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Imaging the optic nerve
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Size of nerve
e High in plane resolution
e Thin slices

Surroundings of nerve (fat, CSF, air-bone
interfaces)

e Fat-saturated sequences
e Fluid attenuated inversion recovery
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e Relatively fast sequences

with thanks to Prof. Gareth Barker

Barker et al., J Neurol Sci 2000



Imaging the optic nerve

STIR sequence 3DFT, T2w sequence

Fat saturated, T2w FSE sequence

Becker et al., Eur J Radiol 2010

Fat-saturated,
Gd-enhanced,
T1lw sequence

Tlw sequence

Eur J Radiol 2010

Becker et al.,

Aviv et al., Clin Radiol 2005
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Diagnosis and differential diagnosis

|.F.|:ullt' unilateral visien loss |

Check coler vision
Perfons o confronuticn viseal fledd exeminetion or formal perimeiny
Aggess five an RAPD
logizal evaluation including & dilated rdanal

Carmy oul a comp p

§ I !

Nommal ooular cxamination
Boormal or swelles optic disc

AMbnormal color vision
HAFD present
Retizal pallar

Alirmusted vessols
Chermry red macula

Abnormal color vision
oy wisual Beld delict
RAFD prresest

MNommnal color vison o BAPD
Mo EAPL Mormed coulrex
unless SEvEns visasn Io-ya_:]
Abnoemal ocular

i l

Acuie opfic neuropathy

2
oo
o
(@]
—_
>
Q
[
Q
+—
Mol Alnadinal vigoal 3
optis Feld defect ESR Cartid deplex ©
Sowollen optic disg CRF or
Flonsl et count CE MEA of norie =
] camotid anenics O
Ty uD
PICIH L L) BARIL pred D] horeces [
T =
S
< CE " £ £
naRl L -IIRP' —_
ochils | | Plareler 24 howr Holler stni tor ~
SOt Echocandingras ('_U
Aol Peri-oculer pain ‘q-,J
Paiin on ey mavemenl
10845 parimlessh I‘rcscm'—'l[);h:mmu;'—@ CE MEI bra [
Previous kistery of ON or M5 ‘g ©
Temporal S {ronlEneols i mpEovemenl in visien E
ert el ~
L
I

| Anvpical featumes l—i-l Presen l—' xR

.'.n.u.-l.qua.paem—i antibidees
T chésl
*Gallium scan
"FeFI3 FET scan
Bic{y of a2 cerable alToeed tisvos
Lebor s musatioms

hiopey

Awlmmmlng}-
and TebersulinManioss 16
AMA

disease 2014



Diagnosis and differential diagnosis
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Becker et al., Eur J Radiol
2010

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

Multiple sclerosis
e ON lesions are reported in 94-99% of MS

autopsy cases (Kolappan et al. J Neurol 2009)

e 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)

* Symptomatic lesion(s) are not excluded from the criteria and contribute to lesion count

Filippi et al., Lancet Neurol 2016



Fat-saturated T1-gd

Diagnosis and differential
diagnosis

NMO Spectrum Disorders

Barnett et al.,AJNR

2013

Diagnostic criteria for NMOSD with AQP4-1gG
1. At least 1 core clinical characteristic

2. Positive test for AQP4-1gG using best available detection method (cell-based assay strongly
recommended)

3. Exclusion of alternative diagnoses®

Diagnostic criteria for NMOSD without AQP4-IgG or NMOSD with unknown AQP4-IgG status
1. At least 2 core clinical characteristics occurring as a result of one or more clinical attacks
and meeting all of the following requirements:

a. At least 1 core clinical characteristic must be optic neuritis, acute myelitis with LETM, or
area postrema syndrome

b. Dissemination in space (2 or more different core clinical characteristics)
c. Fulfillment of additional MRI requirements, as applicable

2. Negative tests for AQP4-1gG using best available detection method, or testing unavailable
3. Exclusion of alternative diagnoses®

RCute myeNtis

3. Area postrema syndrome: episode of otherwise unexplained hiccups or nausea and vomiting
4. Acute brainstem syndrome

5. Symptomatic narcolepsy or acute diencephalic clinical syndrome with NMOSD-typical
diencephalic MRI lesions (figure 3)

6. Symptomatic cerebral syndrome with NMOSD-typical brain lesions (figure 3)

Wingerchuk et al., Neurology 2015



Diagnosis and differential

diagnosis
MS vs AQP4 vs MOG optic neuritis
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* MOG-ON and AQP4-ON: more commonly bilateral and longitudinally
extensive

* MOG-ON tends to involve the anterior optic pathways

* AQP4-ON tends to involve the posterior optic pathways




Diagnosis and differential diagnosis
LHON + MS

J Neuroophthalmol 2011

Van Westen et al,,

Kuker et al.,
Eur J Neurol 2007

La Russa et al., MSJ
2011

i Fat-saturated T1-gd
Vaphiades et al., ] Neuroophthalmol 2003 Cawley et al., Ir ) Med Sci 2010

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



Diagnosis and differential diagnosis

Ischemic optic neuropathy

Becker et al.,

Eur J Radiol 2010 Semin Ophthalmol 2010

Idiopathic intracranial hypertension

Neuroradiology 2006

Agid et al.,

Hickman et al.,, Imaging of acute
neurologic disease 2014

Infectious optic neuropathy
Tuberculosis

Ann Indian Acad Neurol 2013

Sivadasan et al.,

Optic compressive neuropathy
Mucocele of the sphenoid sinus

Becker et al., Eur J Radiol 2010
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Understanding disease pathophysiology

