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Disclosures Dr. Ben Gaddie 
last 24 months
• Consultant:

• Alcon
• AbbVie
• Bausch and Lomb
• Tarsus
• Harrow
• Topcon
• Orasis
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Clinically Relevant Optic Nerve Anatomy and 
Physiology
• Optic Nerve segmented anatomy

• Retinal Ganglion Cells
• Anterior Portion

• Optic nerve head
• Vascular supply

• SPCA and Choroid
• Retrobulbar Portion

• Anatomiccourse
• Lateral Geniculate Nucleus (LGN)

4

Anatomic Course of Optic Nerve
• Intraocular

• 1mm long
• Subject to vascular and tension issues

• Intraorbital
• 25-30mm long
• Subject to muscle engorgement; tumors

• Intraosseus
• 4-10mm long
• Subject to fractures and sinus inflammation

• Intracranial
• 14-20mmlong; pituitarygland and arterial circle
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Optic Nerve Head Size/Area
• Large optic nerves have more axonsand larger 

cups, usually more neuroretinal rim area
• Smallernerves have smallercups and

glaucomatouscupping is oftenoverlooked
• Many cases of “physiological cupping” are simply 

large optic nerve heads
• When a patient has asymmetricoptic nerve size, 

the larger nerve is usually suspect
• Relative hypoplasia
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Persistent Hyaloid Remnants
• Regression of the hyaloid system complete by 8th

month
• Incomplete regression leaves some glial tissue, usually

nasal on the disc
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Optic Nerve Shunts and Collaterals
• Develop as a response to congested blood flow
• Retrobulbar mass
• Intracranial vascular abnormalities
• Retinal Vein Occlusions
• Chronic Glaucoma
• Rule out neovascularization from ischemia
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Cilioretinal Arteries
• Not a derivative of central retinal artery
• Usually from choroidal system or short posterior ciliary

system
• Hook outof thetemporal edgeof thedisc
• Incidence > 20%
• Supply the inner retina inside the papillomacular bundle

(helpful in CRAO)
• Can become occluded causing central defect

20

21 22

23 24

4

25

Myelinated Nerve Fiber
• 1% of population; representsextended 

proliferation of normal tissue
• Visualizedas a superficial opacificationof the

retina
• Feathered appearance precludes visualization of

underlying structures
• Possible to get visual field defect from medullated 

fibers
• Must differentiate from cotton wool spots
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Parapapillary Atrophy
• Two zones of PPA: Alpha and Beta
• Alpha is the outer zone
• Beta is the inner zone

• Borders theoptic disc
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Parapapillary Atrophy
• Alpha zone present in almost all normal eyes
• Beta zone present in less than 15% of normals
• A large beta zone or progressiveenlargementof the

beta zone can signify progressive neuropathy
• Must distinguish from myopic crescent
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Optic Nerve Crescents
• Choroidal Crescents

• Darker in color
• Can bedark pigmented (RPE visible) OR
• Can be tigroid presentation

• Scleral Crescents
• White in color
• Can be associated with progressive myopic syndromes
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Inferior Scleral Crescent Syndrome
• AKA Fuch’s Coloboma
• Characterized by hypoplastic discs that are vertically

truncated
• Area contiguous to thecrescent takes on a tigroid

appearance
• Usually getsuperior temporal (bitemp) or superior

nasal VF loss
• Can often accompanyoptic nerve drusen
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Optic Nerve Pallor
• Not unusual to see some temporal pallor congenitally
• Usually bilateral
• Pallor does notexceed cupping
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Tilted Discs
• Tilted disc syndrome
• Due to incomplete closureof fetal tissue
• Tilting of the vertical axis
• Can cause a pseudo-bitemporal defecton VF (usually

crosses vertical midline)
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Optic Nerve Colobomas and Pits
• Affected nerve is larger, sometimessee inferior 

retino-choroidal coloboma also
• Abnormal vascular patterns
• Can be associated with forebrainabnormalities
• Optic pits located withinoptic nerve rim; gray in

color; strong association with cilioretinal arteries
• Usually located temporal; can be bilateral
• Retinal detachment has been associated with both 

