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Summary

My PhD project suggests a novel diagnostic approach for diagnosis and monitoring optic neuritis
(ON) and its correlation with biomarkers.

ON is a condition that predominantly affects young adults and usually presents as a painful
subacute unilateral impairment of vision

ON is defined as inflammation of the optic nerve, which is mostly idiopathic. However it can be
associated with variable causes (demyelinating lesions, autoimmune disorders, infectious and
inflammatory conditions). The most common cause is the manifestation of multiple sclerosis (MS),
and its pathology is similar, being an inflammatory demyelination. Spontaneous recovery of vision
usually follows, which can be accelerated by the use of corticosteroids. In rare cases, a systemic
disease such as sarcoidosis, lupus or Sjogren syndrome may be diagnosed. Over the past two
decades due to discovery of new autoantibodies and biomarkers; and availability of new high-
resolution imaging techniques for the optic nerve and retina, the spectrum of ON is extended. Other
forms including neuromyelitis optici (NMO) spectrum disorder and chronic relapsing inflammatory
optic neuropathy (CRION) must be recognized as early as possible, because these individuals are
at risk of severe visual loss and the requirement of specific therapies. Because of the localization
and the manifest clinical deficit lesion the optic nerve is suitable for more investigation. In the first
paper i demonstrated that transorbital sonography (TOS) is a promising tool to support and confirm
the clinical diagnosis of acute ON. TOS may show a significant thickening of the optic nerve
diameter (OND) of the affected side, due to breakdown of brain blood barrier and subsequent
inflammation in subarachnoidal space. Furthermore for the first time first in a second paper we

could show a good intra and inter observer reliability of optic nerve and sheaths in healthy subjects.

In a third paper we followed a cohort of patients affected by the first episode of ON. We wanted to
measure ultrasound features of optic nerve after 12 months. We tried to observe if this investigation
was able to show any atrophy. We found a small persistent significant impairment of visual
outcome in the affected as well as in the fellow eye after 1 year in idiopathic as well as in multiple

sclerosis-ON.

The fourth paper and principal research described in this thesis analyzed the role played by serum
osteopontin (OPN) and phosphorylated neurofilament heavy chain (NfH) levels in a cohort patients
affected by first episode of ON in the acute phase as well as after 12 months. These biomarkers

were compared with visual outcome and results of TOS.

OPN is a proinflammatory cytokine capable to inhibit lymphocyte apoptosis involved in the anti-viral
response but also in the immune response homeostasis. OPN is produced by immune and non-
immune cells. Our laboratory previously demonstrated that the OPN plays a role in development

and progression on multiple sclerosis (MS).



An established biomarker for neurodegeneration are body fluid Neurofilament Heavy chain levels
(NfH). Blood NfH levels have been shown to be elevated in patients with acute ON compared with

control subjects.



Introduction

1. Optic Neuritis

ON is a common condition that causes reversible loss of vision and is characterized by acute
inflammation of the optic nerve. It has a lot of causes. The differential diagnosis is extensive, and

prognosis and treatment depend on the cause.™?

The phenotypic spectrum includes single isolated optic neuritis (SION), relapsing isolated optic
neuritis (RION), chronic relapsing inflammatory optic neuropathy (CRION), multiple sclerosis
associated optic neuritis (MS-ON) (In temperate latitudes and white populations it is most
commonly cause), 3 Neuromyelitis Optica-ON (NMO-ON) and unclassified optic neuritis (UCON) .
Until now no consensus has been reached on how to investigate patients who present with acute
ON.*

2. Prevalence

Patients with acute ON are typically healthy young adults with a female preponderance with a ratio
of approximately 3:1. > The annual incidence of ON is estimated at 5 per 100,000. ON is seen more

commonly in Caucasians, and quite rarely in black populations. e

3. Clinical features and diagnosis

ON is classified on clinical grounds into typical and atypical forms (see table 1).The typical ON is
generally associated with multiple sclerosis (MS) or is regarded as a demyelinating clinically
isolated syndrome at risk of conversion to MS in white populations. The atypical ON can be
recognized because of an atypical clinical presentation as well as an atypical course ! Moreover
ON can be distinguished based on etiology in immune-mediated ON, which itself can be
subclassified into several types including MS-associated optic neuritis (MS-ON), optic neuritis
associated with neuromyelitis optica (NMO-ON), ON associated with systemic disorders
(connective tissue disease, granulomatous disease, infective conditions), and other idiopathic ON
without systemic disease (recurrent, isolated optic neuritis, chronic relapsing inflammatory optic ,

solitary isolated optic neuritis)" (table 2).

Furthermore in relation to the location of involvement, ON can be categorized as: 1. retrobulbar
neuritis (2/3 of cases) with normal optic disc appearance; 2. papillitis with swollen disc; 3.
perineuritis, which involves the optic nerve sheath while the optic disc may or may not be swollen
(present in patients, in non-Western countries, with Behcget disease (BD); 4. neuroretinitis with optic

disc oedema and macular star exudates. ’



Retrobulbar neuritis and papillitis are mainly associated with MS while perineuritis and
neuroretinitis are more often associated with infectious or inflammatory, vasculitic, autoimmune

disease or toxic pathologies.1

The most common symptoms are unilateral discomfort around the eye which increased by eye
movement. Within few days is followed by subacute vision loss (diffuse blurring or fogging of
vision), periocular and retrobulbar pain, abnormal color vision (dyschromatopsia). Other described
symptoms consist of phosphenes (seeing light without light actually entering the eye.), Uhthoff 's
phenomenon (exercise or heat-induced deterioration of visual symptoms) and the Pulfrich
(misperception of the direction of movement of an object). A relative afferent pupillary defect is

usually seen, although involvement of the other optic nerve might mask it

Typical ON Atypical ON

Persistent severe visual loss without
recovery within 3-5 weeks or continued
exacerbation in visual function

Acute to sub-acute onset
promoting over a several hours 6
to 2 weeks

Young adult patient with peak
manifestation between 15-50
years of age

Age >50 or <12 years

Periocular pain (90%) especially
with eye movement

Painless/painful/persistent pain > 2 weeks

Unilateral loss of visual acuity
variable in severity

Severe visual loss (no light perception)
which progress for >2 weeks from onset

Uhthoff’'s phenomenon

Pulfrich phenomenon Simultaneous or sequential bilateral ON

Ipsilateral relative afferent
pupillary defect (RAPD).

Family history

Spontaneous visual improvement
in >90%

No deterioration in vision after
steroids discontinuation

Deterioration in vision after steroids
discontinuation

Dyschromatopsia

Previous history of neoplasia

Wide range of visual field defects,
classically central scotoma,
depending on stage of
examination of patient

Worsening of visual function after
reducing or stopping steroids or
immunosuppression




Color vision impairment Abnormal ocular findings, retinal
abnornalities

Fundus impaired with Unexplained optic atrophy lacking history
swelling(papillitis), ¥4 of ON or MS

combinations of perivenous
sheathing, 50% normal

Transient phenomena: flashes of
light

Table 1. Features of Typical and Atypical and Optic neuritis

4. Laboratory investigations and differential diagn osis

Diagnosis of ON can be made clinically. All patients should underwent a neurologic and
ophthalmologic examinations, including visual acuity assessment, direct ophthalmoscopy and
laboratory examinations, including vasculitis screening and aquaporin-4-specific serum
autoantibody. MRI imaging should performed to exclude other causes of ON or compressive

lesions.”

After diagnosis of ON, a clinical distinction should be made between typical and atypical forms
(table 2).

In most patients with typical MSON, there is no evidence to suggest a need for routine blood tests
or cerebrospinal fluid (CSF) examination.” Additional blood investigation is warranted in patients
with an atypical presentation and clinical course (table 1) as well as in the first episode of acute
ON.

Patients with atypical ON can be classified into those with systemic disease and those without.ON
without systemic disease includes patients with neuromyelitis optica-optic neuritis (NMO-ON) and
corticosteroid-dependent chronic relapsing inflammatory optic neuropathy (CRION). Systemic
disorders associated with atypical optic neuritis include sarcoidosis, connective tissue diseases
(eg, lupus), and vasculitis (eg, Wegener's granulomatosis). Many patients who are not
corticosteroid-dependent could isolated ON without systemic or neurological disease. These
patients are diagnosed retrospectively, after extended follow-up, with solitary optic neuritis or
recurrent optic neuritis. Solitary ON is rarely associated with NMO seropositivity (about 5%) and

tends to be a common retrospective diagnosis when brain MRI is normal.

Depending on the suspected differential diagnosis we have to consider specific laboratory
investigations such as Vit B12 in toxic and nutritional optic neuropathies, erythrocyte sedimentation

rate in case of ischemic optic neuropathies etc.



The differential diagnosis comprises ocular disease, inherited optic neuropathies, toxic and

nutritional optic neuropathies, ischemic optic neuropathies, infectious optic neuropathies, other

inflammatory optic neuropathies and corticosteroid-responsive neuropathies.

optic neuritis
(RION)

relapsing and
isolated episode
of ON

relapses, red
flags

ION

Nosology Definition Diagnosis Paraclinical test Reference
Isolated optic A single and Red Flags MRI sign s of Petzold, A. et al. ®
neuritis (ION) isolated episode inflammation, but

of ON brain and spinal
cord imaging are
essential normal
Relapsing isolated | A spontaneously | Spontaneous MR finding for Petzold etal®

Chronic relapsing Relapses of Relapses, on | Seronegative for | Kidd D etal ®
inflammatory isolated steroid AQP4-1gG
optic neuropathy episodes of ON | withdrawal
(CRION) on steroid
withdrawal
Neurom yelitis spontaneously Relapses, Seropositive for Wingerchuk, Det

0

evidence for
dissemination in
space and
dissemination in
time

optica-optic relapsing poor recovery | AQP4-1gG al®
neuritis (NMO-ON) | episodes of ON
MRI
Multiple sclerosis An episode of Good recovery | MRI findings Polman, C. et al."
optic neuritis (MS- ON in within 2 typical for
ON) association with | months in multiple sclerosis
radiological most cases

Vasculitis optic
neuropathies and
other
inflammatory
(postvaccinations,
postinfectious)
ON

Atypical
course,more
frequent in
africans
(sarcoidosis),

Relapse when
corticosteroids

MR, orbits, chest
radiography,
ANA, serum ACE

1I;ieynolds Jetal,

Table 2 Definitions and diagnosis of optic neuritis (from Petztold A.)




5. Course and prognosis

Most of patients (85-95%) with acute demyelinating ON recover their vision. The peak of visual loss
usually occurs two weeks after the disease onset. Recovery starts after three weeks and the

majority shows complete recovery after five weeks. "

Another diagnosis should be taken in account by progressive visual worsening for more than 2

weeks, or lack of recovery after 8 weeks. ***°

Less than 10% of patients were reported to suffer from visual impairment one year after illness and
35% of patients may develop recurrent attack. Even if the final visual acuity is normal, patients may
be aware of a range of residual symptoms, which are not, however, usually troublesome. Some
impairment of contrast sensitivity function and colour vision and of depth perception may interfere

some activities.*®

It is not possible to predict the likelihood of demyelination based on solely clinical grounds.
MRI of the optic nerve has provide evidence that physically long lesions (more than 1 cm),
particularly when they involve the portion of the nerve in the optic canal, are significantly associated

with persistent visual impairment. *’ Recurrence of ON, in either eye occurs in 20-36% of patients.

6. Pathophysiology

The most common pathologic basis for ON is inflammatory demyelination of the optic nerve. The
pathology is similar to that of acute multiple sclerosis (MS) plagques in the brain, with perivascular
cuffing, edema in the myelinated nerve sheaths, and myelin breakdown.

Firstly an activation of systemic T cell occurs at symptom onset and precedes changes in
cerebrospinal fluids and normalizes after 2-4 weeks. Activated peripheral T cells migrate across the
blood—brain barrier and release cytokines and other inflammatory agent. *®

B cell activation against myelin basic protein can be identified in the cerebrospinal fluid of patients
with optic neuritis Y There is good evidence using of gadolinium (Gd)- enhanced MRI that the
occurrence of Gd-DTPA enhancement in immune-mediated demyelinating disease indicates the
presence of inflammation.?® The earliest detectable event in the development of a new lesion in
multiple sclerosis is an increase in permeability of the blood-brain barrier in association with
inflammation.”* Over the next few weeks oedema develops and is often extensive. Inflammation
ceases after approximately one month and over the next few weeks the oedema resolves to leave
a small residual area of abnormal MRI signal. Optic Neuritis Treatment Group (ONTT) results have
shown that the use of intravenous steroids results in faster visual recovery but does not affect the
final visual outcome and that the use of oral steroids alone increased the risk of recurrence. %
Another indication for treatment with intravenous methylprednisolone may be monocular patients,
patients with significant bilateral visual loss, or those with occupations requiring faster recovery to
normal visual acuity. Also this treatment slightly shortens the time of recovery but does not prevent

neurodegeneration and persistent visual impairment.



Intravenous immunoglobulin (IVIG) and plasma exchange have been considered in the treatment

of acute ON but have yielded little to no beneficial effect 2***

Regarding the neuroprotection Raftopoulos R et al. in a recently randomised, placebo-controlled
using phenytoin showed a significant trend of less decrease of retinal nerve fibre layer (RNFL)
thickness in the affected eye at 6 months (10% of RNFL thickness), compared to placebo
(decrease of 30% of RNFL thickness [95% CI 1.08-13.22]; p=0.021). These preliminary results
suggest concept of neuroprotection with phenytoin in patients with acute ON at concentrations at

which it blocks voltage-gated sodium channels selectively.”

Another randomised trial is in progress and analysis the efficacy of erythropoietin compared to
placebo given add-on to methylprednisolone as assessed by measurements of RNFLT-G and low-

contrast visual acuity in the affected eye 6 months after randomisation 2

7. Investigations

Because of its localization and easy access, the optic nerve is suitable for more investigations.
Advances in visual evoked potentials (VEPSs), MRI, optical coherence tomography (OCT) and not at
least TOS may provide insight into pathophysiology of ON.

Magnetic resonance imaging (MRI) is the most important investigation for assessing an associated

risk of multiple sclerosis.

Retinal optical coherence tomography (OCT) shows precise documentation of changes in

thickness of retinal layers. VEPs identify conduction block or delay reflecting demyeliniation.

TOS has been recently identified with high sensibility to identify a demyelinating acute optic

neuropathy.

On the following pages we summarize some of the main techniques used in the investigations of
ON.

8. Utility of MRI imaging

The principal use of MRI in optic neuritis is to check for asymptomatic brain lesions which can help
in assessing the prognosis for subsequent development of MS in a patient with clinically isolated
optic neuritis2?

During acute optic neuritis, a common MRI finding is contrast enhancement of the optic nerve,
indicative of BBB breakdown.?®

Hickman et al. observed the sensitivity of MRI at detecting the symptomatic lesion in acute optic
neuritis (AON): sensitivities of 95% for fat-saturated, fast spin-echo (FSE) imaging [5], 94% for the
enhancing lesion on fat-saturated T1-weighted imaging following®. Moreover the author reported
another finding consisting in dilated subarachnoid space at the anterior end of the symptomatic

optic nerve on FSE imaging was seen in 15/33 cases. Optic nerve sheath dilatation may be due to

10



inflammation of the optic nerve, with its associated swelling, interrupting the communication
between the subarachnoid space of the diseased optic nerve and the chiasmal cistern. 28

Recently Stig P.in a pilot study showed that blood—brain barrier permeability can be investigated by
some sequences of MRI (by use of dynamic contrast-enhanced T1-weighted MRI (DCE-MRI) and
may provide novel pathological information as a marker of neuro-inflammation.

