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Size of nerve 
• High in plane resolution  
• Thin slices 
Surroundings of nerve (fat, CSF, air-bone 
interfaces) 
• Fat-saturated sequences 
• Fluid attenuated inversion recovery 

sequences 
Motion 
• Relatively fast sequences 

Barker et al., J Neurol Sci 2000 

Imaging the optic nerve 



STIR sequence 
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Aviv et al., Clin Radiol 2005 

T1w sequence 

3DFT, T2w sequence 

Becker et al., Eur J Radiol 2010 

Fat-saturated, T2w, FSE sequence 

Barker et al., J Neurol Sci 2000 

Fat-saturated, 
Gd-enhanced, 
T1w sequence 
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Diagnosis and differential diagnosis 



Multiple sclerosis 
• ON lesions are reported in 94–99% of MS 

autopsy cases (Kolappan et al. J Neurol 2009) 
 

• Optic neuritis is the presenting symptom of MS 
in 25% of cases and occurs during the disease in 
about 70% of cases (Toosy et al., Lancet Neurol 2014) 
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Fat-saturated T2w 

Fat-saturated T1-gd 

DIS 2016 MAGNIMS criteria  
At least 2 out of 5 areas of the CNS as follows*:  
≥ 3 Periventricular lesions 
≥ 1 infratentorial lesion 
≥ 1 spinal cord lesion 
≥ 1 optic nerve lesion 
≥ 1 cortical/juxtacortical lesion 
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* Symptomatic lesion(s) are not excluded from the criteria and contribute to lesion count  

Diagnosis and differential diagnosis 



NMO Spectrum Disorders 
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Fat-saturated T1-gd 

Wingerchuk et al., Neurology 2015 

Diagnosis and differential 
diagnosis 



MS vs AQP4 vs MOG optic neuritis 

MS AQP4 MOG 

MS (13) AQP4 (11) MOG (19) 
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Diagnosis and differential 
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LHON 

Vaphiades et al., J Neuroophthalmol 2003 
Fat-saturated T1-gd 

T2w 
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• 27% of LHON patients have aspecific WM lesions 
• 25% of LHON patients have MS typical WM lesions (higher risk in females) 
• All LMS patients have aspecific and MS typical WM lesions 

Kuker et al.,  
Eur J Neurol 2007 

T2w 

Cawley et al., Ir J Med Sci 2010 
FLAIR 

La Russa et al., MSJ 
2011 

T2w 

LHON + MS 

Diagnosis and differential diagnosis 



Ischemic optic neuropathy 

He et al.,  
Semin Ophthalmol 2010 

Becker et al.,  
Eur J Radiol 2010 

STIR 
DWI 

Optic compressive neuropathy 
Mucocele of the sphenoid sinus 

Becker et al., Eur J Radiol 2010 
T1w 

3DFT T2w 

Infectious optic neuropathy 
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T1-gd 

Idiopathic intracranial hypertension 
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T1w 
Hickman et al., Imaging of acute 
neurologic disease 2014 

T2w 
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Demyelinating optic neuritis / Lesion features 

Miller et al., Neurology 1988 
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after treatment 

Understanding disease pathophysiology 

Relatore
Note di presentazione
In acute optic neuritis, magnetic resonance imaging (MRI) may help to confirm the diagnosis as well as to exclude alternative diagnoses. Yet, little is known on the value of optic nerve imaging for predicting clinical symptoms or therapeutic outcome.PURPOSE: To evaluate the benefit of optic nerve MRI for predicting response to appropriate therapy and recovery of visual acuity.METHODS: Clinical data as well as visual evoked potentials (VEP) and MRI results of 104 patients, who were treated at the Department of Neurology with clinically definite optic neuritis between December 2010 and September 2012 were retrospectively reviewed including a follow up within 14 days.RESULTS: Both length of the Gd enhancing lesion (r = -0.38; p = 0.001) and the T2 lesion (r = -0.25; p = 0.03) of the optic nerve in acute optic neuritis showed a medium correlation with visual acuity after treatment. Although visual acuity pre-treatment was little but nonsignificantly lower if Gd enhancement of the optic nerve was detected via orbital MRI, improvement of visual acuity after adequate therapy was significantly better (0.40 vs. 0.24; p = 0.04). Intraorbitally located Gd enhancing lesions were associated with worse visual improvement compared to canalicular, intracranial and chiasmal lesions (0.35 vs. 0.54; p = 0.02).CONCLUSION: Orbital MRI is a broadly available, valuable tool for predicting the improvement of visual function. While the accurate individual prediction of long-term outcomes after appropriate therapy still remains difficult, lesion length of Gd enhancement and T2 lesion contribute to its prediction and a better short-term visual outcome may be associated with detection and localization of Gd enhancement along the optic nerve.



