Greer



OPTIC ATROPHY

3. Secondary atrophy

• Follow pathological processes within ON.

• Neuritis and neuropathy.

• Papilledema: overlap between this category and the above 2 (also 2ry 

atrophy).

• Clinical picture varies depend on fibroglial proliferation.

• Indirect atrophy  head or globe trauma  contusion or tearing of optic 

nerve or chiasm or haemorrhage into arachnoid.

Greer



OPTIC ATROPHY

4. Hereditary atrophies  3 types:

i. Infantile hereditary OA:

a) Recessive form: onset soon after birth  severe visual loss.

b) Dominant form: slow decrease in vision.

ii. Behr’s disease: 

a) AR. 

b) Vision loss is not total and remains static after 2nd or 3rd decade.

c) Associated neurological disturbances: cerebellar ataxia & spasticity etc.

iii. Leber’s OA (LHON):

a) Men  X-linked, mitochondrial DNA inheritance

b) Onset: 2nd or 3rd decade  sudden rapid loss of central vision.

Greer



PAPILLEDEMA

• Bilateral optic nerve swelling due to increased 

intracranial pressure (ICP).

• Sudden increase or decrease in intra-ocular pressure 

(IOP) may result in similar swelling.

• Axoplasmic transport is slowed down and both fast and 

slow components accumulate in the region of the lamina 

cribrosa.

• Histologically the swelling displace the layers of the 

retina away from its margins and the nuclear layers 

appear stepped.

• Degeneration of the nerve fibers may occur  atrophy 

and gliosis.



2/ OPTIC NERVE HEAD DRUSEN

• Drusen are hyaline masses vary in size from 50-750 

um in diameter found in prelaminar part of ON.

• Single or multiple.

• Commonly asymptomatic.

• Microscopic: concentric lamination and stain +ve with 

PAS.

• Contain calcium and iron.

Greer



OPTIC NERVE HEAD DRUSEN

• They are calcific bodies embedded within the 

parenchyma of the optic nerve. 

• Abnormal axonal metabolism leads to 

mitochondrial calcification and drusen formation. 

• Bilateral and associated with small, crowded 

ONHs with abnormal vasculature. 

• Superficial drusen  refractile, rounded pale-

yellow or white deposits. 



OPTIC NERVE HEAD DRUSEN

• Deeper drusen  (pseudopapilledema). 

• Visual field defects; rarely anterior ischemic 

optic neuropathy, significant vision loss. 

• Located anterior to the lamina cribrosa and 

posterior to Bruch membrane (lamina 

choroidalis portion of the intraocular optic 

nerve).



OPTIC NERVE HEAD DRUSEN

• ONH drusen can be associated with the following:

 Angioid streaks

 Papillitis

 Optic atrophy

 Chronic glaucoma

 Vascular occlusions

• More commonly seen in normal eyes. 

• Occasionally dominantly inherited. 

• Histologically: basophilic, irregular, calcified acellular deposits that contain mucopolysaccharides, 

amino acids, DNA, RNA, and iron.



OPTIC NERVE HEAD DRUSEN

Figure 15-11 Histologically, optic 

nerve head (ONH) drusen appear as 

discrete basophilic calcified deposits 

(arrows) just anterior to the lamina 

cribrosa (asterisk). The clear spaces in 

the ONH are histologic sectioning 

artefacts due to dropout of hard 

calcific material.



GIANT DRUSEN

• Giant drusen: separate entity, 

result from calcification of 

astrocytic hamartomas of the 

nerve head  tuberous sclerosis.

Greer



3/ MYOPIC DEFORMATION

• In degenerative myopia  progressive stretching of 

sclera at posterior pole  exit of nerve through 

sclera become increasing oblique.

• The retina and its RPE and choroid are retracted 

from the margin  of the nerve head on the temporal 

side  exposing a crescent of sclera  appear 

white ophthalmoscopically.

• Nasally  retina and choroid overlap the margin 

of nerve head  disc appears blurred 

ophthalmoscopically.

Greer
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NEOPLASIA

• Tumors that may affect the ONH, e.g.:

• Melanocytoma

• Peripapillary choroidal melanoma

• Choroidal osteoma

• Hemangioma

• Retrobulbar tumors eg:

• Glioma 

• Meningioma 



NEOPLASIA

• Invasion of the ON:

Direct extension of orbital or CNS tumors (eg, leptomeningeal carcinomatosis).

 Direct infiltration  hematologic malignancies (eg, leukemia).