The baseline permeability in normal-appearing white matter helped to predict the conversion from

optic neuritis to multiple sclerosis. 29

9. Optical coherence tomography

Optical coherence tomography (OCT) relies on interferometry of near-infrared light to construct
very high-resolution images of the retinal layers. The most visible layer is the retinal nerve fibre
layer (RNFL), comprising unmyelinated axons in a supportive connective-tissue framework. The
retinal nerve fibre layer axons originate from retinal ganglion cell bodies, and continue through the
optic nerve, chiasm, and tract (where they are myelinated), to synapse in the lateral geniculate

bodies.

OCT permits accurate documents changes in thickness of retinal layers. and may be used for the

diagnosis of the primary demyelinating optic neuritis. %0

Firstly OCT can show a thickening or swelling of the peripapillary RNFL, that corresponds to an

acute optic disc swelling, which is well recognized in the acute phase of ON.*

Microcystic macular oedema (MMO) is not specific for NMO or MS-ON, but recent evidence
indicates that MMO and thickening of the INL are more frequent in NMO than in MS-ON. 8

Secondly a median decrease of 20% in retinal nerve fiber layers can be observed after an episode
of ON. ¥ This decrease can be the result of a pathology in the retinal layers resulting in
anterograde (Wallerian) degeneration, leading to thinning of the RNFL; second, pathology of the
optic nerve, such as an acute ON attack, causing axonal transection and loss (direct retrograde
degeneration); and third, posterior visual pathway lesions that lead to thinning of the RNFL by

trans-synaptic (via the lateral geniculate nucleus) retrograde axonal degeneration®?

10.Visual evoked potentials

The visual evoked potential (VEPS) tests the function of the visual pathway from the retina to the
occipital cortex. It measures the conduction of the visual pathways from the optic nerve, optic
chiasm, and optic radiations to the occipital cortex. > A normal VEPs response to a pattern-
reversal stimulus is a positive mid occipital peak that occurs at a mean latency of 100 ms.VEPs
may be affected by variety of physiological factors including age, sex, visual acuity and pupillary

size. *®

The peak latency of pattern-reversal VEPs is a sensitive measure of conduction delay in the optic

nerve caused by demyelination®* .Although the VEP is very useful for detecting an anterior visual
11



conduction disturbance, it is not specific with regard to etiology. A tumor compressing the optic

nerve, an ischemic disturbance, or a demyelinating disease may cause delay in the P100. *°

This investigation is more sensitive than MRI or physical examination for prechiasmatic lesions. It
represents an objective and reproducible test for optic nerve function. The abnormality observed
persists over long periods. It is inexpensive as compared with MRI. VEPs abnormalities will also be
seen in patients with refractive errors, pure retinal dysfunction, compressive lesions of the optic

nerve, Parkinson disease or migraine.*®*’

11.B-mode transorbital ultrasononography

B-scan sonography can image the optic nerve, and allows to measure the sheath diameter on line.

In the last two decades some authors showed that transorbital sonography (TSO) is a sensitive,
highly accessible and user-friendly technique for the detection of significant optic nerve thickening
on the side affected by AON and represents an adjunctive tool for the diagnosis of ON.

An increased OND was found in 78-96% of patients .Three studies determined papillitis in 6-31%
of patients. 3843

The thickening of the optic nerve is likely to be related to the inflammation of the optic nerve. The
mechanism supposed leading to optic nerve enlargement is the increase in the perineural
subarachnoid fluid determined by inflammation causing by an impairment of axoplasmic flow.
Another finding measured is the disk swelling related to an anterior localized inflammation/plaque
of the optic nerve. Papillitis can result from compression of the nerve, stasis of axonal transport,

and subsequent swelling of the optic nerve axons.

According to new developments of TSO, our group tries to estimate the optic nerve sheath

diameter (ONSD) and optic nerve diameter (OND) in acute ON.

12.Biomarkers: Osteopontin

Osteopontin (OPN) is an acidic phosphoprotein expressed in activatedCD4+T cells. It contains a
binding site for a431 integrin, and acts as an inflammatory cytokine to promote T helper 1 (Th1) cell
responses and Th17 responses and inhibit the Th2 response, but that this function is suppressed
by IFN- %

OPN is a disease marker for metastatic cancer, granulomatous diseases such as sarcoidosis and

46-48

tuberculosis. In studies of plasma OPN levels in patients with MS conducted in Europe and the

United States, it was found that OPN levels were higher during relapse than during remission. *°

Another 5-year follow up study found that OPN O correlated to disease severity and relapse rate of
multiple sclerosis (MS). *° These results suggest that OPN may provide an indicator of the

response to treatment in MS patients '

In another Japanese study a diagnostic sensitivity and specificity of plasma OPN for MS and NMO

of 100% and 50%, respectively (cut-off point: 31.3 ng/ml). These findings suggest that elevated
12



plasma OPN levels could be a potential biomarker for not only MS but also NMO. OPN may play

an important role in inflammation disease activity, and disease progression, as well as MS.*

13.Neurofilaments

A well known biomarker for neurodegeneration are body neurophylament (Nf). Damage to human
central nervous system initiates a proteolytic cascade which causes release of Nf from neurons

* Nf move later from the extracellular fluid into the

and axons into the extracellular fluid.
cerebrospinal fluid (CSF). Finally they spread out into the systemic blood circulation. Consequently

quantification of Nf consents an estimation of the amount of neuroaxonal damage.>

It is important to remark that elevated serum for special Nf (Cerebrospinal Fluid levels (CSF) of the
Nf heavy chain) (NfH SMI35) NfHSMI35 levels can also be observed in a lot of neurological

55,,56

conditions such as, traumatic brain injury™", subarachnoid haemorrhageS7, and motor neuron

disease *® as well as in not neurological condition such as glaucoma >°

Nf heavy chain concentations were higher in patients with NMO (mean 0.75 ng) compared with the
levels found in multiple sclerosis (MS, 0.09 ng/m and control subjects). Moreover It's been shown
that its level correlates inversely with visual loss and the retinal nerve fiber thickness as assessed

by retinal optical coherence tomography (OCT) *°

Blood Nf heavy chain (NfH) levels have been shown to be elevated in patients with acute ON

compared with control subjects. ot

A longitudinal assessment of blood NfHSMI35 levels could be useful to identify more severely

disabling events in relapsing conditions and help subsequent therapy response.

13



Our studies sought to describe a new noninvasive, inexpensive tool, and easy procedure, which

may represent a promising tool to support the clinical diagnosis of acute ON.

Furthermore we tried to explore the relationship between optic nerve sheath diameter (ONSD) and
amount of diffuse inflammatory axonal pathology in patients with ON.

Finally we will consider the correlation between biomarkers of inflammation (osteopontin) and
neurodegeneration (neurofilament) and TOS.

14
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ORIGINAL RESEARCH
HEAD & NECK

Transorbital Sonography in Acute Optic Neuritis:
A Case-Control Study

P. Lochner, R. Cantello, F. Brigo, L Coppo, R. Mardone, F, Tezzon, O. Raymkulova, G. Strigaro, C. Comi, and MA. Leane

ABSTRACT

BACKGROUND AND PURPOSE: Acute unilateral optic neuritis is associated with a thickening of the retrobulbar portion of the optic
nerve as revealed by transorbital senography, but no comparisen has been made betweennerve sheath diameter and optic nerve diameter
in patients with acute optic neuritis versus healthy controls. We evaluated optic nerve sheath diameter and optic nerve diameter in
patients with acute optic neuritis and healthy controls and compared optic nerve sheath diameter and optic nerve diameter with
visual-evoked potentials in patients.

MATERIALS AND METHODS: A case-control study was performed in 2 centers. Twenty-one consecutive patients with onset of visual loss
during the prior 10 days and established acute noncompressive unilateral optic neuritis were compared with 21 healthy controls, matched
for sex and age (5 years). Two experienced vascular sonographers performed the study by using B-mode transorbital sonography.
Visual-evoked potentials were performed on the same day as the transorbital sonography and were evaluated by an expert neurophysi-
ologist. Senographers and the neurcphysiologist were blinded to the status of the patient or control and to clinical information, including
the side of the affected eye.

RESULTS: The median optic nerve sheath diameter was thicker on the affected side (63 mmy; interquartile range, 5.9-7 2 mm) compared
with the nonaffected side (5.5 mm; interquartile range, 5.1- 6.2 mm; P < 0001} and contrels (5.2 mm; interquartile range, 4.8-5.5 mm; P <
.0001). The median optic nerve diameter was 3.0 mm (range, 2.8-3] mm) on the affected side and 2.9 mm (range, 28-3.1 mm) on the
nenaffected side (P = not significant.). Both sides were thicker than those in controls {27 mm; interquartile range, 2.5-2.8 mm; P = .001 and
.009). No correlation was found between optic nerve sheath diameter and optic nerve diameter and amplitude and latency of visual-
evoked potentials in patients with optic neuritis.

CONCLUSIONS: Transorbital sonography is a promising tool to support the clinical diagnosis of acute optic neuritis. Further studies are
needed to define its specific role in the diagnosis and follow-up of optic neuritis.

ABBREVIATIONS: ON = aptic neuritis: OND = optic nerve diameter; OMNSD = optic nerve sheath diameter, TOS = transorbital sonography; VEP = visual-evoked
potentials

ptic meuritis (ON) is an acute inflammation of the optic
nerve that may cause a complete or partial loss of vision. The
classic triad for its clinical diagnosis is visual loss, periocular pain,
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and dyschromatopsia.’ ON typically occurs in young adults with
an approximately 3:1 female-male ratio. ON is mostly idiopathic
but may be associated with autoimmune disorders and infectious,
inflammatory, and demyelinating diseases, especially multiple
sclerosis, It is diagnosed through a complete ophthalmologic and
neurologic evaluation and a prolonged latency of the visual-
evoked potentials (VEP). MR imaging with gadolinium is valu-
able for differential diagnosis.”

Previous studies have shown that transorbital sonography
(TOS) reliably investigates the optic nerve owing to its low reflec-
tivity and the high reflectivity of the perineural sheath and orbital
fat.* TOS has been recognized as an accurate, noninvasive method
to identify papilledema.*” Some TOS studies have shown that the
optic nerve may be enlarged in acute ON,"™ " though the validity
of this technigue for the diagnosis of ON has not yet been recog-

AIMR Am | Meurcradiol @@ @ 204 www.ajnr.org 1
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FIG L Transorbitsl sonography in optic newrdtis. A-C, Sonographic examinations of the eve are performed in B-mode imaging 0 a control
subject A, Optic nerve sheath diameter in the control eye is 3 mm behind the papifia [} [dotted arrow) in an axial plane showing the optic nerve
(2} in its bongitudinal cowrse. The dotted arow' (3} denotes the ONSD. B, B-scan shows an optic neurttis increase of ONSD feft. 6.3 mm]. C, In
patients with optic neuritis with disc swelling, optic disc elevation is gauged between the fundus and the dome of the papilla

nized. ** Mo sonographic data are available to distinguish enlarge-
ment of the nerve itself froms that of its sheath, though an enlarge-
ment of the sheath in acute ON has been described with MR
imaging.'*

Previous studies did demonstrate good accuracy and reliabil-
ity of sonographic quantification of optic nerve sheath diameter
(ONSD).t41=

The primary aim of this study was touse TOS to assess enlarge-
ment of the optic nerve and its sheath in acute ON by measuring
optic nerve diameter ({OND) and ONSD. The second aim was to
identifywhether OND and ONSI vaboes were associated with any
WVEP abnormalities in cases of acute ON

MATERIALS AND METHODS

Patients

All consecutive patients presenting io the Newrology Oratpatient
Clinics of the Novara and Merano Hospitals between December
2012 and October 2013 with a diagnosis of the first acute episode
of demyelinating onilateral ON were invited 1o enter the study.
The smady was approved by the local ethics committees and was
performed in accordance with the Declaration of Helsinki. Writ-
ten informed consent was obtained from all persons before enter-
ing the smdy.

All patients underwent neurologic and ophthalmologic exam-
inaticns, incheding visual acoity assessment, direct ophithalmos-
copy, and laboratory examinations, inchoding vesculitis screening
and antineuromyelitis optica antibodies. MR imaging was per-
formed to exclude other causes of ON or compressive lesions.
Inclusion criteria were 18-50 vears of age, visual loss with onset
= 10 days before the visit, and diagnosis of ON according to the
Optic Neuritis Study Group. ' Exclosion criteria were bilateral or
recurrent ON, suspected ischemic optic newropathy, Tecent ste-
roid treatment, and recent lambar puncture.

Controbs were 21 healthy volunteers, maiched to patients by
sex and age { =5 years) and selected among students, university
personnel, relatives of patients admitted to the hospital, and their
friends. Controls were examined {o exclude a diapnosis of MS,
OM, or other neurologic diseases; thase with o relative affected by
M5 were excluded.

Patients and controls with a history of any major systemic
diseases, including cardiovascniar disease, arterial hypertension,
hyperlipidemia, or diabetes. and pregnant or breast-feeding
& 1o
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women were excluded. The interval from the onset of symptoms
was clcolated from the first day the patient experienced visual
foss or retro-orbital pain to the date of TOS,

Procedure

TOS was performed in patients and age- and sex-matched con-
trols by 2 expert somographers (PL. and L.C}. VEP were per-
formed only in paticnts, to avoid discomfiort due 1o needie elec-
trede placement in healthy controls, and were evaloated by an
expert nenrophysiologist (G.5.). TOS and VEP were always per-
formed on the same day and before the onset of steroid treatment.
Operators were unaware of the side involved (sonographers, VEP
technicians, newrophysiclogist] and of the condition of patients
or controls (sonographers). To ensure blinding, we asked patients
ard healthy controls net to reveal their affected side (or their
statns) during examinations, nd they were always placed on the
tilt table before the arrival of the sonographer.

