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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 Sjögren 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 neuromyelitìs 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). 
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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.  
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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.1,2 

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. 3 

2. Prevalence 

Patients with acute ON are typically healthy young adults with a female preponderance with a ratio 

of approximately 3:1. 2 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. 4-6 

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 .1 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)1
 (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 Behçet disease (BD); 4. neuroretinitis with optic 

disc oedema and macular star exudates. 7 
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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  

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

to 2 weeks 

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

exacerbation in visual function 

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 
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Color vision impairment Abnormal ocular findings, retinal 
abnornalities 

Fundus impaired with 
swelling(papillitis), ¼ 
combinations of perivenous 
sheathing, 50% normal 

Unexplained optic atrophy lacking history 
of ON or MS 

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.1 

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.2 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. 
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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. 

 

Nosology Definition Diagnosis Paraclinical test Reference 

Isolated  optic 
neuritis (ION) 

A single and 
isolated episode 
of ON 

Red  Flags MRI sign s of 
inflammation, but 
brain and spinal 
cord imaging are 
essential normal  

Petzold, A. et al. 8 

Relapsing isolated 
optic neuritis 
(RION) 

A spontaneously 
relapsing and 
isolated episode 
of ON   

Spontaneous 
relapses, red 
flags 

MRI finding for 
ION 

Petzold  et al 8 

Chronic relapsing 
inflammatory 
optic neuropathy 
(CRION) 

Relapses of 
isolated 
episodes of ON 
on steroid 
withdrawal 

Relapses,  on 
steroid 
withdrawal 

Seronegative  for 
AQP4-IgG 

Kidd D et al 8 

 

Neurom yelitis 
optica-optic 
neuritis (NMO-ON) 

spontaneously 
relapsing 
episodes of ON 

Relapses, 
poor recovery 

Seropositive for 
AQP4-IgG 

MRI 

 

Wingerchuk, Det 
al 10 

Multiple sclerosis 
optic neuritis (MS-
ON) 

An episode of 
ON in 
association  with 
radiological 
evidence for 
dissemination in 
space and 
dissemination in 
time  

Good recovery 
within  2 
months in 
most cases 

MRI  findings  
typical  for 
multiple sclerosis 

Polman, C. et al.11 

 

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

Atypical 
course,more 
frequent in 
africans 
(sarcoidosis),  

Relapse when 
corticosteroids 

MRI, orbits, chest 
radiography, 
ANA, serum ACE 

 Reynolds J et al, 
12 

Table 2 Definitions and diagnosis of optic neuritis (from Petztold A.) 
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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.13 

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

weeks, or lack of recovery after 8 weeks. 14,15  

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.16 

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. 17 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) plaques 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. 18 

B cell activation against myelin basic protein can be identified in the cerebrospinal fluid of patients 

with optic neuritis 19 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.20 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.21 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. 22 

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

of acute ON but have yielded little to no beneficial effect 23-24 

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.25 

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 26 

7. Investigations 

Because of its localization and easy access, the optic nerve is suitable for more investigations. 

Advances in visual evoked potentials (VEPs), 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 neuritis27 

During acute optic neuritis, a common MRI finding is contrast enhancement of the optic nerve, 

indicative of BBB breakdown.28 

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 following28.  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 
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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. 30 

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. 1 

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. 31
 

Secondly a median decrease of 20% in retinal nerve fiber layers can be observed after an episode 

of ON. 32 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 degeneration32 

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. 33 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. 33 

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

nerve caused by demyelination.34 .Although the VEP is very useful for detecting an anterior visual 
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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. 35 

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.36,37 

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. 38-43 

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 α4β1 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-β 44-45 

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

tuberculosis. 46-48 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. 49 

Another 5-year follow up study found that OPN O correlated to disease severity and relapse rate of  

multiple sclerosis (MS). 50 These results suggest that OPN may provide an indicator of the 

response to treatment in MS patients.  51 

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 
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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.52 

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 

and axons into the extracellular fluid. 53 Nf move later from the extracellular fluid into the 

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.54 

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 

conditions such as, traumatic brain injury55,,56, subarachnoid haemorrhage57, and motor neuron 

disease 58 as well as in not neurological condition such as glaucoma 59 

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) 60 

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

compared with control subjects. 61 

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

disabling events in relapsing conditions and help subsequent therapy response. 
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Aim  
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. 
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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..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.1 

Axonal degeneration and inflammation in ON coexist and are related to loss and recovery of visual 

function.2,3 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. 4  

Previous studies showed that body fluid neurofilament (NfH) levels are possible candidate 

biomarkers of neurodegeneration 5 and plasma osteopontin (OPN) is another surrogate biomarker 

of inflammation in ON. 6  

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.7 

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.8 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.9 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. 10 In 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, 
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ON, Canada), fetal calf serum (Invitrogen), and donkey serum (Sigma, St Louis, MO, USA). All 

values obtained were comparable with the negative control.11 

 

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 table1.  

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 T0 

(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 T0 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 T0 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. 12-13
 

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.6 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. 14-

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. 2-5 

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 

variability.9,16 

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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Table 1 Characteristics of patients and controls  

 Optic Neuritis Healthy controls p 

Number of patients (%) 23 (100%) 19 (100%)  

Sex    

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 33.0±8.0 34±;8.0  0,63 

 

Isolated Optic Neuritis n (%) 

MS-Optic Neuritis n (%)    

12 (52.2) 

11 (47.8) 
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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  

(n=23) 

Healthy controls 

(n=19) 

P 

ONSD mm T0 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 T0 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 T0 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  

(n=23) 

Healthy  controls 

(n=19) 

P 

OPN ng/ml T0* 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 T0* 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). 

 

 

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, 

p=0.09). 
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