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Definition

* Multiple sclerosis (MS) is an inflammatory
demyelinating disease that affects the CNS by
causing focal lesions in white and grey matter
and diffuse and unevenly distributed changes in
normal-appearing tissue

Massimo Filippi
Lancet Neurol 2012; 11: 349-60

Aetiology

Table 3.1 Proposed etiologic factors in MS.

= Gene associations
. ~ HLA-DRB1*1501 {main susceptibility allele)
* Monozygotic - ILIRA, ILTR
. — TNFRSFIA (TNF receptor superfumily member 1A)
twins 30% ~ CDS8, CD6, CD40, CD226
= TYK2 (Tyrosine kinase 2)
- IRF8
. . . CLECI6A (C type lectin domain family 16 member A)
* Dizygotic twins STAT3
- EVIS
5% ~ CYP2TBI
= IL12A, MPHOSPHY/CDK2API, RGS1
* Emwvironmental Factors
= Vitamin D deficiency (7 prenatal)

° 1St degree rels 3_5% ~ Epstein-Barr virus (EBV) infection (? early childhood/symptom-

atic mononucheosis; high antibody levels 1o EBV nuclear antigen)
— Tobacco smoking (particularly in context of high EBV antibodies)
* Immune system factors
CNS inflammation (both focal and diffuse)
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Clinically isolated syndrome

Lancet
Neurology

Pamel 1: Clinlcalty leolated syndrome features that ane
typhcal and atypical for multiple sclerosts

Optic neritis in one epe
Mild pain on eye movement

= Normal disc or mild disc swelling
5 3

Affarent pupll defect
Atypical fentures
+  Dptic neuritis In both ayes at the same time
+ Painless or very severe pain
No perception of light
Severe haemosrhages and exudates
Extendéd loss of vision
WVitritis and newonttinitis
Photophabia

Typical featines

+ Bilateral internuclear ophthalmoplegia
«  Ataxia and gaze-evoked nystagmus

Siith nesve palsy (in patients aged 20-40years)
Parcoysmal phencmina (occuning for at least 24 h)

iges (og, facial sensory log s

Atypical fentures

Complete external aphthalmoplegia

Vascular territory signs.

lsclated trigeminal neuraigia

Progressive trigerninal sensary neuropathy

Movement disorders

Fluctuating ocular os bulbar weakness, or both

[Continued fram previcus column)

- Incormplete transverse myelitis

+ Lhermitte's syndrome

- Sphincter symptoms

- Amymmetric limb weakness

- Deafferented hand

= Progression to nadir batween 4 hand 21 days*
rypical features

+ Complete transverse myelits

Compieta Brown-Séquard syndrome

Cauda equina syndrome:

Antesiar spinal artery tesritory lesion

Localised or radicular spinal pain

B Sl 2 <

ive sensory ataxia (from i of

posterion columns)

« Sharp lowel 16 all sansaey modalities

o Areflxia

Cerebral hemispheres

Tipical features

+  Hemiparesis

= Hemisensory distirbance

Atypical features

+ Encephalopathy

+ Epilopsy

= Comical blindness

o Ml 2 cobeagen.

Optic neuritis
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Brainstem syndrome

prvicn wormes, Hare] ey o
ameeqing o bk ghasa, wris. sac

S s
Internuclear ophthalmoplegia
(0D = right, OS = left)

Eyes turned to right. OD:
Abduction nystagmus; OS:
Adduction lesser mild
paresis

Eyes turned to left. OD:
Adduction paralysis; OS:
Abduction nystagmus

Convergence. Fully preserved
adduction; both eyes have full
medial movement

Myelitis

g4
révurogenie bladkler, with urinaey

wigency and dribbling Uhormitie's sign: sudden soration of electric shock

down spine and along ams when patient flexes nock

Spastic gaie. Patient

ing, T g
reods help walking fi Paraplogia, partial of complote,

i Patient in wheelchair

Loss of
wibration

Prssitive Babinski sign sense

Ankle clonus




Figure Window for treatment The “windowfor treatment” probably opens when patients first
present clinically with theirr condition and might be considered to close once it is clear that they
are in the progressive phase of iliness with waning inflalmmation...