Transorbital Sonography
TOS was performed in B-mode by using a Vivid 7 sonography
svstemn with a 7- to 11-MHz linear array transducer {GE Health-
care, Milwankee, Wisconsin) and an Aplio XG equipped with a 4-
io 11-MHz 5 51 Linear Probe (Toshiba Medical Systems, Nasu,
lapan}. A procedure described previously in the literature was
used. " Subjects were examined in the supine position with the
upper part of the body and the head elevated 1o 20°-3 to avoid
any pressure on the eve and were asked (o keep their eyes in a
midposition and to suppress eve movements

Far safety reasons due o possible biomechanical side effects,
the mechanical index was reduced 00,2, The probe was placed on
the temporal part of the chosed npper evelid by using a thick layver
of sonograpiy gel. The anterior part of the optic nerve was de-
picted in an axial plane showing the papilla and the optic nerve in
its longimdinal course, ONSD and OND were assessed 3 mm
behind the papilla. To measare the QNS we quantified the dis-
tance between the external borders of the hyperechogenic area

surrounding the optic nerve. We measured the OND, marking the
internal borders of this formation { Fig 1), To minimize inirack-
server variability, we examined each budb 3 timies and calculated
the means. Senography was also used to evaluate the presence of
papilledema®* The presence of papilledema, evaluated by assess-
ing optic disc elevation, was measured between the fundus and the



Clinical and sonographic features of patients with optic neuritis and healthy control subjects

Characteristic oM Controls* PValue® OM-MS Isolated OM P Walue®

Mo, of patients rl a il 1]
Ape meanj (50 fyr] kR M21a7 M5 269,95 M0.M M3
Time to LS examination: {mediany (IQR) (days) 537 7.3 437 M5
BMI jmean) {50 (Kg' m7) 46,48 136,41 NS
Oiptic nerve sheath dismeter (mm)™

Affected eve (median) (KR} 63,5572 L1 4855 == 0001 62, 56-TE 63,59-70 M5

Feflow aye (madian) (10R) 555161 NS 55,5061 L6, 51-6.4 S
Optic nerve diameter {mm)*

Affected eve (median) POR) 30,28-32 17,1518 0o 19,2850 312833 M3

Fellow aye (median] [IOF) 1% 18-11 o9 1927-1% 30.28-32 M5
VEP amplitude (V)

Affected eye (median) (KR} 5311122 TL1-112 40,26-23 M5

Feliow eye (median] (I2R) 84,3315 45 18-87 L9151 NS
WEF latency {ms)

Affected eye fmedian) FOR) 124, 5139 9, ns-128 T4 T2 M5

Fellow eve jmedian) (IQR) 107, W3-T4 104, 103-TH 08, W61 M5

Hotee— DR indicates interquartile ranga: ON-M5, optic nearitis n patientswith prior relapaes of multiple sderose US, wiasound, B, body mass indar; M5, not significant
*Tha awerage vaue betwaen the rght and left aye wa wsed s 5 meaare of OND and CNED in healthy controls.

B laval of ugnifimnce at I, according 1o tha Banferroni cormection for multipls comparons.

FLevd of spnificance 2 008, aceonding to the Borderroni corection for mudtple compansores

 The: compartzon af the sifacted and fellow aya wea gt [F =2 000) 0 22 Ob, OGS, and isclated O

" Tha comparison of tha Ffected and fellow oye was not significart mall O, O8-MS, and tsolated DR

dome of the papilla {Fig 1). Agreement between the 2 sono-
graphers was preliminarily assessed for ONSD and OND by using
the same device in @ healthy subjects (see “Statistical Evaluation™}.

Patterr-Reversal Visual-Evoked Potentials

Standard pattern-reversal VEP were performed according to re-
cent guidelines'” with 4-channel cquipment [(Medtronic Key-
point, Denmark ). The visual stimubus was a black-and-white pat-
tern checkerboard (24 % 321 with 90% contrast, generated onan
LED monitor {1 7-inch, high-resolution display; Acer, MNew Taipei
City, Taiwan), with stimulus frequency, 2 Hi observation dis-
tamce, 100 cm. Patients were preadapted to the room lighting. and
all recordings were performed under dim room lights. Patients
were instructed to fix on the red point in the center of the screen
withy their best refractive correction during the monocular stim-
ulation, The recording electrode was placed on Og, the reference
electrode was placed on Cz, and the ground electrode, on Fr ac-
cording to the International 10-20 System. The impedance was
kept below 3 kf) on all electrodes, Signals were amplified and
filtered with a bandpass filter from 0.2 to 3 kHz. One hundred
responses were averaged for each side. Latencies of the W75, P100,
and N145 waves and amplitude of the N75-P 10 complex were
analyzed.

Statistical Evaluation
1fone assumed a median ONSDY incontrobs of 5.0 mam, the sample
needed to detect 8 mean difference of 1| mm was 10 patients and 10
controls with an e error of 05 and a 8 error of 0.20, Continmous
variables were described by their median with the interguartile
range. Comparisons between groups were assessed by using para-
meetric (Student £ test) and nonparametric methods (Wilcoxon
test, Fisher exact test, and Spearman correlation) when appropri-
ate {deviation from normal distribation scoording to the Shapino-
Wilk test). In view of the large nomber of comparisons, the Bon-
ferromi correction for statistical significance was nsed.
Interobserver agreement between the ONSD and OND evalu-

ations made by the 2 sonographers was preliminarily assessed
with intraclass correlation coofficients.

RESULTS

We analyzed 21 patients with a first episode of ON, 17 women and
4 men; a visual boss =3/ [0was present in 18 {85.7% ). The right eve
was affected in 16, and the lefi, in 5. Eleven patients had prior M5
relapses (ON-M5), though never involving ON, and 10 had iso-
lated ON. We enrolled 21 healthy controls. Mean age and body
mass index were not different between patients and controls
{Table), The Tabke reports clinical feamres and ONSD and OND
values of patients and controls. Interobserver agreement was high
for both ONSD (intraclass correlation coefficient, (.98; 95% CI,
01.93= 1.00) and QM (intraclass correlation coefficient, 0.58; 95%:
C1, 0.%2-1.00}. The main finding of our stady was the statistically
significant thickening of the ONSD on the affected side lintraclass
correlation coefficient, 6.3 mm; 95% C1, 5.9-7.2 mm } comparad
with the nonaffected side {intraclass correlation coefficient, 5.5
man; 95% C1, 5.1- 6.2 mm; P <0001 ) between patients and con-
trols (Tablel. The median OND in the affected side (3.0 mm;
range, 2.6—3.1 mm} was similar 1o that in the nonaffected side (2.9
mm; range, 2.8-3.1 mm} (P = not significant). Both sides were
thicker than those in controls {median, 2.7 mm; range, 2.5-2.3
mm; = 001 and .009), The OND and ONSD were strictly cor-
related Both in healthy controls {r = 063, P = ,002) and the
nonaffected eve {r = 0.45, P = 032} bat not in the affected eve
(r=—0.15, P=351).

Among controls, the ONSD or OND was similar in men and
women. The median ONSD was 4.4 mm (interquartile range =
4.8-5.3 mm} in men and 5.3 mm (interquartile range = 4.8-5.6
mm) in women (P = 16); the median OND was 1.5 mm {inter-
quartile range = 2.3-2.8 mm) in men and 2.7 mm {interguartile
range = 2.5-1.9 mm/} in women (P = .17}, Neither ONSD (r =
0.37) nor OXD {r = 0.13} was correlated with age (P = not
significant ).
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ONSD fmim)

a 4 8
Time onset-sonography (days)

FG 1. OCptic nerve sheath diameter and delay from symptom onset. Correfation between the
examination (days from symptom onset] and optic nerve

delay of the transorbital sonography
shesth diameter in the affected eve r = — 042, F = 06).

‘We did not find any significant difference between the ONSD
apd OND in patients with ON-MS and in those with Bolated ON
{Table).

An almost significant inverse correlation between the delay of
TOS examination and ONSD diameter in the affected eye was
found, suggesting that the earlier the examination, the larger
was the diameter (r= —0.42, P = 06) {Fig 2). Mo correlation was
found between delay and OND {r= —0.11, P = .62).

TOS revealed papilledema in 9 patients (43%), & on the right
side, and in none of the controks. There was no statistical differ-
enca between patients with and without this elevation in terms of
age, body mass index, ONSD, OKD, VEP latency, and VEP am-
plitede { data not shown ).

Mo correlation (P = not significant} was found between the
ONSD and either latency or amplitude of VEP bothiin the affected
{latency, r = —0.01; amplitude, r = 0.07) and the fellow eye (la-
tency, r = 0.05; amplitude, r = 0.09). Mo correlation (P = not
significant) was found between the OKD and either latency or
amplitode of VEP both in the affected {r = 0.22; —0. 16, respec-
tively) and the fellow eye (r = (.23; 0.31, respectively).

DISCUSSION

Onr study is the first to report transorbital sonographic measure-
ment of both the ONSD and OND in patients with acate ON.
Patients with ON had significantly increased ONSIY values in the
affected eye compared with the other eye and with valoes in age-
matched controls, The thickening of the perineural space sur-
rounding the optic nerve is probably related to inflammation of
the optic nerve, resulting in &n increase of the perinenral sub-
arachnoid flnid or edema caused by an impairment of axoplasmic
flow, depending on the acute demyelinating plaque. Most inter-
esting, it has been reported that narrowed optic canals, ocoarring
for instance in ostecpetrosis, may lead to compressive optic nen-
ropathy.'™" 1t is, therefore, possibie that within the anatomic
variability among different subiects, a tendency toward reduced
diameter of the optic canak may lead to a further increase in
perineurnl subarachnoid fiuid and edema. with subsequent wors-
ening of visual dysfunction. Cur results, therefore, suggest that
ONSD has a high sensitivity for the diagnosis of acute ON. Oar
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stedy was: not designed to assess the
specificity and predictive valoe of
ONSD, which wonld require a larger
sample size and controls with different
diseases and different settings. Most in-
teresting, although our patient popula-
tizn is not different from that in previ-
ous studies,""" the mean ONSD was
slightly higher and corresponded to the
OMNSD values of patients with either
chronically® (64 mm)} or acutely ele-
vated intracranial pressure (6.2 mm).™
We believe that this discrepancy could
be explained by a differemt resofution
of the sonography system, different
probes, or by varability in the evalua-
tizn of sonographic anatomy and tme
of insonation. We akso found that the
sooner TOS is performed after sympiom
onset, the higher is the probahility of detecting an increased
OMNSD. This observation supports the planning of further studies
aiming to evaluate TOS for monitoring the evolution of
inflammaticn.

The measurement of optic disc elevation s useful for detecting
the presence of disc swelling {papilledema). Papilledema results
from transmission of increased intracranial pressure to the sub-
arachnoid space of the optic nerve, with compression of the nerve,
stasis of axonal transport, and subseguent swelling of the optic
nerve axons, particularly in patients with a narrow optic canal.™
10 our study, we found a percentage of papilledema (45% ) higher
than that in previous stadies (ranging from 6% to 37%).51

Although the OMI in the affected cye was not thicker than
that in the contralateral eve, both were slightly thicker than that in
matched controls. We have no clear explanation for this finding.
Such a difference may be due to chance alone, or it may supgest a
sabclinical imvolvernent of the fellow nerve. We did not find any
correlation between TOS and VEP measures, though VEP were
performed only in patients, VEP specifically evaluate the conduc-
tion time of the visnal pathrways, including the optic nerve tract- A
slow conduction time {ie, profonged latency of P 100} is primarily
due to a demyelinating process affecting the optic nerve. TOS
instead evalwates the optic nerve and a different structure, its
perineural space. Thus, these 2 techniques provide different,
though complementary, information on the pathephysiclogy of
ON.

This studyis limited by the relatively small mamber of patients,
the impossibility of obtaining a complete blinding of the clinical

Al 12

-status of the patients, and the VEP performed only in patients.

This study has several strengths, however, becanse we always per-
formed sonographic assessments before starting steroid therapy
and close to the onset of symptoms, and examinees were blinded
tor both clinical diagnosis and the side of ON. Purthermore, pre-
liminary assessment of interobserver agreement between the
ONSD and OND evaluations made by the 2 sonographers was
high and similar to that found in a previous study by Baverle et
al" (r = 0.92-0.97). These findings indicate that sonographic



OMNSD guantification can be performed with pood ecoaracy and
relinbility.

CONCLUSIONS

ONSD measured by TOS is a noninvasive, inexpensive, and easy
procedure, which may represent a promising tool to support and
confirm the dinical dizgnosis of acate ON, even if it can only
examine the anterior portion of the optic nerve. Further investi-
gations with larger sample sizes and longitudinal studies are re-
quired to confirm our resulis.

Disdiasures: Fancesco Brigo—UWRELAT ED: Poyrment for L ectures {indiuding sarvioe
on Speciers Bureous): UCE Pharma. Cristofor Coml—LNRR ATED: Gronts Gramts:
Panding: halian Ministry of Health = Gallsin-Barrd Syndrome - Chronic Inflammatory
Demypelinating Polynouncpathy Foondation international * Comments: grants for re-
saach in reuncimmuncéogy  ME3000H, Travel-Accommodstions Meching £1-
pereses Unr elated o Actvities Listed! Blogen, IR Pharma, Novartis, AbbYie, Com-
meTET meating  expenses (ER000L Maurizio A Leona—UNREATED:. Board
temnber shig: Europeanournd of Neur ology, Comments: Assodate Edeor, Gromts”
Grants Pending Fondarion Comunith del Movarese® Commentx: gramt: fior hosna-
care project in multiple sdercels. *Money paid to tha nssittution

REFEREMCES
1. Shams P, Flant GT. Optic meuritiz o review. [m M5 | 2009
[&:R2-50
2 Korshofm ¥, Madsen KH, Frederiksen |1, et al. Recovery from optic
neurilis: an ROI-based wnalysis of LGN and visual cortical sreas,
Brain HOT300]1 244 -53
3. Hansen HC, Helmke K, Kunre K. Optic nerve sheath enlargement
in noute intracranial hypertension. Newro-Opkralmology 1994:6:
3455
4 Bimerle |, Medelmann M. Somogruphic assessmeni of the optic
nerve sheath in idiopathic intracramial hypertension. | MNewro!
101 R2I5E 01419
& Lochner 1, Mardone B, Terzon F, et ol. Optic nerve sonography to
treatment efficacy in idiopathicintracranial bypertension
o case report, [ Mewroimeging 2003:25:5533-34
6. Gerling |, lanknechi P, Hansen LL, el al. Diameter of the optic nerve
in idinpathic optic neuritis and in anterior ischemic optic newrop-
athry. Int Opkthatmal 1997:212131-35
7. Sefinovic 18, [ lovanwvic M, Kmjajs B0, et al. Influence of retro-

bl

I7.

