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ABBREVIATIONS

ADD - Acquired demyelinating disorder

CNS - Central nervous system

ADEM - Acute disseminated encephalomyelitis
NMOSD - Neuromyelitis optica spectrum disorder
MS - Multiple sclerosis

CIs - Clinically isolated syndrome

MOG - Myelin oligodendrocyte glycoprotein
MOGAD - Myelin oligodendrocyte glycoprotein @édy associated disease
MRI - Magnetic resonance imaging

ON - Optic neuritis

™ - Transverse myelitis

NMO - Neuromyelitis optica

NMOSD - Neuromyelitis optica spectrum disorder
POMS - Pediatric onset multiple sclerosis

DD-NOS - Demyelinating disease not otherwisecdjed

CSF - Cerebrospinal fluid

OCBs - Oligoclonal bands

IgG - Immunoglobulin G index
GM - Grey Matter

FLAIR - Fluid attenuated inversion recovery
WM - White matter

T1W - T1l-weighted image

T2W - T2-weighted image

v - Intra venous

AQP4 - Aquaporin-4

DWI - Diffusion-Weighted Imaging



ABSTRACT

BACKGROUND:

The acquired demyelinating disorder (ADD) is chtgszed by the
destruction or damage of normally myelinated stmeg of the central nervous
system (CNS) which are immunologically mediated. qéiced demyelinating
disorders encountered during childhood includeedigseminated encephalomyelitis
(ADEM), neuromyelitis optica spectrum disorder (N8®D), multiple sclerosis (MS),
Clinically isolated syndrome (CIS) and the moreerdly discovered anti-myelin

oligodendrocyte glycoprotein (anti-MOG)—associatedephalomyelitis.

Radiologists play a major role in the diagnosis atifferentiation these
diseases. Recent discovery of some key MRI imafgiatyires which can be explained
by the pathophysiological basis of these differentities. It helps in identifying
magnetic resonance imaging predictors of a pagrodémyelinating diagnosis in the

pediatric population which can have broad implmasi on treatment of the disease.

The aim of this study is to determine the clinipatdfile and imaging features

of the pediatric acquired demyelinating disorddrthe central nervous system.

MATERIALSAND METHODS:

One year hospital based cross sectional study was ¢h Department of

Radio-diagnosis at the KLE'S Dr Prabhakar Kore Hta$g& MRC, Belagavi.

30 pediatric patients clinically suspected of hgvidemyelination disease
presented to the department of radiodiagnosis imeheded in the study. The patients

were subjected to MRI brain and spine scan.
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The study population were analysed based on agelegeclinical history,
abnormalities on MRI brain, optic nerve & spine gimgy.

OBSERVATION AND CONCLUSION:

In our study, the majority (43.33%) were agetiveen 7 to 12 years with
mild female predominance. The most common diagnesis ADEM (53.33%)

followed by equal distribution of MOGAD & NMOSD.

ADEM cases showed lesions in bilateral cerebral ibeheres in an
asymmetric distribution with predominant suprateiado brain involvement and

majority of the cases showed large lesions.

In MOGAD cases, brain parenchyma showed predomindange lesions in
supratentorial distribution. Spinal cord lesion wpsedominantly LETM with

statistically significant involvement of the lumbspinal cord.

In NMOSD cases, statistically significant assooiativas seen with area
postrema syndrome and periaqueductal grey mattare& postrema lesions on MRI
brain. Spinal cord lesions in NMOSD was predomilyabETM with involvement of

the cervical and thoracic spinal cord involvement.
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I ntroduction

INTRODUCTION

The acquired demyelinating disorder (ADD) is chtgeszed by the
destruction or damage of normally myelinated stmed of the central nervous
system (CNS) which are immunologically mediatedeyl are characterized by axonal
damage and dysrupture of the myelin sheath whicbursc secondary to the

neuroinflammatory process.

Acquired demyelinating disorders encountered ducimitghood include acute
disseminated encephalomyelitis (ADEM), neuromyglitiptica spectrum disorder
(NMOSD), multiple sclerosis (MS), Clinically isotd syndrome (CIS) and the more
recently discovered anti-myelin oligodendrocytecglgrotein (anti-MOG)—associated
encephalomyelitié. Demyelinating disorders are challenging to diffeiae from
each other and they can also mimic anti-MOG endéhabecause all these
disorders can present with nonspecific MRI (magnedsonance imaging) findings
and with overlapping clinical symptoms. Detailednidal history and clinical
examination helps in improved diagnostic accurdéye discovery of antibody-based

biomarkers have led to changes in defining critefithese disordets

Radiologists play a major role in the diagnosis atifferentiation these
diseases. There was recent discovery of some kelyirkdgjing features which can be
explained by the pathophysiological basis of thd#&rent entities. It helps in
identifying magnetic resonance imaging predictofsaoparticular demyelinating
diagnosis in the paediatric population which caveharoad implications on treatment
of the disease. Radiologists can also use histady l@omarkers to improve the
interpretation of the MRI imaging. This composit@peach improved the

understanding, diagnosis, prognosis and treatnfaéhtee disease entitiés.
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I ntroduction

The widespread access to MRI, along with refinemehtneuroimaging
techniqgues and advanced knowledge of the spectfuthese diseases lead to an

increase in the number of diagnosed and reporteescaf ADD. Even then, the ADD

still represents a group of rare diseases of tidhdod @),
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Aim & Objectives

AIMS & OBJECTIVES

To determine the clinical profile and imaging features of the pediatric acquired

demyelinating disorders of the central nervous system

To differentiate the imaging features of different subtypes of acute

demyelinating disorders
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Review of literature

REVIEW OF LITERATURE

Acquired demyelinating disorders (ADD) can be defiras disorders caused

by inflammatory demyelination of the central nersosystem (CNS) resulting in

single (mono-focal) or multiple (poly-focal) lesigf

Monophasic ADD:

Clinically isolated syndrome (CIS): mono-focal oolyfocal deficits without
encephalopathy, which includes;

0 Optic neuritis (ON)

o Transverse myelitis (TM)

0 Other clinically mono-focal or poly-focal ADD

Acute disseminated encephalomyelitis (ADEM): pobdb deficits with

encephalopathy

Recurrent ADD:

Neuromyelitis optica (NMO)
Myelin oligodendrocyte glycoprotein (MOG) antibodgsociated disease
Pediatric onset multiple sclerosis (POMS)

Recurrent demyelinating disease not otherwise 8pddDD-NOS)®)

Pediatric patient presenting with new onset sul@adatal neurologic deficits

occurring after a known infection, and in the alegerof trauma, metabolic

derangements, or known underlying structural abatities, should be suspected of

having acquired CNS demyelination. Suggested woffughese children includes
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Review of literature

detailed history and physical examination, the loergpinal fluid (CSF) analysis,

serum antibody analysis and neuroimagdig.

Clinical features®

Usually the presentation will be subacute, with ptams appearing over 24 to 48

hours. Common symptoms of acute demyelination ildien include:

* Fever

» Seizure

* Encephalopathy which is indicated by behavioralngea(confusion or
excessive irritability) or alteration in conscioass (lethargy or coma)

» Visual disturbance like blurred vision or loss @dign

* Limb weakness like paraparesis, hemiparesis, qoaidsis or weakness of
bilateral upper limbs

» Cranial nerve involvement

» Extrapyramidal signs like akathisia, dystonia oskigesia

» Cerebellar symptoms like ataxia, uncoordinated mmear@s, imbalance,
speech problems(dysarthria), visual problems (igystes) and vertigo

» Sensory disturbances

* Signs and symptoms of meningism like sudden higlerfestiff neck,
severe headache, nausea or vomiting or confusion

* Bowel and bladder disturbances

Page 5
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Laboratory findings ®
Laboratory features, suggestive of acquired demggtn, include:

* Mild to moderate CSF pleocytosis

Elevated CSF protein

» Presence of oligoclonal bands (OCBS)

* Increased immunoglobulin G index (IgG)

» Presence of antibody-based biomarkers like anti-M&8body or anti-

AQP4 antibody

Neuroimaging feature$?

Magnetic resonance imaging (MRI) of the brain, trlind spinal cord may show:

Multifocal white and grey matter abnormalities bétsupra tentorial and
infratentorial brain parenchyma

» Spinal cord lesions

* Optic nerve thickening or hyperintensity on T2-weg&d imaging

* Post contrast enhancement of lesions after the rastmation of

gadolinium
Management

Management of acute demyelinating symptom can lbe edth symptomatic
treatment and in the cases of chronic or polyphakésease, disease-modifying
treatment can be started. The management team dshaalude a pediatric
neurologist, nurse, counsellor and a neuropsyclisilag provide both medical and

supportive service$)

Page 6



Review of literature

Multiple sclerosis (MS), acute disseminated enckphgelitis (ADEM),
neuromyelitis optica spectrum disorder (NMOSD), @nel more recently identified
anti-myelin oligodendrocyte glycoprotein (anti-MG@&3sociated encephalomyelitis
are among the demyelinating illnesses that canctaffhildren. Both in terms of
clinical presentation and imaging, pediatric dermaing diseases can manifest in
startling ways. Positive CSF values may not be @dgaredictor of a demyelinating
condition as that of a positive MR imaging resllespite the fact that many of the
radiologic characteristics of these diseases anéasj certain new developments may
enable radiologists to distinguish between varidisease processes. The criteria for
various conditions have changed as a result of ramraents, such as the
identification of antibody-based biomarkers. Aseault, many disorders now have

better knowledge, diagnosis, prognosis, and thefapy

ACUTE DISSEMINATED ENCEPHALOMYELITIS (ADEM)

ADEM represents a monophasic acute inflammatorydarmdyelinating event
of brain parenchyma and spinal cord with enceptatopwhich will usually follow a

recent vaccination or viral infection.

Pathogenesis

Like MS, the exact etiology of the ADEM is uncentait causes immune-
mediated CNS demyelination and is linked to angemic challenge in certain febrile
illnesses or postvaccination. According to the entrtheory, myelin components
react with antigens of viral origin and, as a redugger a secondary immune-

mediated reaction that, in turn causes demyelinati@ perivenular distributioh.
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Clinical Features

ADEM is usually a monophasic event which can hapgteany age group. But

the incidence is more common in pediatric poputatspecially children younger

than 10 years old. Slight male predominance is atged (1.3:1)8

In ADEM the symptoms are usually generalized thaoaf neurological deficits

which includes:

Fever

Headache

Reduced level of consciousness which ranges frtimargy to coma
Seizure

Multifocal neurologic symptoms such as cranial eemvolvement,
hemiparesis, paraparesis or quadriparesis and witreement disorders

Behavioral changes

Classification

International Pediatric MS Study Group A proposetiasification system for

defining monophasic ADEM, recurrent ADEM and mufigsic ADEM®

Monophasic ADEM: No evidence of development of nksions or

demyelinating event.

Recurrent ADEM: New demyelinating event developimpre than 3

months after the initial event and more than 4 \sesdter steroid treatment
completion which will shows demyelination in themsa areas on MR

imaging.
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Review of literature

* Multiphasic ADEM: New demyelinating event developimore than 3
months after the initial event and more than 4 \sesdter steroid treatment
completion. The new lesions involves newer areasthef CNS on

neurologic examination and MR imaging.

Diagnosis

Laboratory Diagnosis

Cerebrospinal Fluid analysis: may show pleocytasid an increase in myelin basic

protein.

Neuroimaging

BRAIN

» Bilateral WM involvement in an asymmetric distritaut (Fig 1A).

» Multiple oval shaped lesions with indistinct margiand which are usually
>2 cm.

* Lesions are distributed along central white matjaxtacortical white
matter (Fig 1B), brain stem, periventricular ancebellar regions.