Demyelinating optic neuritis / Atrophy 
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Understanding disease pathophysiology 



MTR 
Demyelinating optic neuritis / Microstructural damage 

Inglese et al., Arch Neurol 2002 

MS/affected ON/ 
no recovery (21) 
LHON (20) 

Controls (36) 
MS/unaffected ON (18) 
MS/affected ON recovery (20) 

Average MTR [%] 

29.6 
30.2 

26 

28 

30 

32 

34 

36 35.3 

33.1 
34.6 
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* first-onset acute ON 

Understanding disease pathophysiology 



• Worse acuity (r=0.4,p=0.03) 
• Worse CS (r=0.5,p=0.03) 

• Thinner RNFL (r=0.57,p=0.02) 
• Lower VEP amp (r=0.55,p=0.01) 
• Longer VEP lat (r=-0.4,p=0.04) 

Low baseline AD associated 6 month: 

Incomplete recovery 

Complete recovery 
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DTI Demyelinating optic neuritis / Prognosis 
MTR 

Wang et al., Plos One 2012 

Association between MTR 
reduction and worse visual 
acuity 

p<0.05 

Understanding disease pathophysiology 



Demyelinating optic neuritis / 
Optic radiations and visual cortex 

Audoin et al., Brain 2006 

GM MTR 

GM MTR in the visual cortex was correlated 
with the visual acuity at baseline (r = 0.31, 
p=0.011) and after 3 months (r = 0.30, p=0.011)  

Tur et al., Brain 2016 
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Demyelinating optic neuritis / Cortical reorganization (fMRI) 

Unaffected eye 

Affected eye 

Unaffected eye 

Affected eye 

Russ et al., J Neuroimaging 2002 
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Affected eye visual acuity at 12 
months (LogMAR) 
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Atrophy 
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Pichiecchio et al., MSJ 2011 

Yu et al., Radiology 2008 

NMO  

Visual cortex RS FC vs FA of the right ON:  
r−0.36 ,p = 0.08 

Rueda Lopes et al.,  
J Neuroimaging 2015 

fMRI 

Understanding disease pathophysiology 



LHON 

Decreased FA 

Increased MD Increased RD 

DTI 
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Atrophy 
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Understanding disease pathophysiology 



LHON / Cortical reorganization 

Rocca et al., Plos One 2011 

RS fMRI Cortical thickness in LHON carriers 
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* p<0.05 
** p<0.01 

Understanding disease pathophysiology 



Dominant optic atrophy and OPA1 mutations 
DTI 

Atrophy 
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Understanding disease pathophysiology 



Glaucoma 

Cortical atrophy 

DTI 
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RS fMRI 
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• Although MRI of optic nerve is technically challenging, it is 
feasible to obtain high quality images of this structure in clinically 
acceptable scan times 

• MRI provides useful pieces of information in the diagnostic work 
up of patients with acute visual loss  

• The contribution of different MR modalities is offering new 
insights into the pathophysiology of acute optic neuropathies 

• It is likely that in the near future novel MR metrics to assess 
treatment response in clinical trials of acute optic neuropathies 
will be proposed, validated and used, and possibly enter in daily-
life clinical practice  

Conclusions 
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