disorders ( up to 50% with temp pits)
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Morning Glory Discs
• Really a variant of optic nerve colobomas
• Unilateral, enlarged ONH
• Abnormal vascular pattern (vessels enter and exit 

disc at nerve margins)
• Right eye affected mostly
• Females have higher incidence
• If unilateral, usually severe visual disturbance
• If bilateral, usually mild to moderate VA loss
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Megalopapilla
• Unilateral larger optic nerve head
• Calculation from photos of the ratio of the disc-to-

foveadistance (DM) to the disc diameter (DD) is
reduced [DM/DD ratio}

• May cause diagnostic confusion for asymmetric c/d
ratio
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Optic Nerve Head Drusen
• Inherited Autosomal dominant
• Bilateral in 70-100%cases
• Prevelance 1%
• Occur in whites primarily
• Calcium-type deposits
• Begin just anterior to the lamina and project 

forward over time
• Can be a HUGE diagnosticdilemma
• Absence of physiological cup
• Look for SVP
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Optic Nerve Head Drusen
• In childhood, present as swollen nerve
• Drusen become more visible with age
• Can see a glow withdirect illumination
• Can shear blood vesselsand RGC axons
• B-scan very helpful in identifying lesions
• CT can be utilizedaswell
• Variablevisual consequence
• Dense, sloping visual field loss in general
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Optic Nerve Head Drusen
• Central cup is absent; disc diametersmall
• Vesselsarise from the central apex of disc
• Anomalous branching of vessels occurs
• Disc margins are irregular, pigmented
• No exudates or CWS
• Enlarged blind spot seen in both drusen and

papilledema
• Transient visual obscuration possible with drusen
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NOTE BURIED DRUSEN
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VF DEFECT O.S. GREATERTHAN O.D.
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Management of Pseudotumor 
Cerebri-Oral Medication and LP
• Lumbar puncture diagnostic with opening pressure
• Neuroimaging to rule outspace occupying mass in

CNS
• SD OCT AND VF
• Oral acetazolamide (Diamox)

• 250 mg
• 500 mgsequels
• Total dosing upto 500 mg/day

• Monitor with VF and SD OCT
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Principles of Neural Degeneration
• Chronic Injury

• Glaucoma
• Acute Injury

• Optic neuritis
• Trauma

• Apoptosis
• Toxic neural environment
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Acquired Optic Nerve Disease Pearls
• Monoculardeficits prevail unless both optic nerves 

affected (usually in childhood)
• VF loss usually central depression, arcuate, or

altitudinal (vascular)
• Optic disc disease causes an inferiornasal defect 

(glaucoma, drusen, ION)
• Central defects are usually accompanied by

decreased VA, desaturation of color, reduced 
brightness and a sluggish direct pupillary reaction
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Acquired Optic Nerve Disease Pearls
• Acute or subacute progressive loss of central VA
• Sudden onset monocularVA loss up to age 50

highly suggestive of retrobulbar neuritis
• Pain on globe movement suggestive of retrobulbar 

ON (90%of MS pts), otherwise pain is absent
• In the over50 age group, ION is the single most 

common optic nerve disorder
• Slowly progressive monocular loss over many 

months usually represents tumoral compression

156

Where There Is Smoke There’s 
Fire?

• What do you dowhen you see blood on or near the
Optic Nerve?
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Optic Neuropathies
• Inflammatory-infectious optic neuropathy
• Demylinizing optic neuropathy
• Idiopathic optic neuritis (forme fruste MS)

• Ischemic optic neuropathyclassified as vascular, not
inflammatory

162

Inflammatory-Infectious Optic Neuropathy
• Three Subtypes

• Diseases that affect children
• Diseases that affect adults
• HIV related

• Viral variety in children causes dirty yellow globular
exudates (macular star)

• Neuroretinitis with swollen nerve and linear
hemorrhages (especially in HIV related dz)
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Inflammatory-Infectious Optic Neuropathy
• Diseases that affect childrenusually have a history 

of an upperrespiratory or GI infection.
• Other Diseases that cause papillitis:

• Chicken pox
• Gullain-Barre syndrome
• Herpes simplex
• Lyme disease
• Measles
• Mono(EBV)
• Mumps
• Postvaccination reaction
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Inflammatory-Infectious Optic Neuropathy
• Diseases that affect adults