» Symmetrical involvement of the GM like basal gaagind thalami (Fig
1C) can be seen.

» Active lesions may show ring, punctate or arc liggen ring sign)

enhancemen!
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Figure 1: Typical lesions for ADEM?

Figure 1 A, Axial FLAIR image showing moderate sl hyperintense lesion in
bilateral (left> right) cerebral hemispheric WM. Bagittal FLAIR image showing
multiple areas of FLAIR hyperintensity in the ce@hemispheric WM (arrow). C,
Axial FLAIR image showing near-symmetric FLAIR hypgensity in the bilateral
thalami (arrow) and posterior periventricular WM, Bxial FLAIR image showing
hyperintensity in the posterior subcortical andpd@éMV of the cerebral hemispheres.
E, Sagittal FLAIR image showing confluent FLAIR leyptensity in the lower brain

stem extending into the upper cervical spine (ayrow
SPINAL CORD

Variable involvement of the spinal cord can be se®pinal cord can be
involved in 10%-30% of cases. Longitudinally exieastransverse myelitis,
predominantly affecting the thoracic spinal cordhwinvolvement of grey or white

matter was commonly observéd.
Management

A 5-day course of intravenous steroids can be gineatute presentation and plasma

exchange or IV immunoglobulin (IVIg) is consideliaccase of refractory disease.
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ANTI-MYELIN OLIGODENDROCYTE (MOG)-ASSOCIATED DISEAS E
(MOGAD)

MOGAD is a distinct clinical entity which represena group of acquired
demyelinating disorders by the presence of IgG badies to the myelin
oligodendrocyte glycoprotein (MOG). Clinical and uneimaging features of
MOGAD overlaps with acute disseminated encephalditig/e
(ADEM), neuromyelitis optica spectrum disorders (NBD) and the multiple

sclerosis (MS)!3

Pathology

Myelin oligodendrocyte glycoprotein (MOG) is a bt situated on the
outermost surface of myelin sheaths and oligodarytieamembranes. MOG antibody
is thought to have a role in cell adhesions anchit be a cellular receptor. Some

studies have suggested that, MOG can be a markeyefn maturatiort.

Clinical features

It can follow a monophasic or relapsing course @hgelinating event, with
absence of typical criteria for multiple sclerosisany other known demyelinating
disorder and it occurs with the presence of serudGvantibodies. The most common

presenting complaints ar&":

Optic neuritis (ON)

Transverse myelitis

Acute disseminated encephalomyelitis

ADEM-like presentation
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DIAGNOSIS

LABORATORY DIAGNOSIS

e Serum- MOG antibody immunoglobulin G (IgG) is tekta serum using
indirect fluorescence test or fluorescence-activatd! sorting

+  Cerebrospinal fluid-CSF pleocyto¥is

NEUROMINAGING
Certain imaging features are now being increasingigognized as typical of

MOGAD spectrum.

BRAIN

Parenchymal lesions tend to be less in numberasget in size compared to
NMOSD. Lesions typically involves supratentorial WWWld more commonly involves
nearby grey matter (GM) and shows ill-defined bosdeelative to the NMOSD.
Compared with NMOSD cases, MOGAD cases shows thalamd pontine lesions

more commonly with bilateral thalamic lesions (Bity) being frequent®

OPTIC NERVES

Involvement of the optic nerves can be seen in nigjof the MOGAD
patients, usually at the time of its presentatidgpically, bilateral optic nerve
involvement is seen with a predilection to the entesegment (Fig.2C). Optic nerves
can be thickened and edematous. Periorbital enhsrdeor involvement of the

posterior parts of optic nerve or optic chiasmarisommon'®
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Figure 2: MR imaging findings typically seen in aniMOG associated disease

Figure 2 A, Axial FLAIR image showing bilateral thenic signal abnormality. B,
Axial FLAIR image of the posterior fossa showingmsyetric expansion and
confluent FLAIR hyperintense lesions involving thiéateral brachium pontis/middle
cerebellar peduncle (arrow) and the dorsal ponsC@htrast-enhanced axial T1-
weighted image with fat saturation showing enharesgnand enlargement of the
intraorbital segment of the left optic nerve (arjo®, Sagittal T2-weighted image

showing abnormal T2 hyperintensity and expansiothefdistal cord and conus.

SPINAL CORD

Spinal cord involvement is usually central affegticentral grey matter and
also white matter. Based on length of the spinad aovolved, it can be longitudinally
extensive spinal cord lesions, if the lesion ineslmore than 3 vertebral body height

or focal spinal cord lesions, if short segmentrilyanvolved.
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Both these patterns can be seen simultaneously.ifuvement of central grey
matter results in the appearance of "H" sign oralaknages and linear thin T2
hyperintense signals are seen on sagittal ¥eWhe distribution of cord lesions is
more likely to be seen in the lower cord or consis@mpared to the cervicothoracic

spinal cord (Fig.2D).

Management

The management of MOGAD is divided into the treattref acute attacks &

treatment for attack prevention.

Acute Attacks: Acute attacks will respond to megingtinisolone or other high-dose

IV steroids, usually 3- to 7-day course is recomdeeh

Preventive therapy: In case of relapsing diseasegl @GAD immunomodulatory
drugs are given. The most commonly used drugsianr@mab and mycophenolate

mofetil 12

NEUROMYELITIS OPTICA SPECTRUM DISORDERS (NMOSD):

It is an immune-mediated demyelinating CNS conditimrmerly known as
Devic's disease. The blood biomarker for the imnglmioulin G (IgG) autoantibody,
which distinguishes NMO from MS, was found in 2084llowing the demonstration
that this marker attaches to the aquaporin-4 (AQR4jer channel in a specific
manner, this demyelinating condition began to biedas AQP4 antibody associated

demyelinationt’
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Pathogenesis

AQP4-seropositive patients will demonstrate patbildeatures which are
distinct from that of MS. The immune related desfian is more focused on the
astrocytes, along with secondary damages to thesaand myelin. Various immune
mediated cells, including T cells, B cells, neulitgpand plasma cells can be found in
NMOSD patients. Complement and antibody depositisn also found in

lesions 18-1°

Clinical Features

The most common presenting features include:

Optic neuritis -unilateral or bilateral

» Transverse myelitis

» Brainstem/cerebellar syndromes

» Area postrema syndrome- nausea, vomiting and tatoée hiccups

* AQP4-IlgG—positive patients can have coexisting iautwune disorders

such as systemic lupus erythematosus or Sjogredrayre°

Diagnosis

In 2015, new diagnostic criteria was created usiomenclature that defines
the term NMOSD and stratifies patients by seroldgsting in NMOSD with and

without AQP4-1gG.

According to these criteria, six core clinical cheteristics for diagnosis of
NMOSD were identified, including ON, TM, area p@stra syndrome, acute

brainstem syndrome, symptomatic narcolepsy or addiEncephalic clinical
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syndrome, and symptomatic cerebral syndrome. Fagndisis in AQP4-1gG positive
NMOSD patients, only one core criterion is enou§lor seronegative NMOSD
patients, two core criteria are necessary for diagnoccur as a consequence of one
or more clinical events, and at least one of thegecore criteria should be ON, TM
with longitudinally extensive transverse myelitid ETM), or area postrema

syndrome?!

Laboratory Diagnosis

About 65% of pediatric NMOSD patients will show A@®Pantibody
seropositivity; however AQP4 antibody may not betdd positive at the time of the

first demyelinating event but it can become positip to 4 years later.

CSF analysis typically shows pleocytosis with prad@ance of lymphocytes.
Positive oligoclonal band testing and elevated Ig@ex can also be the associated

features?

Neuroimaging

MRI is the diagnostic modality of choice for thespacted cases of NMOSD

and the orbits, brain and spinal cord imaging sthde! done.

BRAIN

Brain lesions usually mirror the distribution ofuagporin 4 water channels, which

involves the periependymal regions abutting thernieias?!

» Periventricular white matter (Fig. 3Gb)

» Periaqueductal grey matter
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» Diencephalic lesions (Fig. 3Ga) surrounding therdthventricles and
cerebral agueduct and extend to involve the thal&ypothalamus, and
anterior border of the midbrain

* Dorsal pons (area postrema) (Fig. 3E&F), dorsal utteénd the solitary

nucleus

Corpus callosum, deep white matter lesions (sintdathat of MS) and corticospinal

tract involvement can also be seen.

OPTIC NERVE

Targeted MRI imaging of the orbits, including T2 iglged sequences and fat-

saturated T1 contrast sequence will demonstrate:

* T2 hyperintense and edematous optic nerves witlwidrout contrast
enhancement.
» Optic nerve is usually involved bilaterally witheaglilection to posterior

optic nerve, which might extend into the chiasfia.
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Ga

Figure 3: MR imaging findings typically seen in nemomyelitis optica spectrum

disorder.?

Figure 3 A, Sagittal T2-weighted image of the shewing expansion and abnormal
T2 hyperintensity in the cervicothoracic cord. Bxi#l T2-weighted image showing
T2 hyperintensity involving the central gray matteith some cord expansion. C,
Two contrast-enhanced sagittal T1-weighted imadesweig varying degree of
enhancement in the cord. D, Axial postcontrast Elgited image showing
enhancement of the bilateral pre-chiasmatic segnenhthe optic nerves. E, Axial

FLAIR image showing focal enlargement and FLAIR égptensity in the dorsal left
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lower brain stem (arrow) in area postrema. F, &lglt2- weighted image showing
abnormal signal in the cervicomedullary region. @aial FLAIR images showing
near-symmetric FLAIR hyperintensity in the diencajpm. Gb, Axial FLAIR
showing confluent abnormal FLAIR increase signahgl the periependymal regions

surrounding the lateral ventricles.

SPINAL CORD

NMOSD can involve long segments of the spinal cerdich can be seen as
T2 & FLAIR hyperintense signal involving more thémree vertebral body heights

(LETM lesions) (Fig. 3A).

Lesions usually involve more than 50% of the cresstional area of spinal
cord with a central grey matter predominance. Téikects the localization of AQP4

protein channels along the ependymal lining incdetral canal (Fig 3B).

There can be associated cord edema and varyingrpatf enhancement on
postcontrast study (Fig 3C). An upper cervical apoord lesion can also be seen to

extend into the brain stem (Fig 3#).

Management

Management of NMOSD consists of treatment of aaittacks and preventive
treatment.

Acute attacks: IV methylprednisolone at 20 mg/kg3t mg/kg for 5 days. If the
symptoms worsen or there is no evidence of any orgment, then immediately

plasma exchange is started.
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Preventive therapy: It reduces the risk of relaps¢he disease and also associated
disability. Disease-modifying drugs consists of wyieenolate mofetil, azathioprine

and rituximab?3-24

MULTIPLE SCLEROSIS

MS is still not fully understood, despite decades study and recent
improvements in therapy. The most common way tindet as a CNS demyelinating

illness with an immune-mediated origin.

Although the MS often appear in early adulthoodgérently between the ages
of 20 and 40, around 5% of people have symptomshddren. MS that manifests
before the age of 16 is known as paediatric MS) &fsown as pediatric onset MS
(POMS), early-onset MS, or juvenile MS. There arstinct distinctions between

POMS and adult-onset MS despite their similarites.

Associations

The development of the iliness is influenced byimmmental variables as
well as hereditary predisposition. Human leukoaméigen (HLA) genes have been
proven to enhance the likelihood of developing MEA-DR15 in particular has the

best correlation with early-onset MS.

Pathology

The most prevalent pathologic pattern has beentifaseh as perivenous
lesions attenuated with T cells, myelin-laden mpbheges, and complement

activation. This appearance resembles lesions deeranti-MOG sensitised
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experimental animal models and is suggestive dadraibody-mediated mechanish.