NEOPLASIA

Melanocytoma

GliomaMeningioma



1/ MELANOCYTOMA

• Is a benign, heavily pigmented (dark-brown to jet-black) melanocytic tumor located eccentrically on 

the ONH and adjacent choroid (Fig 15-12A).

• It may be elevated and extend into the adjacent retina or extend posteriorly into the optic nerve. 

Figure 15-12 
Melanocytoma of 
the optic nerve. A, 
Fundus photograph 
shows a dark mass 
on the inferior edge 
of the ONH. 

B, Melanocytoma shows a dome-shaped, jet-black mass involving the prelaminar optic nerve. The 

tumor also involves the juxtapapillary choroid and retina. 



MELANOCYTOMA

• Histologically: is a magnocellular nevus, composed of closely packed, heavily 

pigmented, plump polyhedral melanocytes. The dense pigment obscures nuclear 

detail (Fig 15-12C), melanin bleach preparations (Fig 15-12D)  reveal the bland 

(weak) cytologic features, such as abundant cytoplasm, small nuclei with finely 

dispersed chromatin, and inconspicuous nucleoli. 

Figure 15-12 Melanocytoma of the optic 
nerve. C, Higher magnification shows 
darkly pigmented polyhedral 
melanocytes with dense intracytoplasmic 
pigment obscuring nuclear detail. 

D, Melanin bleach preparation shows the 

bland nuclear morphology and abundant 

cytoplasm of melanocytoma cells.



MELANOCYTOMA

• Necrosis and histiocytic infiltration are sometimes observed within melanocytoma

and are NOT necessarily indicative of aggressive behavior. 

• Melanocytomas may grow slowly, but malignant transformation to melanoma is 

rare. 

D, Note the area of necrosis 

within the tumor (arrow).



2/ GLIOMA

• A glioma (astrocytoma) may arise in any 

part of the visual pathway, including the 

ONH and optic nerve. 

• Proptosis (often non-axial or dystopia).

• Pale optic nerve  compressive optic 

neuropathy.

Kanski_ Fig. 4.41 Optic nerve glioma. (A) Histopathology: 

spindle-shaped pilocytic astrocytes and glial filaments; (B) 

proptosis with inferior dystopia; (C) optic disc atrophy; (D) 

axial MRI showing fusiform optic nerve enlargement.



GLIOMA

• Opticociliary (Optocilliary ) 

collaterals (Fig. 4.8C) and 

other fundus signs such as 

central retinal vein occlusion 

are occasionally seen.

Kanski_ Fig. 4.8 Fundus changes in orbital disease. (A) Disc 

swelling; (B) optic atrophy with choroidal folds; (C) opticociliary

vessels in the presence of optic atrophy; (D) choroidal folds.



GLIOMA
• Frequently associated with neurofibromatosis 

1 (NF1).

• The tumors are low-grade juvenile pilocytic

astrocytomas (JPA) and commonly present in 

the first decade of life.

• Histologic examination of JPA shows 

proliferation of spindle-shaped astrocytes 

glial filaments with delicate, hairlike

(pilocytic) cytoplasmic processes that expand 

the optic nerve parenchyma (Fig 15-13).

Figure 15-13 Astrocytoma of the optic nerve. A, The right side of this photomicrograph demonstrates a normal 

optic nerve (asterisk); the left side shows a pilocytic astrocytoma, which is more cellular in appearance. B, The 

neoplastic glial cells are elongated to resemble hairs (pilocytic). 



GLIOMA

• Enlarged, strongly eosinophilic 

filaments (Rosenthal fibers) 

degenerating cell processes 

(Fig C).

• In addition, calcification and 

foci of microcystoid

degeneration can be seen; the 

pial septa may be thickened. 

The meninges show reactive 

hyperplasia and astrocyte 

infiltration.

• Figure 15-13 Astrocytoma of the optic nerve. 
C, Rosenthal fibers (arrows)



GLIOMA

• Because the dura remains intact, 

the nerve exhibits fusiform or 

sausage-shaped enlargement 

within the sheath.



GLIOMA

• High-grade tumors (grade IV astrocytomas, glioblastoma multiforme/ Malignant glioma ) 

rarely involve the optic nerve  usually is due to a primary brain tumor  very poor 

prognosis & usually occurs in adult males  very poor prognosis.

• Primary malignant glioma of the anterior visual pathway is rare and occurs mainly in 

adults. 

• Histologically: nuclear pleomorphism, high mitotic activity, necrosis, and hemorrhage.