• Bechet’s disease
• Birdshot chorioretinopathy
• Cat-Scratch fever (Bartonella henslae)
• Collagen vascular disease
• Herpes Zoster
• Meningitis
• Mononucleosis
• Syphillis
• Lupus
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Inflammatory-Infectious Optic Neuropathy
• HIV related diseases

• Histoplasmosis
• CMV
• Toxoplasmosis
• Tuberculosis
• Lymphoma
• Cryptococcosis
• Syphillis
• Pneumocystis carinii
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FURTHER RESOLUTION OF ELEVATED DISC
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Oral Antibiotic Management of 
Infectious Optic Neuropathy
• If suspected Bartonella

• Doxycycline at least 200 mg/day
• Oral flouroquinolone for 10 days

• Avoid oral steroid unless intermediateuveitis
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Demylinizing Optic Neuropathy
• Referred to as Retrobublar Optic Neuritis
• Ages usually 18-50, white femalespredominate 

(>75%)
• Very strong associationwith Multiple Sclerosis 

(MS)
• Optic Neuritis is presenting symptom inabout 

20% of MS cases
• About 75% of MS patientssuffer opticneuritis at

some point in their disease process
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Demylinizing Optic Neuropathy
• Vision is between20/20 and NLP
• Vision generally improves during the third or

fourth week
• Visual field loss usually improves, but persists to

some degree permanently
• VF loss usually a diffuse depression (48%)
• Contralateral VF loss in 75% of patients
• Optic nerve changes minor, some pallorover time
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Constitutional Symptomatology
• Diminished central VA and VF loss
• Color desaturation
• Dimness of light intensities
• Impaired depth perception, especially with moving

objects (Pulfrich’s phenomenon)
• Exacerbation of visual loss with exercise or

temperature elevations (Uthoff’s symptom)
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Initial Workup
• Pupils
• VA
• Motility
• Color Ishihara
• Red cap desaturation
• Threshold VF 24-2
• OCT Spectral Domain

• Measureof axonal loss in MS
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OCT in MS/Optic Neuritis
• Measurement helpful immediately following an acute optic

neuritisand forthe first 6 monthsthereafter
• 0-3 months-no change in RNFL thickness
• 3-6 months-average 19 micron loss
• 6+ months-no further atrophy exepected

• MSaffects myelin and axons. RNFL is made of
unmyelinated CNS axons of CN II, so MSshouldn’teffect
RNFL if based solely on demyelination
• Progressive disability in MS seen from axonal loss, not

demyelination. PROGRESSIVE MS

References on OCT and MS found on next slide
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OCT in MS/Optic Neuritis

• Does not predict conversion to MS
• If progressive RNFL atrophy after 2 years of optic

neuritis suggests ongoing subclinical disease
• This occurs in MS patients but notcontrols

• Development of MS after optic neuritis is best
correlated with temporal segmentatrophy of the
RNFL
• Since thetemporal fibers tothediscarise fromthe

macula
• The macular thickness can bedecreased in MS patients

compared to controls with optic neuritis
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OCT in MS
• Average RNFL thickness in MS can predict physical

disability

1. Komeima K, et al. Charles Bonnet syndrome associated with a first attact of multiple sclerosis. Jpn J Ophthalmol 2005; 49:533-534.
2. O’Doheerty M, Flitcroft D. An unusual presentation of optic neuritis and the Pulfrich phenomenon. J Neurol Neurosurg Psychiatry

2007; 78:906-907.
3. Costello F, Hodge W, Pan Y, et al. Tracking retinal nerve fiber layer loss after optic neuritis; a prospective study using optical coherence

tomography. Multiple Sclerosis 2008; 14:893-905.
4. Costello F, Hodge W, Pan Y, et al. Retinal nerve fiber layer and future risk of multiple sclerosis. Can J Neurol Sci 2008; 35:482-487.
5. Pulicken M, et al. Optical coherence tomography and disease subtype in multiple sclerosis. Neurology 2007; 69: 2085-2092.
6. Costello F, Hodge W, Pan Y, et al. Differences in retinal nerve fiber layer atrophy between multiple sclerosis subtypes. J Neurol Sci