However, the exact underlying immune-pathologiacpss remains unclear.

Clinical features?”

Clinical presentation is highly variable dependinqgpn varying plaque location,

as well as over time. Examples of common cliniealdires include

Brainstem and cranial nerve involvement: Optic NteyrDiplopia or Vertigo

Cerebellum involvement: Ataxia and gait disturbance

Cerebrum and spinal cord involvement:
0 Upper motor neuron signs
0 Limb sensory loss or paresthesias

o Urinary incontinence

Others: Fatigue, Depression or Cognitive decline

Diagnosis

The diagnosis of multiple sclerosis is made by almioation of clinical
features and various other investigations. The M@ diagnostic criteria comprises
of clinical, laboratory and radiographic criter@ imultiple sclerosis diagnosis. It was
introduced in the year 2001 and then revised nialtimes, most recently in the year

2017%

Laboratory diagnosis

» Oligoclonal bands in CSF

e Immunoglobulin G in serum

Page 21



Review of literature

Neuroimaging:

Multiple sclerosis can be diagnosed if any onehese five criteria is fulfilled®

Number of lesions with objective clinical evidence Additional data needed for a diagnosis of multiple sclerosis
22 clinical attacks 22 None*
22 clinical attacks 1 (as well as clear-cut historical evidence of a previous None*

attack involving a lesion in a distinct anatomical locationt)

-

Dissemination in space demonstrated by an additional dlinical attack
implicating a different CNS site or by MRI

22 clinical attacks

~

Dissemination in time demonstrated by an additional clinical attack or by
MRIS OR demonstration of CSF-specific oligoclonal bands§

1 clinical attack 2

1 clinical attack 1 Dissemination in space demonstrated by an additional clinical attack
implicating a different CNS site or by MRI$
AND
Dissemination in time demonstrated by an additional clinical attack or by
MRI§ OR demonstration of CSF-specific oligoclonal bands§

Table 1 The 2017 McDonald criteria for diagnosis ofmultiple sclerosis in

patients with an attack at onset®

» Dissemination in space

Dissemination in space requires more than one Tfigtense lesions>8
mm in long axis), that are specific of multipleesdisis present in 2 or more of the 4

following locations:

1. Periventricular

2. Cortical or juxtacortical
3. Infratentorial

4. Spinal cord

+ Dissemination in time

Dissemination in time is established in one of2heays:
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1. New appearance of a T2-hyperintense or enhancaign@s compared
to the previous MRI scan.
2. Presence of an enhancing lesion and a non-enham2iiyperintense

lesion simultaneously in any MRI scan.

BRAIN

MS lesions can be found anywhere in the brain mdrgna, but characteristic
lesions of MS make the diagnosis more likely. @aitigrey matter, juxtacortical
white matter and the periventricular white matt&ig( 1A), are characteristic
locations of MS. Juxtacortical lesions (Fig 1B) atethe interface of cortical grey
matter (GM) and subcortical white matter (WM). Thisa significant finding since it
is one of the McDonald 2017 MRI criteria for disseation in space. Other specific
lesions that are seen in MS as areas of T2 & FLAYRerintensity are Dawson’s
fingers and corpus callosum lesions. Dawson’s fingee ovoid or elliptical lesions
arranged like pointing fingers away from the walfsthe lateral ventricle (Fig.1C).
On T1l-weighted sequences, the lesions of MS willehthe typical “black hole”

(Fig.1E) appearancd.

OPTIC NERVES

Optic neuritis (ON) in MS patients are typically osh segment lesions

predominantly involving unilateral optic nerve (Ri).
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Figure 4: Typical multiple sclerosis lesiong.

Figure 4 A, Axial FLAIR sequences shows abnormahm signal along the right
periventricular WM (arrow) with additional multifatfoci of abnormal FLAIR in the
bilateral periventricular WM. B, Sagittal FLAIR irga shows a hyperintense lesion
most likely in the subcortical WM (arrow). C, SagitFLAIR image shows oval
FLAIR hyperintense lesion orientated in a radiahian (arrow) from the ventricular
margin (Dawson’s finger lesion). D, Sagittal FLAIRage in the midline showing
abnormal signal (arrows) involving the corpus calilm. E, Arrow indicates a low-
attenuating lesion on axial T1-weighted sequenudicating a “black hole” lesion. F,
Axial T1l-weighted image with contrast shows a remjiancing lesion in the left
occipital lobe (arrow). G, Coronal T1l-weighted ireagith fat saturation shows

abnormal enlargement and enhancement of the keth@smatic optic nerve (arrow).

SPINAL CORD

MR imaging of the spinal cord is valuable becausgnmatomatic spinal

lesions can be seen in MS. Cervical to cervicottioreord is preferentially involved
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in MS but it can also manifest as several focablesin case of diffuse spinal cord

involvement. Typically MS lesions are located pkéamlly involving less than half of

the cross-sectional area of the spinal igure 5).

Figure 5: Typical multiple sclerosis lesions in thepine

Management

Immunotherapy is generally used for acute attaoksnitigate attack severity and

duration. Disease-modifying therapies are stromgbpmmended once a diagnosis of

pediatric MS has been established.
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Disease-Modifying Treatment

Fingolimod (oral)

Interferon beta-1a and interferon
beta-1b (IM or subcutaneous

injections)

Glatiramer acetate

US Food and Drug Administration (FDA) approved
for pediatric multiple sclerosis (2018) based on

Level of Evidence

phase 2 randomized controlled trial*®

European Medicines Agency approval for
children >12 years of age; prospective and
retrospective observational studies

44,45

Retrospective observational studies®

(subcutaneous injections)

Natalizumab (IV infusion)

Rituximab (IV infusion)

Prospective observational studies

Retrospective observational studies

910

46-48

Review of literature

Potential Side Effects

(rare)

Bradycardia, macular edema,
lymphopenia, infections, seizures

Injection site reactions, flulike
symptoms, depression

Injection site reactions, postinjection

tachycardia

Progressive multifocal
leukoencephalopathy, infusion

reactions

Infusion reactions, infections,
hypogammaglobulinemia

Table 2: Disease-Modifying drugs used in pediatridlultiple Sclerosis. 3!

MR Imaging Spine

Findings POMS ADEM NMOSD Anti-MOG
Spine region (CTL) c T CT can extend into lower TL conus
brain stem
Extent in vertebral <2 =3 =3 >3

segments
Cord location (GM or WM)

Enhancement

DWI restriction

Other features

Lateral WM <50% of

cross-sectional area.

Peripheral
predominance

Active plagues can
enhance

Active plaques can
restrict

Relapsing remitting

Swollen GM or WM

Variable

Variable

Monophasic
Prodromal iliness

Encephalopathy

Often positive brain MR

imaging findings

Variable involvement of

the spinal cord

Follow up should show

overwhelming resolution

of lesions

Central GM =50% of cross-
sectional area; central
predominance

Variable

Mot typical

Multiphasic

Bulbar or visual symptoms

Central GM =50% of cross-
sectional area; central
predominance

Variable

Mot typical

Multiphasic

Often visual symptoms

Table 3: Summary of spinal MR imaging features of pdiatric demyelinating

disorders.
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MRI IMAGING — DEMYELINATION PROTOCOLS

Demyelination protocols include the group of MRIgsences which have
been used together to get the optimum imaging @fwhite matter disorders. These
disorders can be of different etiology like infeetj inflammatory, toxic or ischemic

in origin.
For the diagnosis and follow-up of MS, the samequol was used.

Consortium of Multiple Sclerosis Centers is thetidguished resource for MRI

protocol recommendations used now which was updat2a18.32

4 different protocols were recommend dependingherctinical presentation:

Clinically Isolated Syndrome or new diagnosis

Routine follow up

Progressive Multifocal Leukoencephalopathy (PMLivsillance

Imaging of the spinal cord

Protocols

T1 sequence

Preferable 3D isotropic acquisition©f.0 mm.

Purpose:for proper imaging the anatomy and assessing theme loss. This is
preferable in cases of MS as disease severitydaability can be correlated with

loss of brain volume334
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T2 sequence

Preferable 3D isotropic acquisition©f.0 mm.

Purpose:for evaluation of the signal abnormality involvirlge white matter. For
imaging of the infratentorial lesions, T2 sequel&enore sensitive than that of

FLAIR. <3 mm slice thickness without any skip iflp2D is available??35

FLAIR sequence

Preferable 3D isotropic acquisition 1.0 mm.

Purpose:for evaluation of the signal abnormality involvitite white matter. For the
detection of periventricular and juxtacortical plag, FLAIR is more sensitive than
that of T2 sequence. <3 mm slice thickness withany skip if only 2D is

available323°

DWI/ADC sequence

Routine 2D DWI (diffusion-weighted imaging)

Purpose: Restricted diffusion may be demonstrated in actienyelinating MS

plagues.

T1 C+ (Gd) sequence

Contrast is required for clinically isolated syna® or new diagnosis,

Preferable 3D isotropic acquisition €1.0 mm or 2D sequence.
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Purpose: Enhancement can be seen in active demyelinatgigns, peripherally it is
usually incomplete (open ring sign). Disseminatioriime can be established based

on the enhancemen&®

Spinal cord imaging

Imaging of the entire spinal cord will take additab time, so usually a second
appointment is given in many patients. If the pdaties clinically stable, imaging of
the cervical spinal cord till the level of T4 vesta can be done. but if there are
symptoms related to the involvement of the thoragmal cord, or any alternative

diagnosis is considered then entire spinal coradilshioe imaged.

Any two among the following sagittal sequencesratemmended as per CMSC:
. T2
» Proton Density
« STIR

* T1-PSIR

It should be <3 mm slice thickness without any skip
If any lesion is seen on sagittal axial T2 imagesusd be done at that level.

These should be <5 mm slice thickness without &ipy &
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MATERIAL & METHOD

Source of data: Patients clinically suspected of having pediatreemgelinating

disorder presenting to the Department of Radio-Disis at the KLE's Dr. Prabhakar

Kore Hospital & MRC, Belagavi.

M ethod of collection of data:

Study design: Hospital based Cross sectional study.

Sample size: On an average around 30 cases undergo MRI for ¢hectibn of
pediatric demyelinating disorders per year at KLBISPrabhakar Kore Hospital&

MRC, Belagavi.

So the present study included all patients clinically suspected of having pediatric
demyelinating disorder presenting to the Departn@nRadio-Diagnosifrom 1%

January 2021 to 31% December 2021.

Sampling method: Universal sampling.

Study duration: 1January 2021- 3December 2021.

Inclusion criteria:

A. Age below 18 years.
B. Inflammatory demyelinating event of the centralvoers system in the period

from 15! January 2021 to 31December 2021.
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Exclusion criteria

A. Patients with alternative diagnosis such as
1. Infectious diseases
2. Metabolic diseases
B. Pre existing malignancy, psychiatric disordershoman immunodeficiency

virus infection.

M ethodology

Written informed consent was obtained from all giedy participants. Data
was collected in patients with clinical suspicidnasquired demyelinating disorders
from the pediatric neurology department at KLE's Fbabhakar Kore Hospital &
MRC, Belagavi and referred for magnetic resonamsaging (MRI) study to the
Department of Radio-Diagnosis at the KLE’s Dr. Pratar Kore Hospital & MRC,
Belagavi. Patients who underwent brain, orbit goided cord 3T magnetic resonance
imaging scan including T1 & T2 weighted imaging &1dAIR sequence. The lesions
were observed in regards to their size, locatiamgitudinal extension and
involvement of optic nerves. Differentiating imagirfeatures of the subtypes of
pediatric demyelinating disorders like anti MOG @@in Oligodendrocyte
Glycoprotein) associated encephalomyelitis, ADEM cyfe Disseminated
Encephalomyelitis) and NMOSD (Neuromyelitis OptiSpectrum Disorder) were
noted. All the data collected will be entered inpee-designed and pretested
questionnaire. The questionnaire consists of sdemegraphic data, clinical history,
physical examination and MRI findings. All the daallected were entered into MS

Excel sheet, and master chart will be prepared.efalgraphs and charts were
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prepared. All diagnosed cases of pediatric dematiig disorders were referred to

pediatric neurology for further management.