18

19

nerve sheath diameter. Vofrosanit Pregl D0 1R67:32-35

Maroev ¥V, Karlova 17, Zaftseva OV, ot al. Robe of ultrasonic B-scan-
ning in diff ial diagnosis and prognosis of the conrse of optic
meuritis |10 Awsslan |, Vestn Oftolmel X00:117:25-29

Eivin A, Andersson T, Stderstrom M. Optic neuritis: Doppler wltra-
sinography compared with MR and correlated with visual evoked
potential amessments, Acta Badiol 19983924348

. EKarami M, [znghorbani M, Debghani A, el al. Orbital Doppler eval-

uation of blood flow velocities in optic nenritis. Korear | Ophihal-
mol 20022611622

. Dehghant A, GE M, Alhlaght MF, 2t 3l Ubtrasonography in distin-

ichi P itis b s et b i gt
penropathy. Adv Kiormed Res M1 2323

. Kolappzn M, Henderson AP, Jenkins TM™, ot al. Assessing structure

and function of the afferent visunl pathway in mubtiple sclerosis
l.ndum-ci.l.l.ed.npﬁc memritis. | Newro! 20065356:305—-19

. Hickmann 5], Misziiet KA, Fnt GT, # al. The optic nerve on MR in

acute aptic nearitis. Neureradialopy 2005475 1-55

. Biuerle |, Lochner P, Kaps M, & 2l Intre- and intetobserver reliabil-

ity of sonographic assessment of the optic nerve sheath diameterin
bealthy adults. | Neurcimaging 2012224245

. Bdmerle |, Schuchardt F, Schroeder L ot al. Reprodudbility snd ac-

curacy of optic nerve sheath diameter assessment wing nhrwsound
compared to magnetic resonance imaging. BMC Neurol 201311 2187

. The clinical profile of optic nearitis experience of the optic newritis

treatment trinl—Optic Newritis Study Group. Arch Ophthabmal
19213109 167378

Holder GE, Celesia GG, Miyake Y, et al. International Federation of
testing. Clir Neurophysiol 2010512111 393409

vanler v, Miller MR, Carson BS. Bilateral visoal improvement after
unilateral optic canal decompression and cranial vault expansion
in a patient with osteopetrosis, narrowed optic mnals, and in-
creased intracranial pressure. | Newro! Newrosurg Peyciviat e 2000:63;
40506

. Mardone R, Brigo F, Orioll A, & al. Optic nerve sonography in a

patient with ovteopetrosis. Can | Weurol 5o 2014241240001

. Morett B, Pzt B, Casanl F, et al. Reliability of the optic nerve

altrasound for the evaluation of patients with spontaneous intra-
cranial hemorrhage. Nerecritic Care J095 11240610

. Boymton [R, Pheasani TR, Levine MRE. Hypoplastic optic nerves

stisdied with B-scan ultra by and axial

oprbic camals, Can [ Ophtohmod 19751047381

by afthe

| o



2.

I Ultrasound (2016) 19:41-45
DOL 10.1007/s40477-014-0144-2

@ CrossMark

ORIGINAL ARTICLE

Intra- and interobserver reliability of transorbital sonographic
assessment of the optic nerve sheath diameter and optic nerve

diameter in healthy adults

Piergiorgio Lochner « Lorenzo Coppo + Roberto Cantello -

Raffaele Nardone - Andrea Naldi - Maurizio A. Leone -
Francesco Brigo

Received: 4 August 2014/ Accepted: 3 November 2014/ Published online: 20 November 2014
© Societa ltaliana di Ultrasonologia in Medicina e Biologia (SIUMB) 2014

Abstract

Purpose Transorbital optic nerve sonography (TOS) can
measure the optic nerve inclusive the sheath diameter (ONSD)
and the optic nerve diameter (OND), which are useful
parameters in the diagnosis of several neurological disorders.
Data on the reproducibility of TOS are, however, required to
use B-mode sonography for clinical purposes. The aim of this
study was to assess intra- and interobserver reliability of
ultrasound-based evaluations of both OND and ONSD in
healthy subjects.

Methods Using a 4-11-MHz linear array transducer, the
OND and ONSD of 20 healthy subjects were independently
measured by two expert investigators.

Results  Depicting the optic nerve and its sheath was possi-
ble in all subjects. The intra- and interobserver reliability was
high for both ONSD and OND measurements. Intraobserver
agreement, analyzed with Cronbachs Alpha, was higher for
ONSD (range: 0.69-0.72) than for OND measurements
(range: 0.55-0.65). No differences in interobserver reliability
between ONSD and OND measurements were found
(p = 0.83 forright and 047 for left eye).
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Conclusions  Transorbital B-mode sonography is a feasi-
ble method to assess both ONSD and OND with a high
intra- and interobserver reliability. Technical difficulties in
differentiating the optic nerve from its sheaths may explain
the lower intraobserver agreement for OND than that for
ONSD measurements.

Keywords Interobserver reliability - Intraobserver
reliability - Optic nerve diameter - Optic nerve sheath
diameter - Transorbital sonography

Soemmario

Obiettivo La sonografia del nervo ottico per via transcranica
(TOS) ¢ in grado di misurare il diametro del nervo ottico
inclusi i suoi rivestimenti (ONSD) o il diametro del solo
nervo ottico (OND), parametri utili nella diagnostica di
molte patologie neurologiche. E necessario uttavia disporre
di dati sulla riproducibilita di tale metodica, ottenuta in so-
nografia B-mode, per poterla applicare clinicamente.
Obiettivo di questo studio ¢ stato quello di determinare il
grado di riproducibilita intra- e inter-osservatore nella de-
terminazione di questi due parametri in soggetti sani.
Metodi Due esaminatori hanno determinato in maniera
indipendente valori di ONSD ed OND in 20 soggetti sani
utilizzando una sonda ecografica a 4-11 MHz.

Risultati  In tutti i soggetti & stato possibile visualizzare il
nervo ottico ¢ i suoi rivestimenti. Sono stati ottenuti elevati
valori di riproducibilita intra- e inter-osservatore nella de-
terminazione dell’ONSD e dell’OND. La riproducibilita
intra-osservatore, analizzata con il metodo del Cronbachs
Alpha, era maggiore per I"ONSD (range: 0.69-0.72) che per
I"OND (range 0.55-0.65). Non sono state riscontrate diffe-
renze nella riproducibilita inter-osservatore tra ONSD ed
OND (p = (.83 perl’occhio destro e ().47 perquello sinistro).
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Conclusioni La TOS ¢ un metodo in grado di ottenere 1
valoi di ONSD ed OND con elevato grado di
riproducibilita intra- ed inter-osservatore. Difficolta tecni-
che nel distinguere il nervo ottico dai suoi rivestimenti
possono spiegare il minor grado di riproducibilita intra-
osservatore per 'OND rispetto all’"ONSD.

Introduction

Transorbital optic nerve sonography (TOS) can be used
to measure both the optic nerve sheath diameter (ONSD)
and the optic nerve (OND). The former
parameter can be used to identify intracranial hyperten-
sion due to different causes, since an increased intra-
cranial pressure of different aetiologies leads to
enlargement of the ONSD [1, 2]. Optic nerve diameter
can be useful to detect the presence of optic nerve
atrophy in patients with multiple sclerosis [3, 4]. It was
found to have a positive correlation with brain demye-
linating lesions (plague load) in multiple sclerosis [5] or
with severity of traumatic brain injury on computed
tomography head scan [6]. In the literature, there are
conflicting data regarding the relationship between the
OND and the intracranial pressure levels. with one study
reporting no correlation |7]. and others supporting a
positive correlation |8, 9Y].

Data on the reproducibility of this method are, however,
required to use B-mode sonography for clinical purposes.
In a previous study, we already established normal values
and assessed the intra- and interobserver reliability of
ultrasound-based evaluation of the ONSD [10]. However,
to date, no study has been conducted to assess the repro-
ducibility of TOS assessment of OND. We therefore aimed
to evaluate intra- and interobserver reliability of ultra-
sound-based evaluation of both OND and ONSD.

diameter

Materials
Study subjects

Study subjects were recruited in the Department of Neu-
rology of the University A. Avogadro, Novara, Italy. The
study group consisted of students, department staff, and
tamily members of patients. Written informed consent
was obtained from all persons before entering the study.
All subjects were aged 18 years or older and had no
history of any neurological disease. The study was
approved by the local ethics committee (Novara No.
96/2013). All procedures followed were in accordance
with the ethical standards of the responsible committee on

21

human experimentation (institutional and national) and
with the Helsinki Declaration of 1975, as revised in 2000,
All patients provided written informed consent to enrol-
ment in the study and to the inclusion in this article of
information that could potentially lead to their
identification,

Transorbital sonography

Transorbital sonography (TOS) was performed in B-mode
using a Toshiba Aplio XG (Toshiba Medical System. Ap-
plio Nasu, Japan) equipped by a 4-11-MHz 5 51 Linear
Probe. Two expert sonographers (PL and LC), trained in
TOS betore starting the study, carried out the examina-
tions. The investigators examined independently both eyes
in each subject. without being aware of each other’s find-
ings. Each eye was examined three times, and measure-
ments were made in both eyes for every individual
Subjects were examined in supine position with the head
and the upper part of the body elevated to 20-30° to avoid
any pressure on the eye and were asked to keep their eyes
in a neutral position, trying to suppress eye movements.
The mechanical index was reduced to 0.2 for safety reasons
[11]. The probe was placed on the temporal part of the
closed upper eyelid and a thick layer of ultrasound gel was
applied. The anterior part of the optic nerve was depicted in
an axial plane with the papilla and the optic nerve shown
longitudinally, Fig. 1). The ONSD and OND were assessed

Fig. 1 Ultrasound examinations of the eve carried out in B-mode.
The optic nerve diameter (OND) and optic nerve sheath diameter
(ONSD) were measured 3 mm behind the papilla (a), using an
electronic caliper and an axis perpendicular to the optic nerve. The
OND was measured as the distance inside pia mater (d), and the
ONSD as the distance inside dura mater (c—h)
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3 mm behind the papilla. The distance between the exter-
nal borders of the hyperechogenic area surrounding the
optic nerve was quantified to measure the ONSD. by
marking the intemal borders of this formation.

Statistics

Values are expressed as mean =2 standard deviation (SD).
The intraobserver reliability was analyzed using Cron-
bach’s Alpha, which is a model of internal consistency,
based on average interim comrelation. A value of 1 would
indicate maximum consistency of values. In order to assess
the agreement between the measurements of the two
investigators (interobserver reliability), Bland-Altman
analysis was used. All statistical analyses were performed
using Excel 2007 implemented with Real Statistics
Resource Pack (available at: http://www.real-statistics.
com/) and SPSS for Windows software Release 16.0 (SPSS
Inc., Chicago, IL, USA).

Results

The ONSD was measured in 20 individuals aged from 23
to 82 years (mean 46.3 + 164 years). Thirteen partici-
pants were female (65 %), and seven were male (35 %).
Evaluation of the ONSD and OND was possible in all
subjects. Signs of papilloedema were not found. Mean
ONSD assessed 3 mm behind the entry of the nerve into
the bulb was 5.95 £ 0.68 mm, with a range of
4.5-7.7 mm. Mean OND was 3.08 £ (.38 mm, with a
range of 2.1-3.8 mm. Additional descriptive statistics are
presented in Table 1.

Overall, intraobserver agreement was higher for mea-
surements of ONSD (Cronbach’s Alpha: 0.69 for the right
and 0.69 for the left bulb—examinator 1; 0.72 for the right
and 0.72 for the left bulb—examinator 2) than for OND
(Cronbach’s Alpha: 0.65 for the right and 0,55 for the left

bulb—examinator 1; (.63 for the right and 0.64 for the left
bulb—examinator 2).

Regarding interrater reliability, Bland-Altman analysis
yielded a mean difference of measurements of OND of
0.10 £ 0.30 mm for the right and 0.18 = 0.37 mm for the
left bulb. Limits of agreement (mean &+ 2 SD) were 0.70
and —0.50 mm for the right and 0.93 and —0.56 mm for
the left bulb (Fig. 2). Bland-Altman analysis yielded a
mean difference of measurements of ONSD of
0.08 & 0.28 mm for the right and 0.09 = 0.40 mm for the
left bulb. Limits of agreement (mean + 2 SD) were 0.48
and —0.64 mm for the right and 0.71 and —0.90 mm for
the left bulb (Fig. 3). No differences in interobserver reli-
ability between ONSD and OND measurements were
found (p = 0.83 for right and 0.47 for the left eye).

Discussion

The major finding of this study is that both ONSD and
OND can be assessed with high intra- and interobserver
reliability using transorbital B-mode sonography.

Overall, intracbhserver agreement was higher for ONSD
than for OND measurements, probably because of techni-
cal difficulties to differentiate in a very reliable and accu-
rate way the optic nerve from its sheaths. Although
investigators performed TOS independently from each
other, they could not be blinded to their own results, and
this may have affected the evaluation of intraobserver
agreement.

Regarding the interobserver reliability. Bland-Alt-
man plots elucidated a robust agreement of ONSD and
OND gauging by different examiners. The mean dif-
ferences were close to zero indicating no evidence of a
systematic bias.

A previous study evaluated the interobserver reliability
in OND and ONSD measurements tested by two radiolo-
gists on 23 magnetic resonance imaging (MRI) datasets,

Table 1 Optic nerve diameter
(OND) and optic nerve sheath

Right bulb OND

Left bulb OND Both bulbs OND

diameter (ONSD) (mm) in 20

Investigator 1

Investigator 2 Investigator 1  Investigator 2 Both investigators

Individuals

Mean 3.01 ERE| 3.00 3.19 3.08

Standard deviation 0.36 038 0.32 0.41 0.38

Median 300 320 3.00 3.20 310
ONSD ONSD ONSD
Investigator 1  Investigator 2 Investigator 1 Investigator 2 Both investigators

Mean 6.02 594 5.98 5.88 5.95

Standard deviation .63 0.64 0.68 0.78 0.68

Median 6.10 580 6.00 570 6.00

"-a Springer
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Fig. 2 To assess the agreement between the measurements of the two investigators for OND in the right (a) and the [eft (b) bulb, Bland—Altman
plots were used. Thin fine depicts the mean of difference; thick lines denote limits of agreements (mean difference + 2 SD)
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Fig. 3 Bland-Aluman plots of interobserver agreement for ONSD measurements in the right (a) and the left (b) bulb. Thin line depicts the mean
of difference: thick lines denote limits of agreements (mean difference + 2 SD)

corresponding to 22 individuals (12 healthy subjects and 10
patients with traumatic brain injury) [8]. In this study, the
mean difference between observers for ONSD was smaller
(0.11 mm) than that for OND (0.30 mm), and the mean
standard deviation for OND was higher (0.25 mm) than
that for OND (0.17) (p = 0.005) |8]. Conversely, in our
study. we found no differences in interobserver reliability
between ONSD and OND measurements tested using TOS.
Overall considered, these data suggest that, with regards to
interobserver agreement, TOS might be more reliable than
MRI for both ONSD and OND measurements. However,
further studies directly comparing MRI and TOS in mea-
suring ONSD and OND are required to evaluate the degree
of reliability across these diagnostic techniques.

In conclusion, our study demonstrates that transorbital
B-mode sonography is a reliable method to assess both
ONSD and OND. The results of our study could be seen as
a basis for future investigations on noninvasive TOS
assessment of different neurological disorders.
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= The optic nerve diameter (OND) was thicker in the affected eye compared with its unaffected fellow or
controls,

« An increased OND was found in 78-100% and papilledema in 6-43% of patients.
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Objective: [n patients with acute optic neuritis (AON ) transorbital sonography may reveal a thickening of
the retrobulbar portion of the optic nerve, Our aim was to systematically review the diagnostic accuracy
of ultrasonography of optic nerve diameter (OND ) for assessment of AON.

Methods: MEDLMNE, EMBASE [ 1966-October 2014) was searched to identify studies reporting data on
patients with AON (with/without multiple sclerosis) assessed by B-mode transorbital ultrasonography.
Thereafter, the studies retreved were screened based on predefined inclusion and exclusion criteria
Data were extracted and the quality of the included studies was evaluated.

Results: Seven studies {162 patients) were included. The OND was significantly thicker in the affected eye
compared with its unaffected fellow or controls. An increased OND was found in 78-100% of patients.
Four studies determined papilledema in 6-43% of patients.