2009; 281:74-79.
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Initial Workup
• MRI with and without contrast

• Brain and Orbits (Spinal column optional)
• Fat Suppression for orbits

• FLAIR Sequencing
• Thin slice
• Axial proton density sequences

• These modifications of thescans allow for
differentiating demyelinating lesions from small vessel
ischemic disease
• Also helps find lesions in the brainstem

Pula JH and Reder AT. Multiple Sclerosis. Part I: Neuro-ophthalmic manifestations. Curr Opin Ophthalmol 2009; 20:467-475
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Relationship to Multiple Sclerosis
• ONTT 5 Year Data
• 16% of patients with monosymptomatic optic neuritis

with NO MRI white matter lesions developed definite
MS within 5 yrs

• 37% with one or two lesions developed MS
• 51% with 3 or more lesions developed MS
• The greater the number of lesions, the more likely a

patient is to go on and develop MS
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Treatment Strategies Based on the ONTT 
Oral and IV Steroid Treatment

• Three Groups (Oral steroid, IV steroid, Placebo)
• Oral Pred group had more recurrences
• IV group recovered VAquickerand had fewer 

recurrences of opticneuritis at 1 year
• 5 yearresults show that the protective effect of the

IV steroid dissipates after 2 years
• 5 yeardata show that the clinical MS incidence is

equal in treated and untreated groups
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10 Year ONTT Conversion Data
• A single 3mm diameter brain MRI white matter lesion

markedly increases risk
• Higher numbers of lesions don’t appreciably increase

the risk
• Even when MRI lesions are present, clinical MS

doesn’tdevelop within 10 years in over 40% of
patients
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ONTT 15 Year Data on 
Conversion
• 65% of the original subjects in ONTT made it to 15 yr

follow up
• Likelihood of at least 20/20 vision=72%
• Likelihood of at least 20/25 vision=85%

• If the initial VA is count fingers or worse
• Likelihood of 20/20=49%
• Likelihood of 20/25=63%

• Both central and peripheral field deficits can present

1. Optic Neuritis Study Group. Visual function 15 years after optic neuritis. Ophthalmology 2008; 115:1079-1082.

2. Optic Neuritis Study Group. Multiple sclerosis risk after optic neuritis. Arch Neurol 2008; 65:727-732.
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ONTT 15 Year Data on 
Conversion
• In this data set of optic neuritis patients, increasing

numbers of MRI lesions reflected a greater likelihood
of developing MS

• Lesions
• 0=25% risk
• 1=60% risk
• >3=78% risk

• The overall risk of developing MS within 15 years of a
monosymptomatic optic neuritis is about 50%
(independent of MRI findings or without MRI)

1. Optic Neuritis Study Group. Visual function 15 years after optic neuritis. Ophthalmology 2008; 115:1079-1082.

2. Optic Neuritis Study Group. Multiple sclerosis risk after optic neuritis. Arch Neurol 2008; 65:727-732.
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Other Treatment Considerations
• Patients with normal MRI and the following

characteristics…..
• Severe optic nerve swelling
• Hemorrhages
• Exudative maculopathy

• ………havea very low 15 year risk of developing clinical
MS

1. Optic Neuritis Study Group. Visual function 15 years after optic neuritis. Ophthalmology 2008; 115:1079-1082.

2. Optic Neuritis Study Group. Multiple sclerosis risk after optic neuritis. Arch Neurol 2008; 65:727-732.
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Relationship to Multiple Sclerosis
• Optic Neuritis Study Group Arch Opthalmol July

2003…
• 388 patients with acute optic neuritis
• 40% developed MS within 10yrs
• 40% will never develop MS
• Smaller brain lesions resulted in reduced rateof

progression to MS
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MS Disease Subtypes
• Relapsing Remitting (RRMS)

• Most common form (85%)

• Clinical MS attacks= 1 every 2 years

• Secondary Progressive (SPMS)
• Usually arise from former RRMS patients

• 50% of RRMS develop SPMS within 10 years

• Clinical deterioration despite lack of relapses

• Relapsing Progressive (RPMS)