Does the study require any investigations or interventions to be conducted on

patients or other humansor animals? If so, please describe briefly:

Yes, magnetic resonance imaging of paediatric pistieith acquired demyelinating

disorders was done. Healthy humans or animalsarsvolved in this study.

STATISTICAL ANALYSIS

Since the study is of observational study the pliaanalysis was as follows.

The categorical data were expressed in terms ebrahtios and percentages. The
association between the MRI features, clinical dachographic characteristics were

tested using Chi-square test or Fisher’s exact test

Discrete variables were represented by median.

Nonparametric tests was used for comparing diseiables.

Suitable diagrams was used to depict the comparison

For all the tests the value of p less than 5% (0a@s considered significant.
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RESULTS

The final analysis included a total of 30 particifm

Table4 : Descriptive analysis of diagnosisin the population(N=30)

Diagnosis Number percentage
ADEM 16 53.33%
MOGAD 7 23.33%
NMOSD 7 23.33%
Total 30 100.00%

Among the study population, the most common diaignwas ADEM in 53.33% (16)
participants followed by equal nhumber of MOGAD aliMOSD cases, accounting

for 23.33% (7) participants each (Table 4 & Figéye

Figure6: Piediagram for diagnosiswisedistribution

MOGAD
23.33%
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Table5: Comparative analysis of diagnosis groups with age

Age groups ADEM % MOGAD % NMOSD| % Total| %
1-6yrs 7 43.75 14.29 2 2857 10 33.83
7-12yrs 8 50.00 57.14 1 1429 13 43833
13-18yrs 1 6.25 28.57 4 57.14 1 23.33
Total 16 100.0d 100.00 7 100.00] 30 | 100.00
Mean age 6.88 10.00 11.57 8.70
SD age 4.05 4.00 6.63 5.01

Chi-square=8.6780, p=0.0700

Among the study population, most of the particiga@#3.33%) was included in the

age group of 7-12 years, followed by 1-6 years33%) and 13-18 years (23.3%).

Among ADEM majority of the participants belongedth® age group of 7-12 years

(50.00 %) and 1-6 years (43.75 %). Among MOGAD migjoof the participants

belonged to the age group of 7-12 years (57.14 #@reas in NMOSD, most of the

participants were aged 13-18 years (57.14 %) (Talsle=igure 7).
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Figure7 : bar chart for comparison of diagnosiswith age
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Table 6: Comparison of diagnosis groups with gender

Gender | ADEM| % MOGAD | % NMOSD| % Total %
Male 8 50.00 3 42.86 2 28.5|7 13  43.83
Female 8 50.00 4 57.1 5 7143 17 5667

Total 16 100.00 7 100.00 7 100.00; 30 | 100.00

Chi-square=0.9110, p=0.6340

Among the study population, there was a slight fenpgedominance with a female:

male ratio of 1.3: 1. ADEM group showed equal numbé& male and female

participants whereas MOGAD and NMOSD showed fenpmkxlominance with a
female: male ratio of 1.33: 1 and 2.5: 1 respetbtiy€able 6 & Figure 8).

80.00

70.00

60.00

50.00

Percentage

40.00

30.00

20.00

10.00

0.00

Figure 8: Comparison of diagnosis groupswith gender

Male
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oMOGAD

oNMOSD

OADEM
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Table 7: Comparison of diagnosis groupswith Clinical symptoms

Clinical symptoms| ADEM % MOGAD % NMOSI %| Total % $guare| p-value
Fever 12 75.00 3 42.86 3 42.86 18 60}{00 3.2140 00.20
Seizure 6 37.5( 3 42.86 2 28.57 1n 36167 0.3180 530.8
Encephalopathy 9 56.25 2 28.57 2 28|57 13  43.33 30R.3| 0.3120
Visual 2 12.50 3 42.86 3 42.86 8 26.67 3.5190 0.1720
disturbance
Limb weakness 3 18.7p 4 57.14 3 42/86 10 33.33 3860 0.1650
Area postrema 0 0.00 1 14.29 3 42.86 4 13.33 7.7470 0.0210*
syndrome
Cerebellar 4 25.00 3 42.86 2 2857 9| 30.00 0.748p 0.6880
Symptoms
Head ache 7 43.7p 3 42?6 3 42|86 13 43.33  0.0020.9990

*p<0.05 indicates significant association

Among the study population, the major symptoms wieneer for 18 (60.00%)

participants followed by encephalopathy and hedwt dor 13 (43.33 %) participants

each.

In ADEM group the most common symptom was feverlfdr(75.00%) participants,

followed by encephalopathy for 9 (56.25 %) and lehd for 7 (43.75 %)

participants however none of the ADEM cases had postrema syndrome.

Among MOGAD group the major symptom was limb weaador 4 (57.14 %)

participants and fever, seizure, visual disturbancerebellar symptoms & headache

for 3 (42.86 %) participants each.
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Among NMOSD group the major symptoms were fevesual disturbances, limb
weakness, area postrema syndrome and headachg48r8% %) participants each.
Area postrema syndrome showed statistically sigaifi (p value = 0.0210)
association with NMOSD cases as compared to ADEM@GAD cases (Table 7 &

Figure 9).

Figure 9: Comparison of diagnosis groups with Clinical symptoms
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Table 8: Comparison of diagnosis groups with MRI Brain anatomical location

(T2 and FLAIR hyperintensity)

MRI Brain | ADEM % MOGAD % NMOSD % Total % Chi- | p-value
square
Cortical grey 5 31.25 2 28.57 0 0.0¢ 7 23.33 2.798(®.2470
matter
Juxta cortical 8 50.00 3 42.86 0 0.0d 11 36.6/ 5.398®.0670
white matter
Deep white 11 68.75 4 57.14 4 57.14 19 63.33  0.4330.8050
matter
Periventricul 6 37.50 2 28.57 4 57.14 12 40.00 1.2800.5270
ar white
matter
Periaqueduct O 0.00 1 14.29 3 42.86 4 13.33  7.74{70.0210*
al grey
matter
Corpus 3 18.75 3 42.86 2 28.5[ 8 26.6/ 1.464®.4810
callosum
Thalamus 8 50.0( 4 57.14 3 4286 1 50.00 0.286108670
Basal ganglia 8 50.00 3 42.86 3 4286 14 46.67 0.1530.9260
Brain stem 7 43.74 4 57.14 4 57.14 1 50.00 0.5B68D7650
Area 0 0.00 1 14.29 3 42.86 4 13.33  7.74{70.0210*
postrema
Cerebellum 6 37.5( 3 42.86 3 4286 1 40.00  0.08909560

*p<0.05 indicates significant association
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Among the study population the most common anatalmimcation of the
lesion on MRI Brain was deep white matter in 19.383%) participants followed by

thalamus and brain stem in 15 (50.00 %) participaatch.

ADEM cases showed deep white matter lesions in @876 %) cases
followed by juxta cortical white matter, basal ghkagnd thalamus in 8 (50.00 %)
cases each, however none of the patients showejpeductal grey matter and area

postrema involvement.

MOGAD group showed equal distribution of deep whitatter, thalamus and

brain stem lesions accounting for 57.14 % (4) pgrdints each.

Among NMOSD the common anatomical locations of th&n lesions were
deep white matter, periventricular white matter anain stem lesions in 4 (57.13 %)
participants followed by periaqueductal grey mattgea postrema, thalamus, basal
ganglia and cerebellum in 3 (42.86 %) participaaish. None of the patients showed
cortical grey matter and juxta cortical white maitezolvement. Involvement of area
postrema and periaqueductal grey matter showestatally significant (p value =
0.0210) association with NMOSD cases as comparedDEM & MOGAD cases

(Table 8 & Figure 10).
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Figure 10: Comparison of diagnosis groups with MRI Brain anatomical location

(T2 and FLAIR hyperintensity)
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Table 9: Comparison of diagnosis groups with mean number of positive findings

in supratentorial and infratentorial brain parenchyma by one way ANOVA

Diagnosis Supra tentorial Infra tentorial
Mean SD Median Mean SD Mediar
ADEM 3.19 1.05 3.00 0.81 0.98 0.00
MOGAD 3.17 2.14 3.00 1.67 1.51 1.00
NMOSD 1.88 1.64 1.50 1.75 1.91 1.00
Total 2.83 1.53 3.00 1.23 1.41 1.00
F-value 2.3266 1.6051
P-value 0.1169 0.2195

N

Among the study population,

the positive findingserey more common in

supratentorial brain parenchyma with a mean valu€.83 as compared to the

infratentorial findings with mean value of 1.23.

In ADEM and MOGAD the findings were more common sapratentorial brain

parenchyma with a mean value of 3.19 and 3.17 otispy/, whereas NMOSD

showed relatively equal number of positive of fimg involving both the

supratentorial & infratentorial brain parenchyma.

However the supratentorial and infratentorial imeshent was not statistically

significant with any of the diagnosis groups (Ta®l& Figure 11).
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Figurell: Comparison of diagnosis groups with mean number of positive

findingsin supratentorial and infratentorial brain parenchyma
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Table 10: Comparison of diagnosis groupswith size of lesion

Size of lesion ADEM % MOGAD % NMOSD %
Large lesion 11 68.75 3 57.14 2 28.57
Small lesion 5 31.25 4 42.86 5 71.43

Total 16 100.00 7 100.00 7 100.0(¢
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Large lesions are de-myelinating lesion with a ditan greater than 2 cm in the
transversal plane and small lesions are those witbiameter 0.3-2 cm in the

transversal plane.

Majority of the ADEM and MOGAD cases showed largsibns in about 68.75 %
and 57.14% participants each. But most of the NMQ@3Bes showed small lesions

(71.43%). (Table 10 & Figure 12).

Figure 12: Comparison of diagnosis groups with size of lesion
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Table 11: comparison of diagnosis group with optic nerveinvolvement

Optic nerve | ADEM % MOGAD % NMOSD % Total %
Not involved 14 87.5( 5 71.43 4 57.14 283 76.67
Involved 2 12.5 2 28.57 3 42.86 7 23.33
Total 16 100.0 7 100.00 7 100.00 30  100}00

Among the study population, optic nerve involvemes seen in 23.33% of the

participants. In NMOSD 42.86% participants showptmnerve involvement where

as MOGAD and ADEM showed optic nerve involvemen2&57% and 12.5% cases

respectively. (Table 11 & Figure 13).

Figure 13: comparison of diagnosis group with optic nerve involvement
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Tablel2: Comparison of diagnosis groupswith Optic nerve laterality

Optic nerve| ADEM % MOGAD % NMOSDO % Total %
None 14 87.50 5 71.43 4 57.14 28 76.67
Unilateral 1 6.25 1 14.29 0 0.0q 2 6.6
Bilateral 1 6.25 1 14.29 3 42.86 5 16.67
Total 16 100.00 7 100.0p 7 100.00 3D 100.00
Chi-square=5.6450, p=0.2290

Among the study population bilateral optic nerveoivement (16.67%) was more

common than unilateral optic nerve involvement 16%6).