Conclusions; Transorbital sonography is a sensitive, highly accessible and user-friendly technique for the
detection of significant optic nerve thickening on the side affected by AON and represents an adjunctive
tool for the diagnosis of AON, Compared to visual evoked potentials, TOS may provide different, though
complementary, information on the pathophysiology of AON.

Significance: B-mode transorbital ultrasonography provides promising support for the clinical diagnosis

of AON,
£ 2015 Intemational Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights
reserved.
Abbrevations: OND, optic nerve diameter; ONS, optic nerve sheath; AON, acute 1. Introduction

optic neuritis; ODE, optic disc elevation; TOS, transorbital sonography ; BBB, blood-
brain barrier; CSF, cerebrospinal fluid, Acute optic neuritis (AON) is the most common optic neuropa-
= The study recrived no sponsorship or funding. thy in young adults and displays a 3:1 female/male ratio. The most
* Corresponding author at: Department of Newrological and Movement Scieaces,  common symptoms are unilateral subacute vision loss, periocular
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and retrobulbar pain, abnormal color vision (dyschromatopsia) a
relative afferent pupillary defect and in the involved eye (Optic

herp: ffdedolorg 101016 j.clinph 20 15.05.005
1388-2457(% 2015 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Lvd, All rights reserved.
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Neuritis Study Group, 1991; Bradley and Whitthy, 1967). ADN is
usually idiopathic, but in temperate latitudes and Caucasian popu-
lation it is the presenting symptom of multple sclerosis (MS) in
25% of cases (Heussinger et al., 2013 ). It can also occur as a result
of other inflammatory, vasculitic or toxic processes (Petzold et al,
2014)

The diagnosis of AON is primarily clinical. Further investigation
is needed in the event of atypical warning signs such as severe
periorbital pain as well as simultaneous or rapidly sequential bilat-
eral visual loss. To date, the afferent visual pathway has been
mostly studied using visual evoked potentials, magnetic resonance
imaging, and the optical coherence omography (Halliday et al,
1972; McKinney et al., 2013; Costello et al,, 2006).

Transorbital sonography (TOS) is reliable for the diagnosis of
increased infracranial pressure in neurocritical patients (Rajajee
et al., 2012) and has also been used to support that of AON (Dees
et al, 1995: Elvin and Andersson, 1998: Gerling et al, 1997;
Stefanowit et al,, 2010; Karami et al, 2012; Dehghani et al,, 2012;
Neroev and Karlova, 2001; Lochner et al., 2014), especially with
regard to the prediction of visual outcome (Elvin and Andersson,
1998) and the differentiation of anterior ischemic optic neuropathy
and idiopathic AON (Gerling et al., 1997; Stefanovit et al., 2010;
Karami et al., 2012; Dehghani et al., 2012), The typical TOS finding
in ADN is a significant thickening of the optic nerve diameter
(OND) of the affected side (Dees et al, 1995; Elvin and
Andersson, 1998; Gerling et al, 1997; Stefanovit et al, 2010;
Karami et al, 2012; Dehghani et al., 2012; Neroev and Karlova,
2001; Lochner et al, 2014), probably due to inflammation with
subsequent increased perineural subarachnoid fluid (Dees et al,
1995).

TOS employs two methods: amplitude-mode (A) scan, that pro-
vides simple displays plotted as a series of peaks whose height rep-
resents the depth of echoing structure from transducer; and
Brightness (B) scan that produces a two-dimensional image of
the tissue under study by combining A-mode signals from various
directions through mechanical transducer scanning (Dssoinig
1979; Schroeder, 1976). Only B scan studies are reviewed in this
article. We aimed to systematically search and critically assess
the literature evaluating the role of this method in the diagnosis
of AON. Introductive sections are focused on the optic nerve anat-
omy and pathophysiology of AON, and on a description of sono-
graphic assessment of the optic nerve.

1.1. Anatomy of the optic nerve and its invelucre and pathophysiology
of acute optic neuritis

The sheath of the optic nerve is composed of the dura, the
arachnoid and the pia mater, which borders a small amount of
cerebrospinal fluid (CSF) in the subarachnoid space. The nerve is
not totally consrained within its sheath, but closely linked to it
by a multitrabeculated connective tissue network of arachnoidal
septa and pillars. There is thus a continuum between the optic
nerve sheath (ONS) and the dura mater that allows free CSF com-
munication between the optic nerve and the intracranial subarach-
noid spaces within a layer wsually 0.1-0.2 mm thick (Hayreh,
1984).

The overall length of the optic nerve ranges from 35 © 55 mm
from the eyeball to the chiasma, namely the intraorbital segment
constituting its anterior half (25 mm) (Duke-Elder and Wybar,
1961).

The OND narrows slightly from the posterior to the anterior
head, while the anterior segment of the optic nerve (papilla) pro-
rudes into the vitreous body of the eye. Because of the greater
amount of elastic fibers in the connective matrix, a short portion
of the optic nerve marked by a strong distensibility is identifiable
at a depth of 3 mm (Fig 1) {Duke-Elder and Wybar, 1961;
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Fig. L Schematic drawing of anterior and posterior pole of the eye. The main
anatomical structures are depicted: ins, lens, vitreous, retina papilla, optic nerve
fibers, opic nerve sheath, subarachnoid space.

Hayreh, 1964 ). In the retrolaminar region the OND is about twice
that of the optic disc (i.e. 3-4 mm), because the nerve fibers are
myelinated (Hayreh, 1984),

Acute optic neuritis is caused by inflammation of the optic
nerve whose earliest detectable abnormality is increased perme-
ability of the blood-brain barrier (BBB) revealed by Gadolinium-
diethylenetriaminepentacetate { DTPA) enhancement in all patients
examined at an early stage (Youl et al., 1991). This is gradually
followed by edema (Willoughby et al., 1988), that usually lasis a
few weeks and then diminishes to the point of restoring the
normal permeability of the BBB, as suggested by the disappearance
of its enhancement after one month in most patients (Youl et al,
1991 ). The intensity of this inflammation explains the severity of
the clinical features (visual loss, field defects, afferent pupillary
defect and pain).

Recovery usually begins a few weeks after the onset of symp-
toms (Optic Neuritis Study Group, 1991). Most patients fully
recover, whereas a few are left with a persistent visual reduc-
tionfloss due to the interaction of several factors, including nerve
atrophy, failed remyelinization, and possibly ophthalmic artery
ischemia via the optic canal due to edema and compression of
the artery itself (Malik et al., 2014).

12. Technical and safety considerations of transorbital sonography

TOS uses most modern Color Duplex ultrasound systems
equipped with a high-frequency linear-array transducer endowed
with an emitted frequency at least equal or superior to 7.5 MHz
and a lateral axial spatial resolution <0.4 mm (Biuerle et al,
2012) All parameters, such as time-gain-compensation or gray
scale, are individually adjusted to achieve the best image qualities.

The mechanical index must be decreased to 0.23 and, according
to the ALARA (as low as reasonably achievable) principle, the pro-
cedure time must be as short as possible to avoid damage to the
lens, choroid and retina because of cavitation and hearing depend-
ing on insonation tme mechanical bioeffects from diagnostic ultra-
sound (Fowlkes and Holland, 2000). Since most examinations last
less than 5 min per eye the possibility of thermal damage is slight

Subjects lie supine with the upper part of their body and head
raised 20-30° A thick layer of gel is applied on the temporal part
on the closed upper eyelid prior to pressure-free placement of
the probe, The transducer is placed on the temporal side and the
patient is asked to look straight ahead with close eyes for better
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Fig. 2. Panel A-D. (A} Ultrasound examinations of the eye were carded out in B-mode: optic nerve diameter (OND) in the control eye (mim 5.9) was measured 3 mm behind
the papilla (1) in an axial plane showing the optic nerve inits longitudinal murse. The poin enotes the OND. (B) Acute optic neuritis in the affeced nerve: increaseof
OND on admission { left 8.2 mm ) (C) Patient with papillitis: The optic disc elevation (ODE} is gauged betaeen the fundus and the dome of the papilla: papilledems 08 mm (D)

delineation of the anatomical landmark: optic nerve and OND The OND varies. from 4.3 to 7.6 mm {Biuerle et al., 2012). The
(including the fibers, the sheath, and the hypoechoic subarach- normal sonographic appearance of optic nerve fibers and OND:

noidal space) (Bau ecal, 2012). hypoechogenic optic nerve fibers covered by the echogenic pia
A systematic evaluation of the entire globe is performed. The mater; the subarachnoid space appears hypoechogenic and is sur-
globe is the main structure and its appearance is homogeneously rounded by the hyperechogenic dura mater (Fig. 2 panel A-C). The

anechoic, whereas the lens is a tiny hyperechoic line which divides optic nerve fibers can be measured as the distance inside the pua
the globe into the anterior and the posterior chamber, The optic mater and the OND as the distance inside the dura mater. y

nerve is identifiable posterior to the globe (Fig. 1). panel A-C). The optic nerve fibers, measured by marking the inter-
An axial plane is used to image the papilla and the anterior part nal borders of this formaton, are hypoechoic and have a diameter
of the optic nerve in its longitudinal course. of 2.8-3.5 mm (Hayreh, 1984).

Identification £ (n
TRAL {n=
Screening
Eligibility Full Ful wticles
5 — » excluded with
) s0n5 | )

Included or

thesis

Fig. 3 Preferred reporting items for systematic reviews chart of the search for relevant references. Chronic optic neuritis, anterior ischemic optic neuropathics (AION},
Brightness-mode {B-mode).
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Nerve swelling is recorded if the OND is at least 0.3 mm [arger
than that of the contralateral unaffected nerve (Dees et al, 1995;
Lochner et al., 2014),

Some patdents with ON display a disc swelling (papillitis). In
such patients TOS could easily detect this optic disc elevation
{ODE), that is gauged between the fundus and the dome of the
papilla (with the first caliper on the uppermost part of the swollen
disc and the second caliper on the strongly reflecting line, which
represents the lamina cribrosa); (Fig 2 panel C and D) (Biuerle
and Nedelmann, 2011).Thickening of the subarachnoid space fluid
in the orbital part surrounding the optic nerve is due to inflamma-
don of the optic nerve caused for example by an acute demyelinat-
ing plaque resulting in compression in the optic canal and pressure
of soft tissues in the orbit {Dees et al, 1995; Elvin and Andersson,
1998; Gerling et al., 1997, Stefanovi¢ et al., 2010; Karami et al,
2012; Dehghani et al., 2012; Neroev and Karlova, 2001; Lochner
er al, 2014).

Many authors used the 30° test, by examining the optic nerve
with the abducted versus the straight eye (Dees et al, 1995;
Elvin and Andersson, 1998; Stefanovit et al, 2010), to determine
whether the increase of OND is attributable to accumulation of
subarachnoid fluid. This result is classed as positve if the swelling
decreases by ar least 10% on abduction ( Dees et al., 1995; Elvin and
Andersson, 1998; Stefanovit et al., 2010).

2. Material and methods

MEDLINE (accessed by Pubmed; January 1966-20th October
2014) was searched with the following search string: (“optic
neuritis”[MeSH] OR (“optic"[All Fields] AND “neuritis"[All Fields])
OR “optic neuritis"[All Fields]) AND (“ultrasonography”[Subheadi
ng| OR “ultrasonography”[All Fields] OR “ultrasonography”[MeS
H]). EMBASE (incepton-20th October 2014) was searched with
the following string: ‘optic’ AND (‘neuritis'/exp OR ‘neuritis') OR
‘optic neuritis'fexp OR ‘optic neuritis' AND (‘ulrasonography'fexp
OR ‘ultrasonography’). Inclusion criteria were (1) reporting data
on B scan ultrasonography and (2 ) explicitdy reporting sonographic
and clinical diagnostic criteria for AON. We excluded studies (1)
conducted using ampliude-mode (A) scan; (2) not reporting
OND values; (3) performed in patients with chronic optic neuritis
or optic neuropathy of multiple etiologies. No language restriction
was applied. {(Flow chart Fig. 3)

We reviewed the reference lists of the articles retrieved by the
electronic searches to check for other relevant reports not indexed
in the electronic databases.

Two authors (FB. and P.L) independenty screened all titles and
abstracts of the articles identified by the searches to assess their
eligibility, and excluded those that did not meet the selection cri-
teria. Selected articles were assessed by the same two authors
and the following data were independently extracted: Author, year
of publication, number of patients with ON (M5 and non-MS), sex,
age, probe (MHz), time o US examination {days), OND {mm) of
affected and fellow eye, OND of controls (if available), presence
of papilledema. In case of disagreement, the two authors reached
consensus through discussion.

Provided we thought it methodologically appropriate, we also
planned to combine OND measures from each study to obtain sum-
mary estimates in a meta-analysis.

3. Results

The search strategy yielded 172 articles. After removing dupli-
cates and reading abstracts and dtles 19 articles were selected
for full reading and eventually 7 were included in the analysis. A
list of the 12 articles excluded with the reasons for exclusions is

reported in Appendix A. The included studies were published from
1983 through 2014, All studies compared OND values between
affected and fellow eye, whereas four studies compared OND val-
ues with healthy controls as well (Gerling et al., 1997; Dehghani
et al, 2012; Neroev and Karlova, 2001: Lochner et al, 2014)
Overall, the seven studies reported data for 162 patients with ON,

In all included studies AON was diagnosed clinically; some
studies supported the clinical diagnosis by performing VEP and
MRI (Elvin and Andersson, 1998; Dehghani et al, 2012; Karami
et al, 2012; Lochner et al, 2014) in all patients, in only two studies
sonographers were blinded to the diagnosis (Gerling et al,, 1997;
Lochner et al., 2014), whereas in two studies examiners were
aware of the clinical diagnosis but were blinded for the side
affected (Karami ecal, 2012; Dehghani et al., 2012); in one smdy
blinding was unclear { Neroev and Karlova, 2001) and the remain-
ing studies were not blinded (Elvin and Andersson, 1998;
Stefanowvit et al.,, 2010),

Gender was not reported in three studies; in the others women
outnumbered men (66% vs. 22.75% ). Mean age ranged 24-34 years,
Sixty-eight patients presented ADN as a relapse of MS. Despite our
primary intention, the marked clinical and methodological hetero-
geneity across studies prevented us from performing a
meta-analysis to combine OND measures from each study and
obtain a summary estimate of their values.

Mean OND values ranged from 3.0 to 5.7 mm in the fellow eye,
3.9-6.5 in the affected eye, and 2.9-5.2 in controls, In all studies
the mean OND of the affected eye was significantly thicker than
its unaffected fellow (Gerling et al, 1997; Stefanovié et al., 2010;
Karami et al., 2012; Dehghani et al., 2012; Neroev and Karlova,
2001; Lochner et al, 2014) and controls (Gerling et al, 1997;
Dehghani et al., 2012; Neroev and Karlova, 2001; Lochner et al,
2014 ). It was increased (compared to fellow eye) in 78-100% of
patdents (overall 149162, 92%). The prevalence of disc swelling
ranged from 6% to 43% of the affected optic nerves (Elvin and
Andersson, 1998; Gerling et al, 1997; Stefanovit et al, 2010;
Lochner et al., 2014). Other demographic characteristic of patients,
range of OND values in affected and fellow eyes and controls, and
their differences are reported in Table 1.