RIS | CIS ; Relapsing-remitting , Transitional , Secondary progressive

First clinical attack

‘ Hime wlnd
VI

Disease parameter

|

Inflammation

Time (years)
Frandman M § Neurol Cin Pract 2011;1:66-63

*EIRICAN ACADEMY OF
NEUROLOGY.

D200 smedcn Acdemyor Neurckogy

Conversion to MS from CIS

* Normal MRI scan 20% conversion
e Abnormal MRI scan 80% conversion

* Barkhoff criteria
(juxtacortical, periventricular, infratentorial,
and spinal cord)

* Number of lesions
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Conversion to MS

* Positive oligoclonal bands
* Epstein Barr infection
*HLA-DRB1*1501

*Smoking

Diagnostic Criteria for Multiple Sclerosis:
2010 Revisions to the McDonald Criteria

Chris H. Polman, MD, PhD,' Stephen C. Reingold, PhD,? Brenda Banwell, MD,?
Michel Clanet, MD,* Jeffrey A. Cohen, MD,® Massimo Filippi, MD,® Kazuo Fujihara, MD,’
Eva Havrdova, MD, PhD,? Michael Hutchinson, MD,? Ludwig Kappos, MD,"®
Fred D. Lublin, MD,"" Xavier Montalban, MD,'? Paul O'Connor, MD,"*
Magnhild Sandberg-Wollheim, MD, PhD,"™ Alan J. Thompson, MDD,
Emmanuelle Waubant, MD, PhD,'® Brian Weinshenker, MD,"” and Jerry 5. Wolinsky, MD'®
New evidence and consensus has led to further revision of the McDonald Criteria for diagnosis of multiple sclerosis.
The use of imaging for demanstration of dissemination of central nervous system lesions in space and time has been
simplified, and in some circumstances dissemination in space md time can be established by a single scan. These
revisions simplify the Criteria, proserve their ivity and specificity, address their applicability across

populations, and may allow earkier diagnosis and more uniform and widespread use,
ANN NEURDL 2011:69:292-302

Dissemination in time

Dissemination in space
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2010 McDonald MRI Criteria for
Demonstration of Dissemination in Space

The new 2016 MAGNIMS MRI criteria establish disease
dissemination in space, by detecting involvement of at least
two of the five following areas of the CNS:

speriventricular: 23 lesions

«cortical-juxtacortical: 21 lesions

sinfratentorial: 21 lesions

spinal cord: 21 lesions

«optic nerve: 21 lesions

Dissemination in time

+ A newT2 lesion or gadolinium-enhancing lesion visible
on a follow-up scan when this is compared with a
previous scan (which is thought to be the baseline scan)
obtained at any time after the onset of clinically isolated
syndrome

+ A scan showing both gadolinium-enhancing and
non-enhancing lesions that do not cause clinical signs
(ie, asymptomatic lesions)

*If the clinically isolated syndrome affects a patient's brainstem or spinal cord, all
lesions within the symptomatic regions are excluded from the criteria.

Lancet
Neurology




Dissemination in time

RRMS

—

FPIVIS

o c—

1

SPIVIS

e ——

50% of RRMS 10-15 yrs

Views & Reviews

Defining the clinical course
of multiple sclerosis:

Results of an international survey

Fred I Lubdin, MD, and Stephen C. Keingold, PhiD, for the
Advisory Committee on Clinical Trials of New nts bn Multiple S

sonal Multiple Sclerosis Seciety (USA)
n Selemomin® v
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Symptoms

Tabje 6.7 Frequency of symptoms in 301 prevalent patients in South Glamorgan who were interviewed (%)

Symptom | Ever? At onset? At prevalence?
Weskness 269 (89) 66 (22} 241 {80}
Sensory symptoms 263 (87) 103 (34) 219 (73)
Ataxia 245 (82) 3z (1 218 72}
Bladder symptoms 2130710 310} 183 (62}
Fatigue 171 (57) S(2) 144 (48}
Crampi 156 (52) 206 133 (44)
Diplopia 155 (51) 25 (8) 7 (26}
Visual symptoms 148 (48) 3813 58 (33}
Bowel symptoms 126 (a4) o 112 {37}
Dysarthria 110 (37) 2 (0.6) 74 (25)
Vertigo 107 (36) 13{4.3) 57 (19}
Facial pain 106 (35) 5(2) 42 {14}
Poor memory 96 (32) 1{0.3) 8127}
Headache 30 (30) 6(2) 51 {17}
Mental symptoms 68 (23) 1{0.3) 49 {186}
Deafness 51017) 208 812}
Facial weakness 48 (16) 4(1) 15(5)
Dysphagia 40 (13} 11{0.3) 29 (10}
Sores 26 (12) 0 {0) {7
Blackout 320010 2(0.8) 12(4)
Ageusia 17 (6 11(0.3) 5(2)
Other 31 (10} 3 248

Kindly prepared by Dr Rabert Swingler.