Among ADEM & MOGAD cases, there was equal distnbatof unilateral &

bilateral optic nerve involvement in 6.25 % & 14£2%ases respectively. Among

NMOSD, 42.86 % cases showed optic nerve involveraedt all the cases showed

bilateral involvement. However, the diagnosis g not show any statistical

significance with the optic nerve laterality. (Teldl2 & Figure 14).
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Figure 14: Comparison of diagnosis groups with Optic nerve laterality
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Table 13: Comparison of diagnosis groups with Optic nerve segment involved
Optic nerve | ADEM| % MOGAD| % NMOSD % Total %
None 14 8750 | 5 71.43| 4 57.14 23 76.67
Anterior 2 1250 | 2 28,57 1 1429 5 16.67
Posterior 0 0.00 0 0.00 2 28,57 2 6.67
Total 16 100.00; 7 100.00 7 100.(‘)0 30 10000

Chi-square= 7.9750, p=0.0920
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Results

Among the study population, majority of the opterve involvement was along the
posterior segment, accounting for 28.57% of panéiots, however 16.67 % showed

anterior optic nerve involvement.

ADEM & MOGAD cases showed only anterior optic nemeolvement in 12.5% &

28.57 % cases respectively and none of them shpestrior involvement. Among
NMOSD cases posterior optic nerve involvement wasentommon (28.57 %) than
anterior involvement (14.29 %). However, the diagjaogroups do not show any

statistical significance with the optic nerve segitriavolved. (Table 13 & Figure 15).

Figure 15: Comparison of diagnosis groups with Optic nerve segment involved
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Results

Table 14: Comparison of diagnosis groups with spinal cord involvement

Spinal cord | ADEM % MOGAD % NMOSL % Total %

Not involved 13 81.25 3 42.86 3 42.86 19 76.6Y
Involved 3 18.75 4 57.14 4 57.14 11 23.38
Total 16 100.0 7 100.00 7 100.00, 30 | 100.00

Among the study population, spinal cord involvemesas seen in 23.33% cases and

spinal cord was not involved in 76.67 % cases.

In ADEM group, most of the cases didn’t show spit@id involvement (76.67%) and
spinal cord was involved only in 18.75 % cases wlax spinal cord involvement was

seen in 57.14% cases of MOGAD & NMOSD (Table 14i§uiFe 16).

Figure 16: Comparison of diagnosis groups with spinal cord involvement
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Results

Table 15: Comparison of diagnosis groupswith Type of spinal cord involvement

Spinal cord| ADE % MOG % NM % Total| % Chi- p-
involvement| M AD OSD square| value

LETM 2 125 3 42.86 3 42.86 8| 26.673.519 | 0.172
Focal spinall 1 6.25 1 14.29 1 14.24 3 10.000.536 | 0.765
cord lesion

Longitudinally extensive transverse myelitis (LETM)defined as a T2 hyperintense

spinal cord lesion extending for three or more efardl levels and focal spinal cord

lesions will extend for less than three vertebeakls.

Among the study population, LETM (26.67 %) was mooenmon than focal spinal

cord lesions (10.00 %).

In ADEM group, LETM was seen in 12.50 % (2) papsmts and foal spinal cord

lesions in 6.25 % (1) cases. Among MOGAD & NMOSBg most common type of

spinal cord involvement was LETM in 3 (42.86 %) tfapants and foal spinal cord

lesions in 1(14.29 %) participant each. (Tabl&lEigure 17).
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Results

Figure 17: Comparison of diagnosis groupswith Type of spinal cord involvement
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Results

Table 16: Comparison of diagnosis groupswith Spinal cord segment involved

Spinal cord | ADE % MO % NM % Total| % Chi- p-value
segment M GA OSD square
involved D
Cervical 3 18.75 2 28.57 4 57.14 g 30.p0 3.4270 8@m1
Thoracic 2 12.50 3 42.86 3 42.86 & 26.67 3.5190 72m1
Lumbar 1 6.25 4 57.14 1 14.29 6 20.00 8.0690 0.9180
Conus 1 6.25 2 28.57 1 14.29 4 13.33 2.10Y0  0.3490
medullaris

*p<0.05

Among the study population, cervical (30.00 %) apicord involvement was more

common followed by thoracic (26.67%) & lumbar (2%6) spinal cord and least

involved was conus medullaris (13.33%).

Cervical (18.75 %) spinal cord involvement was mamnmon in ADEM than

thoracic (12.50%), lumbar (6.25 %) and conus medisll(6.25 %) involvement.
Among MOGAD cases, majority showed lumbar spinabdcgovolvement (57.14%)
which showed statistical significance (p value=18@. MOGAD also showed
thoracic (42.86%), conus medullaris (28.57 %) &vieml (28.57 %) spinal cord
involvement. Majority of the NMOSD showed involvent of cervical spinal cord
(57.14 %) followed by thoracic (42.86%), lumbar .@96) and conus medullaris in

(14.29%) involvement. (Table 16 & Figure 18).
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Results

Figure 18: Comparison of diagnosis groupswith Spinal cord segment involved
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Table 17: Comparison of diagnosis groups with status of Follow up MRI

Follow up MRI ADEM| % NMOSD| % MOGAD | % Total| %

Complete resolution 8 50.00 1 14.29 2 28.57 11 36.67
Minor residuals 1 6.25 3 42.86 1 14.29 5 16)67
Moderate residuals 0 0.00 0 0.00 1 1429 1 3433
No follow up scan 7 43.75 3 42.86 3 42.86 13 4333
Total 16 100.00 7 100.00 7 100.00; 30 | 100.00

Chi-square=9.0910, p=0.1690
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Results

Among the study population on follow up scan, migjohad complete resolution
(36.67%) and minor residuals were seen in 16.67&onmaoderate residuals in 3.33%

of cases. No follow up scan was done for 13 (43)33a#ticipants.

Among ADEM on follow up scan complete resolutionsvezen in 50.00 % cases with
minor residuals in 6.25% and no follow up scan wese for 43.75% participants.
Among MOGAD on follow up scan, complete resolutivas seen in 28.57 % cases
but minor & moderate residuals were seen in 14.28%es each (1) and no follow up
scan was done for 3 (42.86 %) participants. AmM&NMOSD on follow up scan 42.86
% (3) cases showed minor residuals and14.29% @yesth complete resolution. No

follow up scan was done for in 3 (42.86 %) partits. (Table 17 & Figure 19).

Figure 19: Comparison of diagnosis groups with status of Follow up MRI
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Discussion

DISCUSSION

The present hospital based cross sectional studydaae on 30 subjects aged
between 1 and 18 years with clinical features ssiige of acute demyelinating
disorder, attending the radiodiagnosis departmerat iertiary care institute. MRI of

the brain, optic nerves and spinal cord were doitie 3v0 tesla MRI scanner.

The present study is one of the pioneer studiebdm, focussing on the
paediatric age group, comparing the clinical andaging features of different

acquired demyelinating disorders encountered ildlebod.

Classification of acquired demyelinating disorders

The acquired demyelinating disorders encounterethglichildhood include
acute disseminated encephalomyelitis (ADEM), newsalitis optica spectrum
disorder (NMOSD), multiple sclerosis (MS), clinialsolated syndrome (CIS) and
the more recently discovered anti-myelin oligodecgte glycoprotein (anti-MOG)—

associated encephalomyeltis.

In this study all pediatric patients with clinicedatures suggestive of acute
demyelinating disorder who underwent MRI brain apthe imaging were included.
All MOG antibody positive cases were consideredVi3GAD. All NMO antibody
positive cases and other cases fulfilling the neagmbstic criteria of NMOSD
(2015¥* was considered as NMOSD. All demyelinating casgsnegative for NMO
or MOG antibodies and presenting with polyfocal idef in the presence of

encephalopathy and was considered as ADEM.
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Discussion

In this study of 30 cases of paediatric acquireshydinating disorders, the
most common diagnosis was ADEM in 16 (53.33%) cdskswed by MOGAD &

NMOSD, which accounted for 7 (23.33%) cases each.

Similarly in a study by Salma Zouari mallotilshowed that the most common
acquired demyelinating disorder in the paediatge group was ADEM (36%),

followed by CIS (24%), MS (19%), NMOSD (7%) and M0 (2%).

Agedistribution

In the present study, children between 1 to 18s/eare included. The peak
incidence of the paediatric acquired demyelinatirgprders was seen between 7-12

years (43.33%) and the mean age was 8.7 + 5.01years

Similarly in a study by Vykuntaraju K the mean age of ADD presentation

was 7.8 years (ranges from 9 months—17 years).

Gender distribution

In this study mild female predominance was noteith @ifemale: male ratio of
1.3: 1. Among 30 cases, 17 (56.67%) patients warales and 13 (43.33%) patients

were males.

Similarly in a study by Santa IgnéZ,Lmild female predominance was noted

as 12 (55%) out of 22 ADD cases were females.
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Clinical features

The most common clinical presentation in the presamy was fever in 18
(60%) patients, followed by encephalopathy and heate in 13 (43.33%) patients
each. Other common symptoms were seizure in 167%6), limb weakness in 10

(33.33%), cerebellar symptoms in 9 (30.00%) pasient

Similarly in a study by Vykuntaraju K the most common presenting features
of acute demyelinating disorders was fever (53.18dwed by limb weakness &
bowel and bladder complaints (43.75%), encephahyp@7.50 %), seizure (28.12%)

and visual disturbances (21.87 %).

ADEM

In this study of 30 cases of paediatric acquirechydinating disorders,
majority of the cases (53.33%) were ADEM. The mege of presentation in the
ADEM group was 6.88 + 4.05 years, ranges from 1r yeal3 years. Similar age
distribution was noted in a previous study by Vylaraju K* where the mean age of
presentation was 5.5 years (ranges from 9 monthgeds). The study showed equal

distribution of males and females, with a male: d&mratio of 1:1.

In ADEM group the most common clinical presentatisas fever (75.00%)
followed by encephalopathy (56.25%) and head adBer$%). Similarly in a study
by Vykuntaraju K# the commonest symptom was fever (80%), encephtppa
(53.3%) and seizure (40%). Encephalopathy whianis of the important criteria for
the diagnoses ADEM, was found in 56.25 % patiemtthis study. This is similar to
study conducted by Vykuntaraju kwhere 53 % patients had encephalopathy. None

of the ADEM cases had area postrema syndrome.
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MRI brain showed demyelination in the form of T2RLAIR hyperintensities in the
supratentorial and infratentorial brain parenchyA2EM showed lesions in bilateral
cerebral hemispheres in an asymmetric distributBupratentorial brain involvement
was 4 times as compared to infratentorial brairoiwement. Majority of the cases
showed large lesions (68.75%) with size >2 cm. Mest common location involved
was deep white matter (68.75%) followed by juxtatical white matter (50%),
thalamus (50%), basal ganglia (50%), brain stem7&®), cerebellum (37.5%),
periventricular white matter (37.5%) and corticedygmatter (31.25%) cases. None of
the ADEM cases showed peri aqueductal grey mattarea postrema involvement.
This was similar to the observations in a studyAtpert et.af® in 2009 where most
common site of brain lesions were deep white m#6@%o), cerebellum (50%), basal
ganglia (43%), brain stem (41%), juxta cortical t®himatter (21%) and

periventricular white matter (18%).

Only 2 (12.5%) cases of the ADEM group showed opgcve involvement
which was anterior in both cases, however one piasieowed unilateral involvement
while the other one showed bilateral involvemenrACEM cases showed spinal cord
involvement which was LETM in 2 (12.5%) patientsldacal lesion was seen in one
patient. All the 3 (18.7%) cases showed cervicahadpcord involvement, whereas
thoracic involvement was seen in 2 (12.5%) caseslambar and conus medullaris
involvement was seen in 1 (6.2%) case each. Siwilan a study by
Matthias Baumann et| the most common site spinal cord involvement imathe
cervical (73%) region, followed by thoracic (54%umbar (35%) and conus

medullaris (27%).
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On follow up MRI, majority of the ADEM cases showedmplete resolution
(50%) and in 1 case, minor residuals were seenehemfollow up MRI was not done

in 43.3 % of the cases.