Three studies correlated the degree of thickening with clinical
features: one study found a statistically significant negative corre-
lation between the degree of thickening of the retrobulbar part of
the optic nerve and the reduction of visual acuity (p=0.687,
p<0.05) (Stefanovic et al, 2010)%; another study showed that
padents with the highest difference of initial swelling of optic
nerve compared to the unaffected eye (mean difference of
1.3 mm) had a slower recovery of vision at follow-up of 6 months
{Elvin and Andersson, 1998); a third study found an almost signif-
icant negative correlation between the time onset-TOS examina-
tion and OND (r=-042, p=0.06) (Lochner et al,, 2014). Finally,
one study showed a relationship between the degree of optic disc
swelling (ODE) and optic nerve diameter 5.4 (5D +0.5) versus 4.4
(SD + 0.4) without ODE (Gerling et al., 1997).

One study assessed the correlation of OND values with stan-
dard pattern-reversal VEP. No correlatdon (p=not significant)
was found between the OND and either latency or amplitude of
VEP both in the affected (r=022; -0.16, respectively) and the
fellow eye (r=023; 031, respectively) {Lochner et al, 2014) All
patients with AON had abnormal VEP studies (21/21; 100%).
This study was not designed to assess the specificity and predic-
tive value of OND, which would require a larger sample size and
the inclusion of controis with different diseases (Lochner et al,
2014). Furthermore, an assessment of sensitivity was not per-
formed because the relatively small number of participants {21
padents and 21 healthy controls) prevented the calculation of
accurate cut-off OND values to calculate sensitivity for the diag-
nosis of AON.
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Table 1
Overview of different studies assessing patients with optic neuritis by means of B mode transorbital sonography.

Author, year Number of Number of Mean age Probe  Timeto US OND (mm) Statistical OND Statistical Prevalence Prevalence of
patients with men/women in  (SD) [range] MHz examination m difference between  controls difference between  of inceased  papillitis,
ON (Ms NO patient (MS  years eve mean  meansp) Anected aod fellow  (mm) mean  affeced and watrol - OND qualitatively
patients) patients) (S0 [range] 1 eye (pvalue) (SD}, eye (p-value) (percentage)  assessed
(rariel [range] (percentage)
Gerling et al. 16(8) NR 24[14-35] 10 4(1-9) 5.4 (0.5) 30(03) 00430003 29(2)[25- MR 15/16 (95%)  5/16 (31%)
(1997} [48-6.1] 30003y 311
‘4.4 (04)
[38-5] "
Elvin 2nd 18(7) 513 30[21-43] 75 27 6.1(0.9) 52(09) <0006 NR NR 14)18(78%)  1/18 (6%}
Andersson
{1998}
Neroev znd 51(25) 917 (10115} 0N 279 10 NR ON52 ON35 <0001 35 (0.7) <0001 49)51 (96%) NR
Karlova (2001) (1.7) ON-MS (01)ON-  (01)ON-
316(18) MS49(02) MS35
o1y
Stefanovic et al 23(0) NE NR 8 NR =4 <4 NR NE NR 22/23(96%) 723 (30%)
{2010}
Karami et al 23(18) 419 272(7) 7-10 NR 4.1(0.8) 30(04) 00001 NR NR 20123 (87%) NR
2) [19-47]
10(0) MR NR 12 <14 3.9(0.5) 10z} 0oy NR <0002 8/10(80%) KR
(inclusion [32-438] [28-35]
critera < 35)
Lochner et al. 21011 an7 ON 340 41 537D 6.5(0.9) 57(07)  <00® 52(04) <0002 21021 (100%) 921 (43%)
[2014)%® (IL1JON- 711 [49-82]"  [45-68] [45-5.9]
MS 269
(93)

US, ultrasonography; mm, millimeter; SD, Standard Deviation: NR, not reported; ON-MS, optic neuritis in patients with prior relapses of multiple sclerasis: OND, optic nerve dismeter (including the fibers, the sheath, and the
hy poechoic subarachnoidal space).
>4 mm: considered as thickening of ptic nerve

* Optic Neuritis with papilledema.

** Optic Neuritis without papilledema.
*** Mean values were recalculated from original data provided by the Authors {only median is reported in the article). Bath the diameter of the optic fibers and the diameter of the optic nerve including the sheath are reparted in
the article by Lochner. Only this Latter is reported here.
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4. Discussion

This systematic review shows that TOS is able to detect an
increase of OND of the affected eye compared to the unaffected
eye in 78-100% of patients with AON (with fwithout multiple scle-
rosis) (Elvin and Andersson, 1998; Gerling et al., 1997; Stefanovié
et al., 2010; Karami et al, 2012; Dehghani et al., 2012; Neroev
and Karlova, 2001; Lochner et al., 2014). This finding suggests that
the presence of increased OND seems to be a consistent feature of
the early optic nerve lesion in the AON. Furthermore, this ultra-
sound finding is compatible with edema and seems to be consis-
tent with the presence of Gd-DTPA leakage shown often by MRI
in patients with AON (Youl et al., 1991).

The difference between the OND values in the affected eyes
compared either to the fellow eyes or to healthy controls varied
considerably and a clear cut-off value cannot be readily proposed.
This variability is probably ascribable to differences in parameters
such as the time of image acquisition, interpretation of the anat-
omy of the optic nerve, and resolution of the probes, These possible
sources of variabilicy were not explicitly reported and their influ-
ence on the overall results could not be assessed. Another possible
reason for the variability is that all studies except one did not
clearly distinguish between the optic nerve and the sheath diame-
ters {Lochner et al, 2014). When the sheath was included, most of
the increase was attributable to this and not to the optic nerve
itself (Lochner et al, 2014). This finding, if confirmed in further
studies, may have implications for therapy of AON (Lochner
et al., 2014), indicating a prevalence of the edematous component
in acute optic nerve damage. Furthermore, the possibility that a
relationship exists between the thickness of the nerve and the clin-
ical features of the AON (the higher the OND, the more severe the
visual acuity loss and the lower the probability of full recovery)
{Elvin and Andersson, 1998; Stefanovit et al., 2010) opens the pos-
sibility to study TOS as a predictor tool.

Papillitis is due to edema of the prelaminar optic nerve head. It
is a mechanical, non-vascular phenomenon in which an excess
amount of extracellular fluid is present in the prelaminar region
of the optic nerve. Four studies assessed the presence of papillitis
(with a range from 6% to 43%), although the diagnostic criteria
for papillitis were not explicitly reported (Elvin and Andersson,
1998; Gerling et al., 1997; Stefanovit et al, 2010) except for
Lochner et al., 2014, Disc swelling was also found to be related
with the thickness of the optic nerve, since OND was increased in
all patients with papillitis, compared to only 15/16 of those with-
out (Stefanovic et al,, 2010) in one study and OND values were
higher in patients with papillitis than in those without (5.4
SD + 0.5 versus 4.4 5D + 0.5 mm) in another study (Gerling et al,
1997). Several factors may contribute to this finding: proximal
localization of the optic nerve inflammation, timing of ultrasound
acquisition imaging, and more pronounced stasis of axonal trans-
port, and subsequent swelling of the optic disc.

An almost negative correlation between delay of TOS and OND
values was found in one study ( Lochner et al., 2014). This finding is
consistent with a previous MRI study showing a correlaton of
Gadolinium-DTPA leakage with time from onset of symptoms
(Youl et al., 1991).

Only two out of seven studies (Elvin and Andersson, 1998;
Stefanowvi€ et al., 2010) reported the application and the consequent
results of the 30° test, whose diagnostic utility for AON remains
matter of debate.

One case-control study failed to find any correlation between
OND and VEP measures in patiens with AON (Lochner et al,
2014). However, it is possible that this analysis lacked suffident sta-
tistical power to detect a difference given the relatively small num-
ber of participants (21 patients and 21 healthy controls) included in
this study. Hence, further adequately powered studies are required

P. Lochner et al /Clinical Neurophysiology 127 (2016) 803-809

to evaluate a possible correlation between OND and VEP measures,
and to determine specificity, sensitivity e predictive value of OND
for the diagnosis of ADN. From a diagnostic perspective, however,
TOS might complement VEP in supporting the clinical diagnosis of
AON. Visual evoked potentials specifically evaluate the conduction
time of the visual pathways, including the optic nerve tract, whereas
TOS evaluates the optic nerve and is perineural space. Thus, these
two techniques provide different, though complementary, informa-
tion on the pathophysiology of AON.

This review has several limitations, mainly due to methodologi-
cal shortcomings of primary studies: first the heterogeneity of the
studies and the lack of single patient information hampered the pos-
sibility to meta-analyze data. Second, the number of studies and
their sample size was limited. Third, all except one (Lochner et al,
2014 ) were single-center studies, which may reduce the generaliza-
tion of findings. Fourth, none of the studies assessed the relationship
between sonographic and MRI findings. However, threerecent stud-
ies found a good correlation between MRI ransorbital and B-mode
sonography findings. Biuerle et al already reported good repro-
ducibility and accuracy of optic nerve sheath diameter assessment
using ultrasound compared to magnetic resonance imaging in 15
healthy volunteers (Bduerle et al., 2013). Similary Steinborn et al.
reported a good correlation between ultrasound and MRI and TOS
in children as well as in a cadaver study (Steinborn et al, 2011,
2015). Finally, TOS, as any ultrasound assessment, has an intrinsec
operator-dependent variability, Regarding this aspect, only one
study (Lochner et al., 2014) assessed inter-rater reliability across
sonographers, finding a strong correlation between the measure-
ments of both investigators. This finding is in accordance with
results of previous studies conducted in healthy subjects which
showed a high intra- and interobsever reliability (Biuerle et al,
2012; Ballantyne et al., 2002).

‘with regard to safety issue, all included studies and the overall
data from the literature indicate that TOS can be considered a safe
procedure, provided the lowest emission energies with insonation
time as short as possible are used (Baumgartner, 2006; Ertl et al,
2014). For safety reasons, the use of sonographic contrast agents
is however contraindicated. The adjustment of the acoustic output
of ultrasound systems needs to be made according to the ALARA
("as low as reasonable achievable™) principle to avoid damage to
the lens, choroid and retina through cavitation and increased tem-
perature (Ertl et al., 2014). For these reasons, current FDA guideli-
nes limit acoustic output to temporal average intensities of up to
50 mW/cm2 with a mechanical index (MI) of up to 0.23 to avoid
the occurrence of clinically relevant non-thermal biological effect
during TOS (Food and Drug Administration, 2008 ).

5. Conclusions

TOS can be described as a sensitive, highly accessible, safe and
user-friendly technique for the detection of significant optic nerve
thickening on the side affected by AON and hence may be consid-
ered as an adjunctive ool for the diagnosis and monitoring of AON.
Further studies with a larger number of patients and controls, and
exact timing of the investigation are warranted to evaluate the
diagnostic accuracy of TOS. Studies comparing this technique with
MRI findings and clinical findings (severity, recovery) are war-
ranted, Intra- and inter-rater variability in a larger multcenter
sample of operators should be examined before accepting TOS as
afully reliable technique, and its responsiveness must be evaluated
during the follow-up of patients.
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Appendix A.

See Table A1.

Table A1
List of excluded studies and reasons for exdusion.

Artide title and first Reference Reason for exclusion
Author

1 Optic neurits: Radiology. Insufficient data on
evaluation with orbital — 2003226:355-8 OND values
Doppler sonography.

Karaali K et al.

2. Ultrasonographic Eye (Lond} Study conducted with
investigation of optic 1995 % 488-94 Amode and only
neuritis Dees C et al. partially with B mode

sonography

3 The correlation of Coll Antropol. Study condudted with
changes of the optic 200529 633-6 A mode sonography
nerve diameter in the
acute retrobulbar
neuritis with the brain
changes in multiple
sclerosis, THIE M et al,

4 B-scan ultrasonography  Doc Ophthalmaol, Insufficient data on
in optic nerve lestons, 1982;52:317-25 OND values
Kerlen CH

5 Transorbital echography  Mult Scler Insufficient data on
for assessment of optical  2013;19(11 OMND values
nerve damage in Suppl):293
patients with multiple
sclerosis Otering A et al.

6 Correlation between Journal of the Indusion criteria not
optic nerve diameter Meuralogical met: no acute phase of
mcasured by sonography  Sclences optic neuritis
and VEP latency in 2009;:285{Suppl
patients with definite 135199
miultiple sclerosis
Harrchian MH

7 Evaluation of optic Am | Ophthalmol.  Insufficient data on
neuropathy with B-scan  1972;74:915-20 acute optic neuritis
ultrasonography.

Coleman D], Carroll FD

B [Running time of Klin Moiathl Insulficient data on
ultrasound in the distal  Augenheilkd. acute optic neuritis
portion of the optic 1976;169:743-5.
nerve (author's In German
translation}]. Schroeder
Woet al.

9 Visual evoked potentials  Journal of Clinical — Article on the
and ultrasonographic Newro- ultrasonographic
exarmi nations in Ophthalmology methodology
retrobulbar newnts 1991 11:85-91
Janaky M et al.

10 Ultrasound in MNew York Thieme  Chapter of a book on
ophthalmologle Medical ultrasonographic
diagnosis: a pratical Publishers: 1987,  methodology
guide Guthoff & et al. 571-85

11 Echographic Aniali di Study conduded with
measurement of optic Oftalmologia e A mode sonography
nerve in retrobulbar Clinica Deulistica
optic neuritis: Diagnosis  1995:121:525—
and follow-up 531
Mastropasqua L

12 Optic neuropathies: Metab Pediatr Syst Article on the
diagnostic role of Ophthalmaol. ultrasonog raphic
standardized 1980;13:67-71 imethodology

echography. Doro D
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Abstract

Background and purpose: Transorbital sonography (TOS) is a promising tool to support the
clinical diagnosis of opiic neuntis (ON) by showing thickening of optic nerve, In this study we
aimed to define its specific role in follow-up of ON patients. Methods: We measurad
ultrasonography parameters and visual acuity at presentation and after 1 year in 45 patients
with newly diagnosed ON. Two vascular sonographers used B-mode TOS to evaluate mean
optic nerve (OND) and nerve sheath diameter (ONSD). Results: Median ONSD values were
significantly thicker in patients with ON in the affected eye (6.4 mm, ICR: 6.0-69) at
presentation compared with the non-affected side (5.7mm; 1QR: 5.2-61) (P <0.001). The
median OND was not significantly thicker at presentation in the affected eye (3.0 mm; IQR:
2.9-3.4) compared with the fellow eye (2.9 mm; 1QR: 2.8-3.2} (P =0.09). Logarithmic visual
acuity (VA) was significantly compromised at presentation in the affected eye (0.16; IQR:
0.00-0.55) compared with fellow eye [0.00; IQR: 0.00-0.00) (P=0.001). After 1 year no
significant difference (F=0.05) was found between ONSD or OND of the affected side
compared with the non-affected side. VA improved in most of the patients but remained
significantly impaired in affected eye after one year. Conclusions: TOS is a useful tool to
support diagnosis of ON. This technique seems to have less value to evaluate atrophy of the
optic nerve after 12 months.