Differential diagnosis-
demyelinating diseases

¢ 5.1 Classification of demyelinating disease

isolated demyelinating syndromes
A haemarrhagic leuasncaphalemyslith - Hurts dissacs
Aguite diseminated encephalomyelits
aptic meurits
Cord kesians
acute necrotiting myelith.
Srarverse myelith
cheenle peogreshe myslopatiy
radiation myelopathy
HTLY 1 amociated shy
manaphae isalsted damyslination - ute unpeciied
Muftiple scherosss
Relapsing-remitting
Stcondary progresii:
Primary progresshe
Benign
Maligrant or Marburg valant
Childhood

Sikent multiphe scherosts
e

Bals congenirk scleroils
M d peripty

Contral pantine myalisalysis

Perting

Extrapontine

Levtodystropives

Adrenoleucodyitrophy
olinked ehildnand adrensisucedyiraphy
elinked schult-ceriet ackenomyeloneuronopathy
autosomal recedsive neonatal adrencleucodystrophy
autosamal recessive Zellwegers pmdrome

Mitachramatic lutodyitrephy
late infanile
Javerine

ca1
multiple sulphatie deficency
Rrabbe's dheste
childhood onset
late crust
Canawars dieate
Alszarder’s divease
Pellzaeus-Merbacher disease
connatal form
Iate cenat
warishing white matter divease
Oeulodentodigital syndrome

ALASTAIR COMPSTON
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Table 8.2 Diseases causing multiple lesions sometimes with a
relapsing-remitting course

LAcute disseminated encephalomyelitis __J

acute haemorrhagic encephalomyelitis

Anti-phospholipid antibody syndrome

Behcet's disease
Central nervous system vasculitis ]
as part of a systemic vasculitis
isolated central nervous system vasculitis
systemic sclerosis
Susac syndrome
Noninflammatory vascular disorders
CADASIL |
2L IUUSIY
Chronic infections
Lyme disease
meningovascular syphilis
Human immunodeficiency virus (HIV) encephalitis
progressive multifocal leucoencephalopathy
subacute sclerosing panencephalitis
. - _

___Whipple's disease
Primary cerebral lymphoma
V1

Lancet
Neurology

Panel 3: Diagnostic criteria for acute disseminated
encephalomyelitis and neuromyelitis optica

Acute disseminated encephalomyelitis

+ An event of acute (or subacute) encephalopathy, which
can vary in severity, from irritability, behavioural, and
cognitive changes to coma

+ New symptoms can emerge over the course of 3 months
from onset, without remission of initial symptoms

+ The episode is characterised by clinical recovery (partial
or complete)

+ Brain MRI shows multiple lesions that are
predominantly in the white matter, are large, and have
the radiological features of acute lesions; grey matter
and spinal cord lesions and single, large, white matter
lesions are also possible

+ No history of a previous demyelinating event and
exclusion of other possible causes

28/07/2018
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Acute Disseminated
encephalomyelitis (ADEM)

Acute Disseminated
encephalomyelitis

28/07/2018
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Neuromyelitis optica

Lancet
Neurology

Neuromyelitis optica

Major criteria

« Optic neuritis (in one eye or both eyes)

« Acute myelitis

« Optic neuritis and acute myelitis can occur
simultaneously, or weeks or years apart

At least two of the following three supportive criteria

« Spinal cord lesion extending for at least three vertebral
segments on T2-weighted MRI scans (ie, longitudinally
extensive spinal cord lesion)

» Brain MRI scans do not fulfil criteria for multiple sclerosis

« Seropositivity for neuromyelitis optica IgG (or
anti-acquaporin-4 antibodies)