MOGAD

In our study of 30 cases of paediatric demyelirptiisorders, 7 (23.33%)
cases had the diagnosis of MOGAD. The mean ageeseptation in the MOGAD
group was 10 + 4.0 years, ranging from 3 years3oyéars and showed female

predominance with a female: male ratio of 1.33: 1.

In MOGAD the most common presenting feature wasblinveakness
(57.14%) followed by fever, seizure, visual distmbe, cerebellar symptoms,
headache. Area postrema syndrome was seen in 29¢hj.case. In a study by
M Baumann et-dP the most common clinical presentation among MOGbady
positive MOGAD was altered consciousness (89.5%pve@d by limb weakness
(52.6%), cerebellar (52.6%) signs and optic neu(iti5.8%), however in our study,

altered sensorium was seen in only 2 (28.57%) cases

On MRI Brain study, MOGAD group showed equal dizttion of deep white
matter, thalamus and brain stem lesions in 57.14)%participants each, followed by
basal ganglia, cerebellar and corpus callosal hssiQortical grey matter and juxta
cortical white matter lesions were seen in 28.5% 48.2% cases respectively.
Although periaqueductal grey matter and area postréesions are specific for
NMOSD cases, in our study one MOGAD case (14.29k@wed these lesions.
Similarly in a study by Sara Salama €€ar% of the MOG antibody disease showed

area postrema involvement and 57% cases showeadatfuixta cortical involvement.
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In our study MOGAD cases showed supratentorialridigtion of the lesions more
than infratentorial lesions in the ratio of 1.9:MOGAD cases showed more number
of large lesions (57.14%) as compared to smallotesi(42.8%). Optic nerve
involvement was seen in 2 (28.5%) cases of MOGALxkwkhowed involvement of
the anterior segment in both cases, however onaihiéateral involvement while the
other showed bilateral involvement. 4 (57.15%) safedMOGAD showed spinal cord
involvement, among which 3 cases had LETM and & sé®wed focal spinal cord
lesion. All of them showed involvement of the lumisginal cord with a statistically
significant p value (0.0180), thoracic involvemevds seen in 3 (42.8%) cases and
conus medullaris and cervical spinal cord involvetngas seen in 2 (28.5%) cases

each.

4 (57.15 %) out of the 7 MOGAD cases had followMRI, which showed

minor residuals in 3 cases (42.8%) and completutsn in 1 case (14.29%).

NMOSD

In our study of 30 cases of paediatric demyelirptiisorders, 7 (23.33%)
cases had the diagnosis of NMOSD. The mean ageeseptation in the NMOSD
group was 11.57 + 6.63 years, ranging from 1 yeat& years and showed female
predominance with a female: male ratio of 2.5: imifrly in a study by E. Bulut!
the mean age of presentation in the NMOSD groupMied + 5.6 years and showed

female predominance with a female: male ratio 8f 2.

In NMOSD cases, the commonest presenting complaag fever, visual

disturbance, limb weakness, area postrema syndemiénead ache for 3 (42.86%)
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cases each followed by seizure, encephalopathy canebellar symptoms in 2
(28.57%) cases each. For area postrema syndrorakeig was statistically significant

with NMOSD as compared to ADEM & MOGAD cases.

On MRI Brain NMOSD group showed equal distributafrdeep white matter,
brain stem and periventricular white matter lesion§7.14 % (4) participants each,
followed by periaqueductal grey matter, area postrethalamus, basal ganglia and
cerebellar lesions. Periaqueductal grey matter amed postrema lesions which are
specific for NMOSD cases was seen in 42.8% casearistudy. Cortical grey matter
and juxta cortical white matter lesions were netrsen NMOSD cases. Similarly in a
study by Sara Salama et*al50% of the NMOSD cases showed area postrema

involvement and none of the cases showed cortisd#/jcortical involvement.

In our study NMOSD cases showed equal distributddnlesions in the
supratentorial and infratentorial brain parenchymathe ratio of 1.07: 1 cases
respectively. NMOSD cases showed more number ofll desons (71.43 %) as
compared to small lesions (28.57 %). Optic nerwelvement was seen in 3 (42.8 %)
cases of NMOSD which showed bilateral involvementll the 3 cases. Posterior
segment involvement was more common as it was seeh (28.57%) cases as
compared to anterior involvemeint 1 case (14.29%). 4 (57.15%) cases of NMOSD
showed spinal cord involvement, among which 3 caselsLETM and 1 case showed
focal spinal cord lesion. Most of the cases showeglical and thoracic involvement,
57.15 % and 42.8% cases respectively. Lumbar andscanedullaris involvement
was seen only in 1 (14.29%) case each. Similarlg study by M. Baumaa#h the
most common site of involvement was cervical spioald followed by thoracic,

lumbar and conus medullaris.
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4 (57.15 %) out of the 7 cases of NMOSD had follggwMRI which showed,
which showed complete resolution in 2 cases (28)5#¥imor residuals and moderate

residuals in 1 (14.28%) case each.
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Conclusion

CONCLUSION

The present hospital based cross sectiona study was conducted in the
department of radiodiagnosis, KLES Dr. Prabhakar Kore Hospital Belagavi, aimed to

study the role of MRI in pediatric demyelinating disorders.

Magnetic resonance imaging scan of brain and spina cord was performed in 30

patients with suspected pediatric acquired demyelinating disorders.

*  Themaority (43.33%) were aged between 7 to 12 years.

* Mild female predominance was noted with afemale: maleratio of 1.3: 1.

* The most common diagnosis was ADEM in16 (53.33%) cases followed by
equal distribution of MOGAD & NMOSD.

e ADEM cases showed lesions in bhilateral cerebral hemispheres with
predominant supratentorial brain involvement and mgjority of the cases had
large lesions.

* In MOGAD cases, brain parenchyma showed predominantly large lesions in
supratentorial distribution. Spinal cord lesion was predominantly LETM with
statistically significant involvement of the lumbar spinal cord.

* In NMOSD cases, statistically significant association was seen with area
postrema syndrome and periagueductal grey matter & area postrema lesions
on MRI brain. Spina cord lesions in NMOSD were predominantly LETM

with involvement of the cervical and thoracic spinal cord.
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Summary

SUMMARY

The acquired demyelinating disorder (ADD) is ch&edzed by the
destruction or damage of normally myelinated stmeg of the central nervous
system (CNS) which are immunologically mediated. qéiced demyelinating
disorders encountered during childhood includeedigseminated encephalomyelitis
(ADEM), neuromyelitis optica spectrum disorder (NE®D), multiple sclerosis (MS),
Clinically isolated syndrome (CIS) and the moreergly discovered anti-myelin
oligodendrocyte glycoprotein (anti-MOG)—-associatttephalomyelitis. The recent
discovery of some key MRI imaging features whictm dae explained by the
pathophysiological basis of these different ertitieelps in identifying magnetic
resonance imaging predictors of a particular demgihg diagnosis. Hence the

present study is to asses the role of MRI in pedidemyelinating disorders.

The present hospital based cross sectional studycaraducted on 30 subjects
aged between 1 to 18 years suspected of acute Heatye disorder, presented to
the department of radiodiagnosis, KLES Dr. Prabh#lae Hospital Belagavi. MRI

Brain and spinal cord was done.

The majority were aged between 7 to 12 years andrityawere females with
a female: male ratio of 1.3: 1. Among 30 cases, ntwst common diagnosis was

ADEM (53.33%) followed by equal distribution of MG® & NMOSD.

ADEM cases showed equal distribution among male$ f@amales. Most
common clinical presentation was fever & encephatiop MRI Brain showed
lesions in bilateral cerebral hemispheres in anmasgtric distribution with

predominant supratentorial brain involvement andonitgt showed large lesions.
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None of the ADEM cases showed peri agueductal gnegter or area postrema
involvement. Spinal cord involvement in ADEM wagegominantly LETM with
majority showing cervical spinal cord involveme@mn follow up MRI, majority of

the cases showed complete resolution.

23.33% cases had the diagnosis of MOGAD which sdoaeslight female
predominance with a male: female ratio of 1.33The most common presenting
feature was limb weakness, fever and seizures. @hBviain MOGAD cases showed
predominant supratentorial distribution of lesiom$éh majority of large lesions as
compared to small lesions. MOGAD group showed nigjaf deep white matter,
thalamus and brain stem lesions. Optic nerve irarakent was seen in the anterior
segment and spinal cord lesions was predominaryML with majority of cases
showing involvement of the lumbar spinal cord. @hoiv up MRI majority showed

minor residuals.

NMOSD cases accounted 23.33% of the subjects amivezh female
predominance with a female: male ratio of 2.3: he Tcommonest presenting
complaint was fever, visual disturbance, area pasdrsyndrome and limb weakness.
MRI brain showed predominantly small lesions in NSID with majority of deep
white matter, brain stem, periventricular white tegtperiaqueductal grey matter and
area postrema lesions. Cortical grey matter andajwortical white matter
involvement were not seen in NMOSD cases. Optizeménvolvement was more
common in the posterior segment and spinal colidrissvere predominantly LETM

with involvement of the cervical and thoracic spicard.
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ANNEXURE-I-INFORMED CONSENT

WRITTEN INFORMED CONSENT

TITLE OF THE STUDY: “ROLE OF MRI IN PEDIATRIC

DEMYELINATING DISORDERS- ONE YEAR HOSPITAL BASED CR OSS

SECTIONAL STUDY”

INVESTIGATOR: REG NO: BS0120009

GUIDE: DR.

CO-GUIDE: DR.

INTRODUCTION AND PURPOSE: The purpose of this study is to determine the
clinical profile and imaging features of the ped@acquired demyelinating disorders
of the CNS and to differentiate the imaging feasuoé different subtypes of acute
demyelinating disorders. Magnetic resonance imagirayides some key imaging

features of pediatric demyelinating disorders.

Demyelinating diseases are challenging to diffea¢eit from each other,
especially because the various disorders can pgresigm nonspecific radiologic
findings and overlapping CNS features. ldentifyingagnetic resonance imaging
predictors of a particular demyelinating diagnasithe pediatric population can have

broad implications on treatment.

PROCEDURE: | request you to kindly allow your child to parpete in the
study titled “ROLE OF MRI IN PEDIATRIC DEMYELINATING
DISORDERS- ONE YEAR HOSPITAL BASED CROSS SECTIONAL STUDY”

at Dr. Prabhakar Kore Hospital and Medical Resedaelntre, Belagavi, being
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conducted byREG NO: BS0120009, Post graduate in Radio diagnosis at J.N.
Medical College, Belagavi, Karnataka, under the dgoce of

Dr. , Dept. of Radio-diagnosis, J. N. Medical College,

Belagavi and co-guidance oDr. , Dept. of Pediatrics, J. N.

Medical College, Belagavi.

We request your child to participate in this studyyou are eligible to be
included. The purpose of the study will be explainend written informed
consent will be obtained from you prior to part@in. During the study, you
will be asked questions regarding your child’s prgsand past medical history
and you will be required to answer to the best ofiryknowledge. Your child
will also be clinically examined as per the protbdoawn. As part of the study
your child will be subjected to MRI scan of the iorand spinal cord. Remove
any metal objects including jewellery and eye géassgrior to the scan. The
technologist will explain the steps involved in tbean in detail. Your child will
then be asked to lie flat on your back on the M&dlé. The technologist will
convey further instructions in your desired langeiagver the intercom. Your

child will be asked to lie very still till the scas over.

If you agree to participate in the study, pleasenith the details

pertaining to the study.

BENEFITS:

* No use of surgical equipment /risk associated \tith
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COMPLICATIONS:

* No risk to the patient has been documented from Midging of brain

and spinal cord conducted earlier.