Key words:

Keywords: optic nerve sheath diameter, opfic nerve diameter, optic neurtis, optic disc
elevation, transorbital sonography, visual acuity.
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Introduction

Optic neuntis (ON) is most common neuropathy affecting the young. ON is a frequent
manifestation of multiple sclerosis (MS), ' although the optic nerve can be affected in other
demyelinating diseases, such as neuromyelitis optica (NMO) spectrum disorder and chronic
relapsing inflammatory optic neuropathy, or toxic or ischemic disorders.®

Because of its localization and easy access, the optic nerva is suitable for more
investigations >*

In a previous paper we showed that transorbital sonography (TOS) may represent a
promising tool to support and confirm the clinical diagnosis of ON, by showing a significant
thickening of the optic nerve diameter (OND) of the affected side, due to breakdown of brain
blood barrier and subsequent inflammation in subarachnoidal space *®

Only two cross-sectional studies have measured ulirasound diagnostics in patients with prior
OM, showing optic nerve atrophy™ Our investigation sought to describe the 12-month follow-
up of a cohort of patients affected by first episode of ON, aming to evaluate the accuracy of
TOS in monitoring patients. We wanted to measure ultrasound features of optic nerve in
patients previously affected by ON. The second aim is to describe correlations between
ultrasound findings and visual outcomes.

Methods

Study subjects

All consecutive patients presenting to the Neurclogy Outpatient Clinics of the Movara and
Merano Hospitals between May 2014 and January 2015 with a diagnosis of first episode of
demyelinating unilateral ON were enrolled.

Inclusion criteria were: patients aged 18-50 years, visual loss with onset <20 days before the
neurological evaluation, and diagnosis of ON according to the Optic Neuritis Study Group™®
Excusion critena were: bilateral or recurrent OM, family history of visual loss, recent history
of infectious illness, toxic or metabolic etiology, suspected ischemic optic neuropathy, recent
steroid treatment or lumbar puncture.

The patients” contralateral optic nerve served as an intemnal control.

All patients underwent neurologic and ophthalmologic examinations, including visual acuity
assessment, direct ophthalmoscopy, and laboratory examinations, including vasculitis
screening and search for anti-neuromyelitis optica antibodies (aguaponnd-antibodies), and
antibodies against myelin oligodendrocyte ghycoprotein. MR imaging was performed to
exclude other causes of ON or compressive lesions.

Moreover all patients were followed and no atypical features were observed.
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The interval from the onset of symptoms was calculated from the first day the patient
experienced visual loss or refro-orbital pain to the date of TOS.

Procedure of the study

TOS was performed by two expert sonographers (PL and LC) prior {o the onset of steroid
treatment. Soncaraphers were unaware of the dizagnosis and of the side invalved at baseline
evaluation (time 0} but not at 12 months (time 1).

To ensure blind assessment at baseling, patients were asked not to reveal their status (or
their affected side) during examinations and were always placed on the tilt tahie before the
amval of the sonographer.

Transorbital Sonography

TS was cammied out in B-mode using a Toshiba Aplio XG equipped by a 4-11 Megaheriz &
51 Linear Probe (Toshiba Medical System, Applic Nasu, Japan). We adopted the same
procedure described elsewhere:™ subjects were examined in supine position with the upper
part of the body and the head elevated fo 20-30 degrees {0 avoid any pressure on the eye
and were asked to keep their eyes in a mid-position and o suppress eye movements.

For safety reasons and fear of biomechanical side-effects, the mechanical index (M) was
reduced to 0.2. The probe was placed on the temporal part of the closed upper eyelid using a
thick layer of ultrasound gel. The field was then reduced o a depth of 4 cm. The anterior pari
of the oplic nerve was depicted in an axial plane showing the papilla and the optic nerve in its
longitudinal course. ONSD and OND were assessed 3 mm behind the papilla. To gauge the
ONSD, the distance between the external borders of the hyperechogenic area surrounding
the optic nerve was guantified. The OND was measured marking the intemal borders of this
formation (Fig 1).

The measurements of ONSD and OND were performed in both eyes.

A difference in nerve diameter of 0.3 mm or more, compared with the contralateral side, was
defined as a sign of nerve swelling. "'

In arder to minimize intra-ohserver variahility each bulb was examined three times and the
means were calculated. Ulrasound was alBo used o evaluate the presesnce of
papilloedema.™ The presence of papilloedema, evaluated by assessing the degree of oplic
disk elevation, was assessed by marking the fundus and the dome of the papilia (Fig 1).
Agreement between the 2 sonographers involved in this study was preliminarily assessed
using the same device on 9 heatthy subjecis ®

Visual Procedure

American Society of Neurocimaging

34



Ophthalmic examiners assessed monocularly the Best Comrected Visual Acuity using a
logarithmic progression distance visual acuity chart. The visual acuity is first measured in a
decimal notation and then converted to the log minimum angle of resolution (LogMAR) value.
For the calculation method see Holladay.

We use LogMAR because it is extremely useful when analyzing visual acuity scores " On
the logMAR scale, a value of 0.0 comesponds to 1.0 (&6, 20/20) and for better visual
acuities, logMAR values hecome negative (eg. LogMAR -0.1 commesponds to 1.25 (6/4.8,
20M16). One line of visual acuilty is equal to 0.1 logMAR unit and every additional letter
comectly read gives 0.02 log units credit (letter-by-letter scoring). In order to exclude the
presence of other ocular pathologies a full ophthalmological examination of each patient has
been carried out.

Statistical Evaluation

Continuous variables were described by their median with the interquartile range.
Comparisons between groups were assessed using parametric (Student’s t-test for
independent groups) and non-parametric method (Mann-Whitney U test, Wilcoxon signed-
rank test, and Speaman comelation) where appropriate (deviation from normal distribution
according to Shapire-Wilk test), with statistical significance set at the 0.05 level.

All analyses were performed using dedicated statistical software (IBM& Sfatistical Package
for Social Science (SPSS), version 23.0.0.2, Armaonk, Mew York, USA).

Protocol approval and patient consent.

The study was approved by the local ethics commitiees (Merano 19-2014) and was
performed in accordance with the Declaration of Helsinki.

Written informed consent was obtained from all persons before entering the study.

Results

Of the 52 patients who presented with first ON during the study penicd, 6 did not meet the
study criteria and were excluded from further analysis (1 missed in the follow-up, 5 had
potentially confounding conditions). Hence, we evaluated 45 patients (36 (78.3%) female and
9 (21.7%) male), aged 32 £ 9 years. The median time interval between onset of visual
symptoms and time of ultrasonography was 6 days (range 1-20 days).

Mo patients were known to have ocular disease that might affect the ultrasound
measurements.

Seventeen (39.1%) had prior M3 relapses (ON-MS), though never invalving ON and 28
(60.9%) had isolated ON. Table 1 reported baseline charactenstics of patients with isolated
ON and ON-MS.
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All patients received intravenous steroids (1 gr methyiprednisolon, 3-5 days) afier the
sonographic procedure.

Papiliedema was shown in 14 out of 45 (31%) patients and none of the fellow eyes, and was
absent in bhoth eyes of all subjects at follow-up.

Al presentation, the median ONSD was significantly thicker in ON patients in the affected eye
(6.4 (6.0~6.9) mm) compared with the non affected side (5.7 (5.2-6.1) mm; P <0.001). The
mean OMD was not significantly thicker in the affected (3.0 (2.9-3 4) mm) compared with the
fellow eye (2.9 (2.8-3.2) mm; P=0.094). VA was significantly compromised at presentation in
the affected eye 0. 16(0.00-0.55) compared with non affected eve (0.00 (0.00—0.00);
P=0.001).(s=e table 2).

After one year, ONSD and OND of the affected eyes returmed within the normal range and no
significant difference was found compared with the non affected side.

When comparing the two groups of patients, we also did not find any significant difference for
OMNSD of the affected eye at T12 for isolated ON vs. MS-0ON (p=0.461) as well as in fellow
aye at the same timeip=0.734).

WA was the only parameter associated with a light significant impairment after one year in the
affected eye. T12 0.00 (0.00-0.04) comparing with 0.00 (0.00-0.00) in the fellow eye
P=0.003 (table 2).

Discussion

In this prospective ohservafional study, we report value of ONSD and OND and visual
outcomes in patients with acute OM. Consistently with the results of previous studies
detecting inflammation in ON, * *our investigation confims the usefulness and feasibility of
TOS in detecting an significant increase of ONSD and in less extent of OND in the affected
eye compared with fellow eye at ime of presentation.

Moreover, at 1 vear follow-up visual acuity was significantly reduced in the affected eye
compared fo contralateral.

In order to optimize the analysis of ultrasound findings as well as of visual outcomes, we also
tried to minimize confounding factors by excluding patients with previous ON or uncerainty in
the diagnosis.

With regard to ultrasound findings in ON, the variation of ONSD and OND seems comelated
with the release of inflammatory mediators and the development of vasogenic edema and
consistent with the presence of the early optic nerve lesion. Hence the increase of ONSD
and OND are consistent with gadolinium leakage often shown by MR in patients with ON_'#
This study is in agreement with @ MRI study in ON by Hickman et al., showing a ~20%
average increase in the affected opfic nerve mean area at baseline. '*
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Compared to MRI, TOS offers the advantages of an easy and cost effective imaging method,
but has the disadvantage of representation of only the antenior portion of the oplic nerve.

The detection of increased OND and ONSD can be influenced by several factors such as
anatomic predisposition (for example an hypoplasia of the optic canal), extension and
location of plaques, intensity of inflammation, time of investigation or previously optic nerve
atrophy. An investigation to close to the symptoms onset or after a corticosteroid therapy
could not detect a variation of ONDIONSD.

After one year the mean values of ONSD and OND of the affected eyve were similar to those
of the fellow eye at presentation®

We did not find an atrophy of the nerve or sheaths after one year, as opposed to two other
cross sectional studies. Carraro et al "found a thinning of the optic nerve in 22 M3 patients
who have had a previous clinical episode of ON at least 1 year before examination and 24
MS patients who have not suffered from ON. Femandez-Dominguez et al also showed a
diminuition of optic nerve diameter in 31 demyelinating diseases patients. ® The reasons for
such different findings are not clear.

However, these studies had a different study design (cross sectional studies compared fo our
longitudinal design). Moreover Carraro reported a distinct sonographic evaluation of anatomy
such as the measurement of optic nerves at unfixed point. 7 Furthemmore both studies used
different timing of the examination in respect to onset of ON. Finally the values of the optic
nerve diameter detected by Dominguez are too small (2.7 mm), compared to most studies
reporting nomal values of ONSD.®

A study of Hickmann et al. using mean magnetization transfer ratios (MTRS) showed a
reduction in magnetization transfer ratio in diseased optic nerves following an attack of optic
neyritis, probahly dus to demyelination and Wallerian degeneration, reaching a nadir until
about 8 months. Subsequently, mean MTR increased, up to one year, possibly due to
remyelination. '

This means that the progressive axonal loss may follow acute inflammatory demyelination
after a certain time.

After 1 year most patients (80%) regained a normal vision.

The second impaortant finding of this study is the detection of a small persistent significant
impairment of visual outcome in the affected as well as in the fellow eye after 1 year in OMN as
well as in M3-ON. This finding is consistent with a pemrmanent visual acuity worsening. This
result may provide guidance to clinicians whether or not to use additional immunotherapy in
patients affecied by ON, in order to decrease tissue damage.

An important shoricoming of our study was that we used as control the contralateral healthy
eye and not matched healthy controls, but special precautions was done in order to exclude
patients with previous episodes of optic neuritis.
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Secondly ulirasound is an operator dependent technique, but we already demonsirated a low
inter-rater variability. ™

In conclusion our study shows that TOS is an easy, feasible, non invasive, useful and
costless technique for the evaluation of the ON by showing thickening of the oplic nerve and
providing useful information with normalization of optic nerve in the follow-up. Moreover we
demonsirate that visual outcome predicts neuronal loss after OM.

Further investigations are warranted in order to confirm our resulis.
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Table 1. Characteristics of Study Subjects

Isolated Optic MS-Optic P
Neuritis Neuritis
Number of patients (%) 28 (62.2) 17 (37.8)
Sex
Females, n (%) 21(750) 15(88.2) 0 447"
Males, n (%) 7(25.0) 2(11:8)
Age years 30.9+9.2; 3298 7 04627

30 (23-39; 18-49) 31 (25-40; 18-50) 0.432*

Data were expressed in frequency (percentage) or means + standard deviation and median
(interquartile range; range) respectively. Statistical assessment was made by using * Fisher's
exact test, T t-test for independent groups, and * Mann-Whitney U test.
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Table 2. Sonographic features and visual outcomes of all patients at baseline and
after 1 year of Follow-up

Parameter T Affected eye (n=45) Fellow eye (n=45) P

ONSD T0 646069 E7(526.1) <0001
T12 54(50-6.0) 5.5 (5.2-6.0) 0511
p <0001 0.260

OND T0O 3.0(29-34) 29(28-32) 0.094
T12  2B8(27-3.1) 29(2.3-3.0) 0.408
p  0.0014 0.279

VA, logarithmic  TO  0.16 (0.00-0.55) 0.00 (0.00-0.00)  <0.001
T12  0.00 (D.00-0.04) 0.00 (0.00-0.00)  0.003
p <0001 0.0147

ONSD: Optic nerve sheath diamster, mm
OND: Optic nerve diameter, mm
WA Visual acuity

Oata were expressed in median (IQR: Interquartile Range). Statistical assessment was made
by using the Mann—Whitney U test {also called the Mann-Whitney—Wilcoxon {MWW),
Wilcoxon rank-sum test, or Wilcoxon—Mann-Whitney test) for affected vs. fellow eye and
the Wilcoxon signed-rank test for TO vs_ T12.

* Group size is only n=44.
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Table 3. Sonographic features and visual outcomes of all patients among idiopathic

and MS ON

Parameter T Affected eye Fellow eye P

ON (n=28)

ONSD TO 64(59-67) 58(5.2-6.1) <0.001
T12 53(50-59) 54 (52-59) 0426
P =0.001 0.100

OND TO 3.1(29-36) 30(29-32) 0218
T12 29(27-30) 29(28-30) 0.398
P <0.001 0.032

VA, TO 003(0.00-040) 0.00(0.00-0.00) =0.001

logarithmic
T12 000 (0.00-0.03) 0.00(000-0.00) 0.048
P 0.00147 0.197

MS (n=17)

ONSD TO 64(6.0-7.3) 5.6 (5.1-6.1) <0.001
T12 56(50-63) 5.6 (5.1-6.1) 0.945
P <0.001 0. 906

OND TO 3.0(27-32) 28(27-31) 0.270
T12 2.8(25-32) 29(27-32) 0.692
P 0554 0.338

VA, TO 030(0.13-0.70) 0.00(000-0.08) <0001

logarithmic
T12 000 (0.00-0.06) 0.00(0.00-0.00) 0034
P =0.001 0.043

* Group size is only n=16.