GLIOMA

• Prognosis: 

 indolent course with little growth, 

may extend intracranially and threaten life. 

• Approximately 30% of patients have associated neurofibromatosis type I (NF1)

 prognosis is superior. 



3/ MENINGIOMA

• Optic nerve sheath meningioma is a benign

tumour arising from meningothelial cells of the 

arachnoid villi surrounding the intraorbital, or 

less commonly the intracanalicular, portion of 

the optic nerve (Fig 4.42).

• Encircles the optic nerve or invades the nerve, 

growing along the fibrovascular pial septa. 

• Secondary orbital meningiomas: ~ 2/3 of all 

meningiomas affecting the optic nerve arise 

from extension of primarily intracranial lesions 

 sphenoid bone. 
Kanski_ Fig. 4.42 Optic nerve meningioma. 
(E) axial CT of a small tumour showing 
calcification; (F) MRI showing lesion associated 
with left optic nerve.



MENINGIOMA

• Primary optic nerve sheath meningiomas

are less common than optic nerve gliomas 

and, as with other meningiomas, typically 

affect middle-aged women.

• The prognosis for life is good in adults, 

although the tumour may be more 

aggressive in children, in whom 25% 

occur. 

• They are more common in 

neurofibromatosis type II (NF2). 

Kanski_ Fig. 4.42 Optic nerve meningioma. (C) defective 
elevation of the right eye; (D) Proptosis.



MENINGIOMA

Figure 15-14 Optic nerve sheath meningioma. A, A globe (white 
bracket) with massive thickening (red bracket) of the optic nerve and 
sheath just posterior to the sclera, secondary to meningioma. B, This 
meningioma (asterisks; different from that shown in part A) has grown 
circumferentially around the optic nerve (outlined by dashed line), 
compressing and deforming it (arrowhead indicates the dura). 

C, Meningioma (between arrows) of the 

optic nerve sheath originates from the 

arachnoid layer of the meningeal sheath.

• Primary optic nerve sheath 

meningiomas arise from the 

arachnoid layer of the optic 

nerve sheath (Fig 15-14). 



MENINGIOMA

• Optic nerve glioma  frequent 

hallmark of NF1, meningioma 

occasionally associated with NF in 

younger patients.

Kanski_ Fig. 11.71 Neurofibromatosis type 1. 

(A) Left facial hemiatrophy and multiple 

neurofibromas.



MENINGIOMA

• Primary optic nerve sheath 

meningiomas may invade the 

nerve and eye and, in rare 

cases, may extend through 

the dura to invade the orbit 

and extraocular muscles.

A, The shaggy border of this gross specimen 

emphasizes the tendency of the perioptic meningioma to 

invade surrounding orbital tissues. Note the size of the 

optic nerve (arrow) in relation to the tumor. 



MENINGIOMA

• Histologically, the tumor (1⁰ or 

2⁰) is usually meningothelial, 

composed of plump cells with 

indistinct cytoplasmic margins 

(syncytial growth pattern) 

arranged in whorls (Fig D). 

• Psammoma bodies, extracellular 

rounded calcifications 

surrounded by a cluster of 

meningioma cells, are variably 

present (see Fig D). 

Figure 15-14 Optic nerve 
sheath meningioma. D, High 
magnification of meningioma. 
Note the characteristic tumor 
whorl (arrows). A calcified 
psammoma body is present 
adjacent to the whorl 
(arrowhead). 

D, Note the whorls of tumor 

cells, characteristic of 

meningothelial meningioma, 

which are the most common 

histologic variant arising from 

the optic nerve.



MENINGIOMA

Kanski_ Fig. 4.42 Optic nerve meningioma. 

(A) Meningothelial histopathology; 

(B) Psammomatous histopathology; 

(E) axial CT of a small tumour showing 
calcification; 

(F) MRI showing lesion associated with left optic 
nerve.



MENINGIOMA

• Meningiomas are usually positive with the immunohistochemical stains epithelial 

membrane antigen (EMA) and somatostatin receptor 2a (SSTR-2). 

• In addition, they also tend to express progesterone receptors.



4/ SECONDARY TUMOR

 Direct Invasion 

• ON may be invaded by tumors of the eye, orbit or brain. 

• Rb is the most important. Invasion of the nerve and extension into the brain is 

common and fatal when it occurs.

• Intraocular malignant melanoma only occasionally invade the nerve.

 Blood-borne metastases

• Metastatic deposits from carcinomata usually of breast or lung occur, but are 

uncommon. Leukaemic infiltration is common and may be asymptomatic.

Greer
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