Demyelinating optic neuritis / Lesion features

Visual outcome vs longitudinal extent

Mean extent (no. Visuel outcome vs site
of abnormal
No. of nerves coronal skices) Site Poor or slow recovery
| Goed recovery 28 L.34* &mﬂi‘d Anterior 8/18 (44%)
Poor recovery 6 3.50* (range, 2-5) Mid-intraorbital 13/26 (50%
| Fast recovery 26 1641 (range, 0:3) | [Intracanalicular 11/15 (73%) |
Slow recovery 10 2.70% (range, 0-4)

* and t indicate p < 0.01 {chi-squared analyais).
P (chi-squa 2 Miller et al., Neurology 1988

: H H : Gd enha t of opti
Correlation with visual acuity ennancement of optic nerve _ _
n Mean visual Mean visual Mean visual Median
ity it t i t i t
after treatment treatment  treatment o ofONto
MRI
Total 77 045 = 0.04 084 =+ 0.03 0.40* 4+ 0.04 S days
Length of T2 lesion Length of Gd enhancing lesion » SEM SEM SEM
SI0n
-0,25 -0,3791 localisation
0.03 0.0012 intraorbital 55 0.46 0.80 @ S days
- - canalicular 34 047 0.85 0.39 6 days
77 70 intracranial 18 0.39 0.81 0.40 6 days

Chiasmal 3 057 0.90 0.33 7 days

Berg et al., Plos One 2015



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.



Understanding disease pathophysiology

Dmyelinating optic neuritis / Atrophy

¥ 4

Control eyes  Patient unaffected Patient affected

(m = 15) eves (m = 25) eves (rn = 23)
Optic nerve area 12.7 (2.4) 11.8 (2.0) 0.0(1.5)
(mm) P.=0.19 P < 0.001
P 0,001
- EMNFL thickness 1029 {14.6) 04 6 14.9) 687 (18.8)
() Fo=012 Po=0.001
Dine year Pe=< 0.001
Macular vohune 6.83 (0.51) 0.71 {0.33) 6. 10 (0.39)
-4 (mm’) P, =049 P. < 0.001
o - Pe=0.001
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= = P < 0.001
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f_: - Visual acuity (logMAR) r=—0.350
Z v P =001
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Trip et al., Neurolmage 2006
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Understanding disease pathophysiology

Demyelinating optic neuritis / Microstructural damage

35.3

34.6
33.1

30.2
29.

26

Average MTR [%]

MTR

[Icontrols (36)
[ MS/unaffected ON (18)

[ mS/affected ON recovery (20)

MS/affected ON/
no recovery (21)

] LHON (20)

Inglese et al., Arch Neurol 2002
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Understanding disease pathophysiology

Demyelinating optic neuritis / Prognosis
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Low baseline AD associated 6 month:

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

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



Demyelinating optic neuritis /
Optic radiations and visual cortex
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Understanding disease pathophysiology

Rocca et al.,, MSJ 2013

Dependent variables

FA RD (mm?fs)
Optic nerve measure® Standardized regression coefficients
(95% CIl) from multivariate analyses
Affected optic ve area at basel —0.081 —0.147 0.2569
L33 LfSl3 0oy

0.535
(0207, 0.863)

—0.401 0.0069"
(—0.762. —0.039)
0337 T

Lesion length of affected optic nerve at 6 mon

Gd-enhanced lesion length of affected oprtic nel

ths

rve at baseline

U556
(—0.268, 0.779)
0218
(—0.077, 0.513)
—0.074
(—0.327, 0.179)
0117
(—0.128, 0.361)
0.161
(—0.126, 0.449)

(—1.243, 0.549)

—0.469 0.1058
(—0.874, —0.063)

0.048 0.7985
(—0.288, 0.384)
—0.096 05610
(—0.502, 0.310)
—0.276 0.3860

(—0.663, 0.112)

GM MTR

."/f

Tur et al., Brain 2016

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)

Audoin et al., Brain 2006



Understanding disease pathophysiology

Demyelinating optic neuritis / Cortical reorganization (fMRI)

Unaffected eye

2

p=0.007

Affected eye

MR response LOCs

Affected eye baseline

Unaffected eye
months (LogMAR)

Affected eye

Russ et al., ) Neuroimaging 2002

Affected eye visual acuity at 12

Jenkins et al.,

Ann Neurol 2010



Understanding disease pathophysiology

NMO

Atrophy

Pichiecchio et al., MSJ 2011

Rueda Lopes et al.,
J Neuroimaging 2015

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

DTI

Pichiecchio et al., MSJ 2011

OR
Visual KFS Score
Diffusion Index rValue FValue
| Mean diffusivity {><10=* mm®/sec) 0,523 g22* |
Fi 0.106 866
[, (<10~ F mm¥/sec) 0.504 027 |
Aog (107* mm3/sec) 0.285 236

Yu et al., Radiology 2008



Understanding disease pathophysiology

LHON
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Understanding disease pathophysiology

LHON / Cortical reorganization
Cortical thickness in LHON carriers RS fMRI
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Rocca et al., Plos One 2011



Understanding disease pathophysiology

Dominant optic atrophy and OPA1 mutations
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Rocca et al., J Neurol 2015



Understanding disease pathophysiology

Glaucoma

RS fMRI

Frezzotti, Giorgio et al., Plos One 2014

Frezzotti, Giorgio et al., Plos One 2014
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Conclusions

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
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