ON: Isolated Optic Neuritis
MS: MS-Optic Neuntis

Data are expressed in median (IQR: Interquartile Range). Statistical assessment was made
by using the Mann—Whitney U test (also called the Mann-Whitney-Wilcoxon (MWW),
Wilcoxon rank-sum test, or Wilcoxon—-Mann-Whitney test) for affected vs. fellow eye and
the Wilcoxon signed-rank test for TO vs. T12.
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Abstract

Background und Objective:  To investigate the relationship between optic nerve sheath diameter
(ONSD) and visual acuity and biomarkers for inflammation osteopontin (OPN) and axonal Injury

(neurofilament heavy chain, NFH) in the course of acute optic neuritis (ON).

Patients and Methods: A prospective monocentric case-control study was performed in twenty-
three consecutive patients with established acute non compressive unilateral ON compared with

nineteen healthy controls, matched for sex and age
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Results: The median ONSD was thicker on the affected side (6.3 mm; interquartile range, 6.0 —6.5
mm) compared to follow up after 12 months (5.3 mm; interquartile range, 4.9— 5.6 mm; P< .0001)
and controls (5.2 mm; interquartile range, 4.9—6.1 mm; P <.0001). Similarly the optic nerve
diameter (OND) was significantly increased in the affected side (3.4 mm; IQR 2.9 —-3.8mm)
compared to healthy controls 2.7 (2.5-2.9) and after 12 months 2.8 (2.7-3.0; P< .0001). Visual
acuity improved significantly after 12 months 1.00 (0.90-1.0) compared to onset of symptoms 0.80
(0.40-1.0; P< .0001). Moreover OPN levels were significantly higher between patients at
presentation (median 6.36 ng/ml; IQR 2.05-10.06) compared to healthy controls (3.21; 1.34—-4.34)
p<0.03 and concentrations of NFH were significantly higher in patients (0.28 ng/ml;0.21-0.49) than
in controls 0.02 (0.02-0.08; p< 0.001). Serum OPN correlates with ONSD in the affected eye at the
time of sampling (Pearson’s R = 0.49; p <0.05.

Conclusion: ONSD and OND are increased in the affected size of acute ON. OPN and NfH are
elevated in patients and should be considered in the design of neuroprotective treatment

strategies.
Introduction

Optic neuritis (ON) provides an attractive model of investigating because is accessible as well as

because of the defined onset.

Axonal degeneration and inflammation in ON coexist and are related to loss and recovery of visual
function.?® Transorbital sonography (TOS) may show thickening of optic nerve, related to the

inflammation of the optic nerve and can be a useful tool to support the diagnosis of optic neuritis. *

Previous studies showed that body fluid neurofilament (NfH) levels are possible candidate
biomarkers of neurodegeneration ° and plasma osteopontin (OPN) is another surrogate biomarker

of inflammation in ON. ©

However, to date, no study has been conducted to assess the validity of TOS and its correlation
with OPN and NfH. Therefore, aim of this study was to evaluate the correlation between these

biomarkers of with visual outcome and TOS in the course of acute optic neuritis.
Methods

Written informed consent was obtained from all persons before entering the study. The study was
approved by the local ethics committee (Bolzano nr 19-2014) and performed in accordance with

the Declaration of Helsinki.

Patients inclusion

All consecutive patients presenting to the Neurology outpatient Clinics of Merano Hospital between

December 2014 and November 2015 with a diagnosis ON, were invited to enter the study. In all
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patients a diagnosis of ON was made clinically as previously described according to the opticus

neuritis study group”’

All patients underwent neurologic and ophthalmologic examinations, including visual acuity
assessment, direct ophthalmoscopy. Laboratory examinations, including vasculitis screening and
search for anti-neuromyelitis optica antibodies (aquaporin4-antibodies).antibodies against myelin
oligodendrocyte glycoprotein were tested. MR imaging was done to exclude other causes of ON or

compressive lesions® Finally all patients were followed and no atypical features were observed.
Procedure of the study and B-Ultrasound Sonography

TOS, visual acuity, plasma biomarkers were recorded at onset and after 12 months. At
presentation TOS was evaluated by an expert neurosonologist. TOS was always performed in the
same day and prior to the initiation of steroid treatment. Sonographer was unaware of the condition
of case or control, and of the side involved. To ensure blinding, patients and healthy controls were
asked not to reveal their status (or their affected side) during examinations and were always placed

on the tilt table before the arrival of sonographer.

TOS was carried out in B-mode using a Toshiba Aplio XG equipped by a 4-11 Megaertz 5 S1
Linear Probe (Toshiba Medical System, Applio Nasu, Japan). We adopted the same procedure
described elsewhere.® Subjects were examined in supine position with the upper part of the body
and the head elevated to 20-30 degrees to avoid any pressure on the eye and were asked to keep
their eyes in a mid-position and to suppress eye movements. An approved examination program
for the orbit was chosen using the lowest mechanical index (0.2). The measurements of ONSD
and OND were performed in both eyes. A difference in nerve diameter of 0.3 mm or more,
compared with the contralateral side, was defined as a sign of nerve swelling. % |n order to
minimize intra-observer variability each bulb was examined three times and the means were

calculated.
Biomarkers

(Blood collection and circulating OPN and pNF-H determinations). After collection, the clotted
venous blood was centrifuged at 3,000 rpm for 15 min to obtain the serum that was then stored at
—-80 °C until use. Osteopontin and neurofilament heavy chain serum levels were measured using
the human OPN DuoSet ELISA development kit and the ELISA-pNFH-V1 (R&D Systems,
Minneapolis, MN, USA; EnCor Biotechnology Inc, Gainesville, FL, USA, respectively) according to
the manufacturer’s instructions. The optical density (OD) of each sample was determined at 450
nm with a Spectra Count (Bio-Rad, Hercules, CA, USA), subtracting the lowest mean OD of the
negative control. For the OPN ELISA, given that the kit has not been validated for serum samples,
we performed validation tests as suggested by the manufacturers. Briefly, we tested the kit with

PBS supplemented with titrated amounts (10-50 %) of fetal bovine serum (Invitrogen, Burlington,

45



ON, Canada), fetal calf serum (Invitrogen), and donkey serum (Sigma, St Louis, MO, USA). All

values obtained were comparable with the negative control.**

Statistical Evaluation

Continuous variables were described by their median with the interquartile range for non-
parametrically distributed variables and means with standard deviation for parametrically

distributed variables, respectively.

Comparisons between groups were assessed using parametric (Pearson’s test of correlation) and
not parametric (Mann-Whitney U test and Wilcoxon signed-rank test), where appropriate with

statistical significance set at the 0.05 level.

All analyses were performed using dedicated statistical software (IBMR Statistical Package for
Social Science (SPSS), version 23.0.0.2, Armonk, New York, USA).

Results
Participants

Of the 28 patients who presented with first ON during the study period, 4 did not meet the study
criteria and were excluded from further analysis (1 missed in the follow-up, 3 had potentially
confounding conditions). Hence, we investigated in this prospective study 23 patients, of which 11
had prior MS relapses (ON-MS), though never involving ON, and 12 had isolated ON and and age
matched healthy controls (n = 19). Other demographic and clinical characteristics of the included

patients and controls are reported in tablel.
Ultrasound and visual acuity

The Table 2 reports ONSD, OND and visual outcomes values of patients and controls. We
observed a significant thickening of the ONSD on the affected side (median, 6.3 mm; IQR, 6.0 —6.5
mm) compared to healthy controls (5.3 IQR, (4.9-6.1 mm; P<.001) and after 12 months 5.3 (4.9—
5.6; P<.001)) The median OND in the affected side (3.4 mm; IQR 2.9 —3.8mm) was significant
increased compared to the controls 2.7 (2.5-2.9) and after 12 months of follow-up 2.8 (2.7-3.0)
P<.001. Visual acuity was significantly worse at presentation in the affected eye 0.80 (0.40-1.00)
compared to the follow-up interval 1.00 (0.90-1.0; P<.001.).

Biomarkers

Serum OPN levels were significantly higher between in patients with ON at presentation (median
6.36 ng/ml; IQR 2.05-10.06) compared to healthy controls (3.21; 1.34-4.34) p<0.03. (table 3)
Similarly concentrations of NFH were significantly higher in patients (0.28 ng/ml;0.21-0.49) than in

controls p< 0.001 (see table 3). OPN and NfH concentrations remained elevated after 12 months.
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Prognostic value of OPN and NfH

We found a discrete correlation between the affected ONSD side and serum levels of OPN at TO
(Pearson test; r=0.49; p<0.05), (Fig 1). Similarly we showed a tendency toward an inverse

correlation between ONSD symptomatic side and NfH level (Pearson; r=-0.43; p=0.09). (Fig 2)
OPN and NF-L in predict visual outcome after optic neuritis

Moreover we investigated if the biomarker levels at baseline could predict visual outcome. No
statistically significant differences were found in serum levels of OPN at TO between patients with
residual visual deficit and patients showing complete recovery (Mann-Whitney test; median 7.9 vs
2.6). p=0.305

Regarding the serum levels of NF at TO we observed no statistically significant difference between
patients with visual deficit at follow-up compared with patients with a good visual outcome (Mann-
Whitney test; median 0.39 vs 0.28).p=0.291

The of OPN at T12 were significantly higher in patients with poor visual outcome compared to
patients showing a complety recovery of visual function (Mann-Whitney test; median 10.8 vs 4.6).

p=0.019).

Regarding the serum levels of NF at T12 we observed no statistically significant difference between
patients with visual deficit at follow-up compared with patients with a good visual outcome (Mann-
Whitney test; median 0.36 vs 0.25); p=0.236

Discussion

Ours is the first longitudinal study to measure biomarkers for axonal injury (NfH) and inflammation

(OPN) in the serum of patients with acute ON compared to TOS and visual acuity.

Similar to previous studies we found that TOS is a sensitive technique for detection of significant

optic nerve thickening on the side affected by acute ON. 1213

Another important aspect is that NfH and OPN concentrations were higher in patients with ON than
in controls and remained elevated even after 12 months.

Moreover the concentration of OPN at presentation were significantly higher in patients with
residual visual deficit after 12 months, and in this way they were of prognostic relevance. We also
observed a tendency of a higher concentration of NfH in patients with residual deficit compared to

patients with a complete recovery after 12 months.

Our findings are in accordance with studies of Shimizu et al., who investigated plasma OPN in 17
patients with MS and 16 NMO and found that values correlated directly with expanded disability

status scale of Kurzke in both diseases and were higher during relapse.® Moreover Comabella et al
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and Vogt et al. showed that OPN levels were higher during relapse than during remission of MS. 1
15

Furthermore other studies found higher concentration of NfH in patients with ON compared to
controls or higher concentrations in NMO-ON with more serious visual impairment compared to

MS-ON or controls. %°

Although our study failed to show a significant relation but only a tendency of higher NfH
concentrations at onset of symptoms in patients with a residual deficit at follow-up, this could
depend on not enough number of recruited samples of NfH at time 0 (only18), due to technical

reasons.

Although most patients had a significant improvement in visual acuity, the persistence of high
concentrations of the biomarkers is suggesting a persistent inflammation and presence of

neurodegeneration.

The study has several limitations, including its small size. The main limit of this study is the lack of
statistical power, because there are only 23 patients included and only 18 sample of NfH. The
small sample might not be sufficiently large to achieve adequate statistical power. Secondly
ultrasound is an operator dependent technique, but we already demonstrated a low inter- intra rater
vf';lriability.g'16

Taken together, our results supports the feasibility and usefulness of measurement of biomarkers
parameter in patients affected by immune mediated ON. OPN and increase of ONSD seems to be

correlated with intensity of inflammation and have a prognostic value.

In conclusion, this study provides initial data that levels of OPN and in less extent NfH and predicts

visual outcome and neuronal loss after ON.

This finding highlights the potential for selection for neuroprotective drugs in patients with elevated
levels of biomarkers and increased of ONSD at onset of symptoms. The finding of increased OPN
values as well as of ONSD in patients with a residual deficit at follow-up remain to be evaluated in

future larger prospective studies.
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Optic Neuritis Healthy controls p
Number of patients (%) 23 (100%) 19 (100%)
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Females, n (%) 19 13 0.47*
Males, n (%) 7 6
Time from onset days 14 (8-26) N/A
Follow up days 360 N/A
Age, years 33.04£8.0 34+,8.0 0,63
Isolated Optic Neuritis n (%) 12 (52.2)
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Data were expressed in frequency (percentage) or means <+ standard deviation
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Table 2. Sonographic features and visual outcomes o

f patients at baseline and after 1 year

of Follow-up
Parameter T ON Affected eye Healthy controls P
(n=23) (n=19)

ONSD mm TO 6.3 (6.0-6.5) 5.3 (4.9-6.1) <0.001
T12 5.3 (4.9-5.6)
P <0.001

OND TO 3.4 (2.9-3.8) 2.7 (2.5-2.9) <0.001
T12  2.8(2.7-3.0)
P 0.001

VA TO 0.80 (0.40-1.00)
T12  1.00 (0.90-1.0)
P <0.001

T:Time

ON: optic neuritis

ONSD: Optic nerve sheath diameter, mm

OND: Optic nerve diameter, mm

VA: Visual acuity

mm: millimeter
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Table 3. Osteopontin, Neurofilament of all patients

at baseline and after 1 year of follow-up

Parameter T ON Affected eye Healthy controls P
(n=23) (n=19)
OPN ng/ml TO*  6.36 (2.05-10.06) 3.21 (1.34-4.34) <0.03
T12  6.70 (3.85-10.90) 3.21 (1.34-4.34) 0.02
P <0.24
NfL* ng/ml TO*  0.28 (0.21-0.49) 0.02 (0.02-0.08) <0.001

T12  0.25(0.20-0.44)

P <0.96

OPN: osteopontin

NfH: neurofilament

Ng/ml: nanogramm/milliliter
N: number of patients

* Group size is only n=18
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Figure 1 Serum Osteopontin (OPN; ng/ml) concentrati  ons in patients with acute optic
neuritis (ON) at onset of symptoms. Serum OPN corre  lates with optic nerve sheath diameter

in the affected eye at the time of sampling (Pearso  n’s R = 0.49; p <0.05).
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Figure 2. Optic nerve sheath diameter and serum pho  sphorylated neurofilament heavy chain
(NfH ng/ml) concentrations at onset of symptoms. In verse correlation between optic nerve
sheath diameter in the affected eye and serum conce ntrations of NfH (Pearson’s R=-0.43,
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Abbrevations

Transorbital sonography (TOS)

Multiple sclerosis (MS)

Optic neuritis (ON)

Optic nerve diameter (OND)

Optic nerve sheath diameter (ONSD)

Single isolated optic neuritis (SION)

Relapsing isolated optic neuritis (RION)

Chronic relapsing inflammatory optic neuropathy (CRION)
Multiple sclerosis associated optic neuritis (MS-ON)
Neuromyelitis optica optic neuritis (NMO)
Unclassified optic neuritis (UCON

neuromyelitis optica (NMO)

Cerebrospinal fluid (CSF)

Magnetic resonance imaging (MRI)

Visual evoked potentials (VEPS)

Retinal nerve fibre layer (RNFL)

Optic Neuritis Treatment Group (ONTT)

Neurofilament (NF)
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