• Clinical deterioration with superimposed relapses

• Primary Progressive (PPMS)
• Clinical deterioration from the start without relapses

Lublin F, Reingold S. Defining the clinical course of multiple sclerosis. Neurology 1996; 46:907-910.
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Treatment Options For MS:
Disease-modifying Therapies (DMT’s)

• FDA approved 3 drugs in 1993 called 
immunomodulators for relapsing disease

• Interferon beta-1a (Avonex) most popularq.wk
• Interferon beta-1b (Betaseron) q.o.d.
• Glatiramer acetate (Copaxone) q.i.d.
• They do NOT altercourse of RBON
• Controlled High Risk Subjects Avonex Multiple 

Sclerosis Prevention Study (CHAMPS)

Javed A, Reder A. Therapeutic role of beta-interferons in multiple sclerosis. Pharmacol Therapeut 2006; 110:35-56.

194

CHAMPS
• 192 Patients with acute unilateral optic neuritis with at

least 2 MRI lesions
• Randomized to receive IM injection of drug or placebo

for 18 months
• 28% of patients in Tx group converted to MS
• 37% of placebo converted
• Indefinite treatment course once started
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Ischemic Optic Neuropathy
• Vascular ischemia anterior to the lamina
• Patients over 50 years of age
• Occlusive disorder of the SPCA
• Notable after waking in over 75% of pts
• Simultaneous bilateral disease is RARE
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Ischemic Optic Neuropathy
• Men>Women
• Rare in African-Americans (<5%)
• Associated with amidarone, Viagra
• Strongly related to nocturnal systemic hypotension
• Some incidence after cataract extraction (and LASIK)
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Risk Factors
• Generally, the disease is IDIOPATHIC
• Small C/D and small ONH
• HTN in more than 50% of pts
• Diabetes in more than 25% of pts
• Sleep Apnea Syndrome (SAS)- treat toavoid second

eye involvement
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Clinical Presentation of NAION
• 50% VA better than 20/60
• Pain on eye mvmt ~10%
• VF Defects

• 45% inf altitudinal
• 20% central defects
• 17% supaltitudinal

• Optic disc pallor at diagnosis NOT suggestive of
NAION (think arteritic)
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Ischemic Optic Neuropathy
• CBC
• ESR (Sed Rate0
• CRP (C-reactive protein)
• FBS/A1C
• Consider Duplex Carotid studies
• Consider IVFA
• NO steroid
• Treatment of underlying systemic problem
• Monitor for second eye involvement (30-40%)
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Pseudohemangioma of ONH 
Luxury Perfusion
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Arteritic Ischemic Optic Neuropathy
• Systemic autoimmune inflammatory disease called

Cranial Arteritis
• TRUE Ocular emergency
• Requires immediate Tx to halt contralateral eye

involvement (75% of untreated)
• Usually occurs in older agegroup (>70)
• Females>males
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Arteritic Ischemic Optic Neuropathy
• Prodromal symptoms in 75%of patients

• Weight loss
• Tender scalp, temples
• Jaw claudication
• Headaches
• Amaurosis fugax (not present in ION)
• Mortality rates average 20%
• High risk of subsequent CVA

29

214

Arteritic Ischemic Optic Neuropathy
• Stat ESR and CRP
• ESR greater than 30mm/hr significant
• CRP grater than 10 significant (combo)
• Temp Artery biopsy (bilateral)
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Oral and IV Steroid Treatment 
of AAION
• Start IV (250 mg) ororal steroid 80-120 mg/day
• TempArtery biopsy (bilateral)
• Titrate steroid to ESRdecline
• Treatment may go on foryears
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Diabetic Optic Neuropathy
• Affects younger age group than common ION
• Diabetes is a small vessel disease
• Can occur in the 20’s and 30’s in IDDM I
• Rarely can affect older NIDDM II patients
• Similar clinical appearance as ION classic
• Tx involves controlling BS
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Learning Objectives:

• To be able todifferentiatecongenital from acquired
optic nerve disease

• To recognise which disease conditions require
emergentor urgentreferral to ER/Neurologist

• To be able to clinically apply the appropriate testing to
differentiatecongenital from acquired optic nerve
disease.
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