ALTERNATIVES: If you are not willing to take part in the studypur
treatment or any other further investigations tretignt wants to undergo, in

future, in KLE hospital will not be affected by yodecision.

VOLUNTARY PARTICIPATION/WITHDRAWAL:  Taking part in this study
is voluntary. You may choose not to take part iis tstudy, or if you decide to
take part, you can later change my mind and witwdfeom the study. Your
decision will not change the present or future tiealre or other services that
your child receive. The study doctor or the sponsmay stop your child’s
participation in this study. You will tell if anymportant new findings that may
change my willingness to continue to take partydfi choose not to take part in
the study, you will receive the standard treatmfentpatients with your child’s

condition.

COSTS: NIL (The study is to be conducted on the particiganho are advised
MAGNETIC RESONANCE IMAGING as an investigation bye referring

consultant and the participants will bear the cleartpr it.)

Payment for Participation: No incentive will be paid to you for participatirig

this study.

COMPENSATION: In the event that you become injured as a resuliaking

part in this study, treatment whatever availableKaiE charitable hospital,
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Belagavi, will be offered to you. No reimbursemewpmpensation or free

medical care is given.

CONFIDENTIALITY: All information collected about you during the cearof

the study will be kept confidential to the extemrmitted by the law. The code

numbers will identify you in this research recotdformation from this study

may be published but your identity will be kept @idential in any publication/

presentation.

QUESTION: If you have any enquiries in the future or in casderesearch

related injury illness, you may contact followingrgons:

REG NO: BS0120009

Dr.

Dr. HARSHA HEGDE

Post-Graduate,

Department of
Radio-Diagnosis,
J.N. Medical
College,Belagavi.

Guide,

Professor,Department of
Radio-Diagnosis,
J.N. Medical College,
Belagavi.

Chairperson

JNMC, IEC & Scientist D
ICMR
National Institute Of
Traditional Medicine,
Belagavi
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PARENTAL CONSENT TO PARTICIPATE IN RESEARCH STUDY:

1. “I understand that my child is participating in teudy, which includes

MRI BRAIN AND SPINAL CORD”.

2. | confirm that | have read and understood the imfation in the patient
information sheet. Procedure is explained to medé&tail along with
information about the advantages and disadvantafiésking part in the
study. | have been given the opportunity to disalssispects of the trial,
to ask questions and hereby consent my child’si@pédtion in the trial

outlined above.

3. | understand that the decision to take part in wtisdy is completely
voluntary and | am aware that | can choose to waldfrom the study at

any point of time.

4. | consent to the photographing or recording of {r®cedure to be
performed including appropriate portions of my dhslbody, for medical,
scientific or educational purposes provided my aRilidentity is not

revealed in the pictures or by the descriptivegeadcompanying them.

5. | understand that there is no significant risk iwea in the test that

would be done in this study.

6. No guarantee or assurance has given by anyone the tesults that may

be obtained.

7. My signature on this form signifies that | have lmgly decided to

participate my child after understanding the abmfermation”.
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Participant’'s Name

Parent’s Name

Signature

Name and signature of witness

Name and signature of interviewer

Date:

Place
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VERBAL ASSENT FROM MINOR (7-12 years)

1. “l understand that | am participating in the studsich includes MRI

BRAIN AND SPINAL CORD".

2. | confirm that the information in the patient infoation sheet has
been read to me in the language known to me. Pworeeid explained
to me in detail along with information about thevadtages and
disadvantages of taking part in the study. | hawerb given the
opportunity to discuss all aspects of the trial,ask questions and

hereby consent to participation in the trial owlinabove.

3. | understand that the decision to take part in gtigly is completely
voluntary and | am aware that | can choose to wakdfrom the study

at any point of time.

4. | consent to the photographing or recording of grecedure to be
performed including appropriate portions of my bpdygr medical,
scientific or educational purposes provided my itdgns not revealed

in the pictures or by the descriptive texts acconypag them.

5. | understand that there is no significant risk iwea in the test that

would be done in this study.

6. No guarantee or assurance has given by anyone te tesults that

may be obtained.

7. My signature on this form signifies that | have lwigly decided to

participate after understanding the above inforordti
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Participant’'s Name

Signature/ left hand thumb impression

Name and signature of witness

Name and signature of interviewer

Date:

Place
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WRITTEN ASSENT FROM MINOR (13-18 years)

1. “l understand that | am participating in the studsich includes MRI

BRAIN AND SPINAL CORD".

2. | confirm that the information in the patient infoation sheet has
been read to me in the language known to me. Pwoeeid explained
to me in detail along with information about thevadtages and
disadvantages of taking part in the study. | hawerb given the
opportunity to discuss all aspects of the trial,ask questions and

hereby consent to participation in the trial owlinabove.

3. | understand that the decision to take part in gtigly is completely
voluntary and | am aware that | can choose to wakdfrom the study

at any point of time.

4. | consent to the photographing or recording of grecedure to be
performed including appropriate portions of my bpdygr medical,
scientific or educational purposes provided my tdgns not revealed

in the pictures or by the descriptive texts acconypag them.

5. | understand that there is no significant risk iwea in the test that

would be done in this study.

6. No guarantee or assurance has given by anyone te tesults that

may be obtained.

7. My signature on this form signifies that | have lwigly decided to

participate after understanding the above inforordti

Page 74



Annexures

Participant’'s Name

Signature/ left hand thumb impression

Name and signature of witness

Name and signature of interviewer

Date:

Place
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ANNEXURE-II-PROFORMA

KAHER

J. N. MEDICAL COLLEGE, BELAGAVI.

DEPARTMENT OF RADIODIAGNOSIS

TITLE: “ROLE OF MRI IN PEDIATRIC DEMYELINATING DISO  RDERS-

ONE YEAR HOSPITAL BASED CROSS SECTIONAL STUDY”

INVESTIGATOR: REG NO: BS0120009

GUIDE: DR.

CO-GUIDE: DR.

PROFORMA FOR DATA COLLECTION

Date of interview :

Name :

Age : Sex: M/F
OP/IP No

Mobile Number:

MRI Number:

Compalints :

1.Fever —
0 Duration:

2. Seizures :
0 Generalized —
o Focal -

o Generalized -

Page 76



Annexures

3. Altered sensorium —

4. Abnormal behavior :

(0]

(0]

(0]

(0]

Irritability —
Crying —
Hallucinations —

Others —

5. Speech abnormalities —

6. Vision:

(0]

(0]

(0]

(0]

Loss of vision
Blurred vision
Eye pain on movement

Loss of color vision

7. Others :

(0]

(0]

Hemiparesis —

Ataxia —

Autonomic dysfunction —
Vertigo

Headache

Sensory disturbances

Bowel and /or bladder dysfunction

8.Recurrent history-
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Examination :

1.GCS/ MMSE —
2.Speech —
3.Cranial nerves :

4. Motor

system examination:

Tone Right

Left

Upper limb

Lower limb

Power Right

Left

Upper limb

Lower limb

Deep tendon Reflexes hRig

fte

Biceps

Triceps

Supinator

Knee

Ankle

6.Coordination —

7.Signs of meningeal irritation —
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Investigations

Serum MOG antibody

Serum NMO antibody

MRI findings :

1.Brain

Distribution

T1

T2

FLAIR

Cortical grey matter

Juxtacortical white matter

Deep white matter

Periventricular white matter

Callosal

Deep grey matter

Thalamus

Basal ganglia

Brain stem

Cerebellar

0 Quality of lesion

* Large (>2 cm)

e Small(0.3-2cm)

+ Extensive confluent
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2.0rbits

Optic nerve T1

T2

FLAIR

Right

Left

* ON sheath thickening
» Edematous ON

» Posterior segment

* Anterior segment

3.Spinal cord

T1

T2

FLAIR

Cervical involvement

Thoracic involvement

Lumbar involvement

Conus involvement

« LETM

* Focal spinal lesion

DIAGNOSIS:
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ANNEXURE - lll - MRI IMAGES

IMAGE 1: ADEM 10 year old male patient- Axial FLAIR weighted inramage
showing hyperintensities along the periventricutleep white matter, cortical and

juxta cortical white matter

IMAGE 1: ADEM 6 year old female patient- Axial FLAIR weightedabr image

showing hyperintensities along the bilateral celabbemisphere and vermis
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 ——

IMAGE 3: MOGAD 12 year old male patient -Axial T2 weighted imapewing T2

hyperintensities noted involving the bilateral canm semiovale and

subcortical white matter

IMAGE 4: MOGAD 7 year old male patient -Sagittal FLAIR weightedib image
showing Hyperintensities along the corpus callospoms and

juxtacortical white matter
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IMAGE 5: NMOSD 17 year old male patient -Axial FLAIR weighted ioranage

showing hyperintensities along the area postrema

IMAGE 6: NMOSD 13 year old male patient -Sagittal FLAIR weighsgine image

showing hyperintensities along the cervical spauat
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IMAGE 7: NMOSD 10 year old male patient showing Sagittal FLAIRgied

spine image showing hyperintensities along theattiorspinal cord
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Clinical symptoms Physical examination
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1 15 M PRESENT ABSENT ABSENT | ABSENT PRESENT PRESEN[T PRESENT REBENT NORMAL Up to age 15 HYPERTONIA] NORMAL
2 13 M ABSENT PRESENT ABSENT | ABSENT  ABSENT ABSENT PRESENT ABST NORMAL Up to age 15 NORMAL NORMAL
3 8 M ABSENT PRESENT ABSENT | ABSENT PRESENT ABSENT] ABSENT ABSE NORMAL Up to age 15 NORMAL NORMAL
4 12 F PRESENT ABSENT PRESENT| PRESENT PRESENT ABSENT ABSENT BSENT NORMAL Up to age 14 HYPERTONIA| REDUCHD
5 8 F PRESENT| PRESENT ABSENT| PRESENT ABSENT ABSENT ABSENT BENT NORMAL Up to age 15 NORMAL NORMAL
6 11 F ABSENT ABSENT PRESENT| ABSEN[ PRESENT ABSENT ABSENT ABST NORMAL Up to age 15 HYPOTONIA | REDUCED
7 3 F ABSENT ABSENT ABSENT | PRESENT ABSENT ABSENT PRESENT PRRS NORMAL Notuptoage 15 NORMAL NORMAL
8 14 F PRESENT ABSENT ABSENT | PRESENT ABSENT ABSENT ABSENT ABST NORMAL Up to age 15 NORMAL NORMAL
9 18 F ABSENT ABSENT PRESENT| ABSEN[  ABSENT PRESENT PRESENT  EBENT NORMAL Up to age 13 NORMAL NORMAL
10 1 F ABSENT ABSENT ABSENT | PRESENT ABSENT ABSENT ABSENT ABSE NORMAL Up to age 15 NORMAL NORMAL
11 18 F PRESENT ABSENT ABSENT | PRESENT PRESENT ABSEN[T ABSEN[T BSENT NORMAL Up to age 15 NORMAL NORMAL
12 8 M ABSENT PRESENT ABSENT | ABSENT PRESENT ABSENT| ABSENT ABST NORMAL Up to age 15 HYPOTONIA | REDUCED
13 16 F PRESENT| PRESENT PRESENT ABSEINT  ABSENT PRESENT PREHSEN PRESENT NORMAL Up to age 15 NORMAL NORMAL
14 6 M ABSENT ABSENT ABSENT | ABSENT, PRESENT PRESENT ABSENT PFENT NORMAL Notup toagé 15 NORMAL NORMAIL
15 3 M PRESENT| PRESENT PRESENT ABSENT  ABSENT ABSENT ABSENT SENT NORMAL Up to age 13 NORMAL NORMAL
16 8 F PRESENT ABSENT PRESENT| ABSENT  ABSENT] ABSENT ABSENT FENT NORMAL Up to age 15 NORMAL NORMAL
17 11 M PRESENT ABSENT PRESENT| ABSENT  ABSENT ABSENT PRESENT RBESENT NORMAL Up to age 13 NORMAL NORMAL
18 1 M PRESENT| PRESENT PRESENT ABSENT  ABSENT ABSENT ABSENT SEBNT | NICU admissiop  Up to age 15 NORMAL NORMAL
19 13 F ABSENT PRESENT] PRESENT  ABSENT  ABSENT ABSENT ABSENT BHIENT NORMAL Up to age 12 NORMAL NORMAL
20 3 M PRESENT| PRESENT PRESENT ABSENT PRESENT ABSENT ABSENT BSENT NORMAL Up to age 15 HYPERTONIA| REDUCHD
21 12 F PRESENT| PRESENT ABSENT| ABSENT  ABSENT ABSENT ABSENT SENT NORMAL Up to age 15 NORMAL NORMAL
22 8 M PRESENT ABSENT ABSENT | ABSENT  ABSENT ABSENT ABSENT PREST NORMAL Notuptoage 15 NORMAL NORMAL
23 9 F ABSENT ABSENT ABSENT | ABSENT  ABSENT ABSENT ABSENT PRESE NORMAL Up to age 15 NORMAL NORMAL
24 M ABSENT ABSENT ABSENT | ABSENT PRESENT ABSENT ABSENT ABSIE NORMAL Not up to age 15 HYPERTONIA| REDUCED
25 11 M PRESENT ABSENT ABSENT | PRESENT ABSENT] ABSENT ABSENT B3BNT NORMAL Up to age 15 NORMAL NORMAL
26 10 F PRESENT ABSENT PRESENT  ABSENT PRESENT ABSENT[T PRESENT ABSENT | NICU admission  Up to age 13 HYPERTONIA REDUCED
27 1 F PRESENT ABSENT PRESENT| ABSENT  ABSENT] ABSENT PRESENT  EBENT NORMAL Up to age 14 NORMAL NORMAL
28 3 M PRESENT ABSENT PRESENT| ABSENT  ABSENT] ABSENT| ABSENT PFENT NORMAL Up to age 13 NORMAL NORMAL
29 8 F PRESENT ABSENT ABSENT | ABSENT  ABSENT ABSENT PRESENT ABST NORMAL Up to age 15 NORMAL NORMAL
30 3 F ABSENT PRESENT ABSENT | PRESENT ABSENT ABSENT ABSENT ABST NORMAL Notuptoage 15 NORMAL NORMAL




Antibody . MRI %rain findings (T2 and FLAIR hyperintensity)
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POSITIVE | NEGATIVE| PRESENT PRESENT PRESENT PRESENT PRESENT PRESENT PRESENT PRESENT] PRESEN[T PRESENT PRESHNT PRESENT SENB
POSITIVE | NEGATIVE| ABSENT| PRESENT PRESENT] PRESENT ABSENT BSENT PRESENT PRESENT PRESENT ABSENT PRESENT PRESHNT  ABSHN
POSITIVE | NEGATIVE| ABSENT| ABSENT PRESENT ABSENT ABSENT ABSH ABSENT ABSENT PRESENT ABSENT ABSENT ABSENT| PRESENT
POSITIVE | NEGATIVE| ABSENT| ABSENT ABSENT ABSENT ABSENT ABSEN PRESENT ABSENT PRESENT ABSENT ABSENT ABSENT PRESENT
POSITIVE | NEGATIVE| PRESENT PRESENT PRESENT ABSENTT ABSENT ABNT ABSENT PRESENT ABSENT ABSENT ABSENT ABSENT PRESENT
POSITIVE | NEGATIVE| ABSENT| ABSENT ABSENT ABSENT ABSENT ABSEN ABSENT ABSENT ABSENT ABSENT ABSENT ABSENT ABSENT
POSITIVE | NEGATIVE| ABSENT| ABSENT ABSENT ABSENT ABSENT PRESH PRESENT ABSENT ABSENT ABSENT PRESENT PRESENT  ABSENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT ABSENT ABSENT ABSENT ABSEN ABSENT ABSENT ABSENT ABSENT ABSENT ABSENT ABSENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT PRESENT PRESENT PRESENT] PEENT ABSENT ABSENT PRESENT PRESENT  PRESENT ABSENT  PRESHENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT ABSENT ABSENT ABSENT ABSEN PRESENT PRESENT ABSENT ABSENT ABSENT ABSENT PRESENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT ABSENT ABSENT ABSENT ABSEN PRESENT ABSENT PRESENT ABSENT ABSENT ABSENT PRESENT
NEGATIVE|NEGATIVE| ABSENT| ABSENT PRESENT PRESENT ABSENT AESIT PRESENT PRESENT ABSENT ABSENT] ABSENT PRESENT  ABSENT
NEGATIVE| POSITIVE | ABSENT| ABSENT PRESENT PRESENT PRESENT ABNT ABSENT ABSENT PRESENT PRESENT  PRESENT ABSEN[T  PRESHENT
NEGATIVE| POSITIVE | ABSENT| ABSENT PRESENT PRESENT PRESENT BSENT ABSENT PRESENT PRESENT PRESENT PRESENT PRESENT  ABSHEN
NEGATIVE|NEGATIVE| ABSENT | ABSENT PRESENT ABSENT ABSENT ABSNET PRESENT PRESENT ABSENT ABSENT ABSENT PRESENT  ABSENT
NEGATIVE|NEGATIVE| ABSENT| PRESENT ABSENT PRESENT ABSENT AESIT PRESENT ABSENT PRESENT ABSENT] PRESENT PRESENT  ABSENT
NEGATIVE|NEGATIVE| ABSENT | PRESENT PRESENT PRESEN[T ABSENT PEENT ABSENT PRESENT PRESENT ABSENT PRESENT PRESENT  ABSENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT ABSENT ABSENT ABSENT ABSEN PRESENT PRESENT ABSENT ABSENT ABSENT ABSENT PRESENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT PRESENT PRESENT ABSENT PBENT ABSENT ABSENT ABSENT ABSENT ABSENT PRESENT  ABSENT
NEGATIVE|NEGATIVE | PRESENT PRESENT PRESENT] ABSENT ABSENT BBNT PRESENT PRESENT PRESENT ABSENT ABSENT[T PRESENT  ABSENT
NEGATIVE|NEGATIVE| PRESENT ABSENT PRESENT PRESEN|T ABSENT SBNT ABSENT ABSENT ABSENT ABSENT ABSENT PRESENT  ABSENT
NEGATIVE|NEGATIVE| ABSENT| PRESENT PRESENT PRESEN|T ABSENT BBNT ABSENT ABSENT ABSENT ABSENT ABSENT PRESENT  ABSENT
NEGATIVE|NEGATIVE| ABSENT | PRESENT PRESENT ABSENT] ABSENT AESIT ABSENT ABSENT ABSENT ABSENT ABSENT PRESENT ABSENT
NEGATIVE|NEGATIVE | PRESENT PRESENT PRESENT] ABSENT ABSENT BBNT PRESENT PRESENT ABSENT ABSENT ABSENT ABSENT  PRESENT
NEGATIVE|NEGATIVE| PRESENT PRESENT PRESENT] ABSENT ABSENT SBNT ABSENT ABSENT ABSENT ABSENT ABSENT ABSENT| PRESEN[T
NEGATIVE|NEGATIVE| ABSENT | ABSENT ABSENT ABSENT ABSENT PRESYT PRESENT PRESENT PRESENT| ABSENT PRESENT PRESENT  ABSENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT PRESENT ABSENT ABSENT ABSNET PRESENT PRESENT PRESENT| ABSENT PRESENT PRESENT  ABSENT
NEGATIVE|NEGATIVE | PRESENT PRESENT ABSENT ABSENT] ABSENT AESIT ABSENT ABSENT PRESENT ABSENT PRESENT PRESENT  ABSENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT ABSENT ABSENT ABSENT ABSEN PRESENT PRESENT PRESENT| ABSENT PRESENT ABSENT  PRESHENT
NEGATIVE|NEGATIVE| ABSENT | ABSENT PRESENT PRESENT ABSENT AESIT ABSENT ABSENT ABSENT ABSENT ABSENT ABSENT | PRESENT




Orbit e of spinal cord involv Spinal cord segment involved
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ABSENT ABSENT | ABSENT| ABSENT| PRESEN[T ABSEN[ PRESENT PRESENT PRESENT PRESENT MOGAD MINOR RESIDUALS
ABSENT ABSENT | ABSENT| ABSENT| PRESEN[T ABSEN[ PRESENT PRESENT ABSENT ABSENT MOGAD MODERATE RESIDUALS
ABSENT ABSENT | ABSENT| ABSENT| ABSENT PRESENT ABSENT ABSENT EBENT ABSENT MOGAD NO FOLLOW UP SCAN
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT PREENT PRESENT MOGAD NO FOLLOW UP SCAN
PRESENT | ABSENT | PRESENT ABSENT ABSENT ABSENT ABSENT ABSENT BBENT ABSENT MOGAD COMPLETE RESOLUTION
ABSENT ABSENT | ABSENT| ABSENT| PRESEN[T ABSEN[ ABSENT PRESENT RIPSENT ABSENT MOGAD NO FOLLOW UP SCAN
ABSENT | PRESENT| PRESENT ABSENT ABSENT ABSENT ABSENT ABSENT BBENT ABSENT MOGAD COMPLETE RESOLUTION
ABSENT | PRESENT| ABSENT PRESEN[T PRESENT ABSENT PRESENT PREB ABSENT ABSENT NMOSD NO FOLLOW UP SCAN
ABSENT ABSENT | ABSENT| ABSENT| PRESEN[T ABSEN[ PRESENT PRESENT PRESENT PRESENT NMOSD MINOR RESIDUALS
ABSENT | PRESENT| ABSENT PRESEN[T ABSENT ABSENT ABSENT ABSENT| ABSENT ABSENT NMOSD COMPLETE RESOLUTION
ABSENT | PRESENT| PRESENT ABSENT ABSENT ABSENT ABSENT ABSENT BBENT ABSENT NMOSD NO FOLLOW UP SCAN
ABSENT ABSENT | ABSENT| ABSENT| ABSENT PRESENT PRESENT ABSENT BBENT ABSENT NMOSD NO FOLLOW UP SCAN
ABSENT ABSENT | ABSENT| ABSENT| PRESEN[T ABSEN[ PRESENT PRESENT ABSENT ABSENT NMOSD MINOR RESIDUALS
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABSNT ABSENT NMOSD MINOR RESIDUALS
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABNT ABSENT ADEM COMPLETE RESOLUTION
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABSNT ABSENT ADEM NO FOLLOW UP SCAN
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABNT ABSENT ADEM NO FOLLOW UP SCAN
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABESNT ABSENT ADEM COMPLETE RESOLUTION
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABNT ABSENT ADEM NO FOLLOW UP SCAN
ABSENT ABSENT | ABSENT| ABSENT| ABSENT PRESENT PRESENT ABSENT BBENT ABSENT ADEM COMPLETE RESOLUTION
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABNT ABSENT ADEM COMPLETE RESOLUTION
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABSNT ABSENT ADEM NO FOLLOW UP SCAN
ABSENT ABSENT | ABSENT| ABSENT| ABSENT| ABSENT ABSENT ABSENT ABNT ABSENT ADEM COMPLETE RESOLUTION
ABSENT ABSENT | ABSENT| ABSENT| PRESEN[T ABSEN[ PRESENT PRESENT PRESENT PRESENT ADEM NO FOLLOW UP SCAN
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