Adapted from Miller etal,® Krupp et al * andWingerchuk et al.®

Neuromyelitis optica

28/07/2018
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Anti-A

quaporin 4 abs

Tahle 8.6 Neuropsychiatric sy observed In sy

lupus erythematosus®

Central nervous system

Aseptic meningitis

Cerebrovascular disease

Demyelinating syndrome

Headache (incdluding migraine and benign intracranial
hypertensien)

Movement disorder (chorea)
- tisortier

Acute confusional state

Anxiety disorder

Cognitive dysfunction

Mood disorder

Psychosls

Peripheral nervaus system

Acute inflammatary demyelinating polyradiculoneurapathy

(Guillain-Barré syndrome)

Autonomic disorder

Menoneuropathy, single/multiplex

Myasthenia gravis

MNeuropathy, cranial

Plexopathy

Pelyneurcpathy

a Fram ACR Ad Hoc Cammittee an Newropsychiatric Lupus Nomendlature

(1598).

28/07/2018
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CADASIL

Investigations
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EDSS

Expanded Disability Status Scale

-
sl

Limiston n
Walking Abiity
2
° M
Normal st
Mevsclogica

et .u.mo
» Viheelcha

I 10
9.5
9

85

Neurology April 12,
2005

Neuropathology

Table 3.2 Pathologic changes in MS.

¢ Increased water content (edema)

« Endothelial cell injury

* Inflammation (lymphocytes, monocytes/macrophages, dendritic cells)

« Demyelination

* Axonal injury and loss

+ Oligodendrocyte injury and loss

« Neuronal injury and loss

— Dendrites, synapses affected

« Microglial activation

* Astrocytosis

+ Remyelination

Patricia K. Coyle

28/07/2018
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Pathophysiology

* (Acute MS/RRMS)

Perivenular inflammation (white & grey matter)
primary
demyelination, astrocytosis

* (SPMS/PPMS)
Diffuse inflammation (normal appearing white and grey
matter) Microglia activation, axonal loss, astrocytosis

Inflammation

* Acute MS > RRMS> SPMS> PPMS
T cells >> B cells and plasma cells
* Macrophages

* Microglial cells

* Demyelination

* Neurodegeneration (oxidative stress,
mitochondrial dysfunction)

16
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Inflammation

* Inflammation can be systemically driven
breakdown of BBB
Acute MS/RRMS

* Inflammation can be compartmentalized
Meningeal
SPMS/PPMS

Corpus callosum plaques

17
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Periventricular plaques
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Optic nerve plaques
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Ingress of Lymphocytes into CNS

VI.AI-VCAMI

SRC kinases.

0%
P JAMs
VAVI, VAV2, VAV ESAM
Aﬂntmnﬂ
Paracelular and transceliular
transmigration
i\ Adweson bl

2 ‘. nallmg ,(,"“g srmns!hcmn; Intravascular Paracellular

Nature Reviews Immunology 2007; 7, 67.

Acute plaque

28/07/2018
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Old plaq |

Axonal loss

21



NEJM 365;23

Treatment

e Acute attack- steroids
* Immunomodulation- lots to choose from

* Symptomatic —spasticity
bladder
pain
psyche
paroxysmal symptoms

28/07/2018
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NICE Guideline

------ iagrouis of tranaverse myeTis i made (and Tere I8 no previcus history of
og . ha i ba oire
pertaitie caua i MS
1.4 Treatment

1.4.1 Traatmant of acuto opisodes

e o o gt 0 ariss from & process wharsty he
Carnteal white mattnr becomes rfiamad ot e indvisuals cun immune Kriiem sat i

damage of e 1 white matier). Trestmant e
arw indapondant of whether e symetoms ariss frm & frat prusentaton or & susequent
reinpse
410 Ay et
wamcant ] an sctetes
ahouls be offered & cowse The

Wtartad B3 950N m kst Ber coset of e relaces and shousd e aitRee

preanisolona, 500 mg=1 g dady. for betwwen 3 and & aays
o
= higracas oral mathyipeednisices, 500 mg-2 § dady. fof betveen 3 and 5 days
1412 Anina ol

Imvtived in taking conicosteride.

Current NICE guidelines

* Interferons/glatarimer — No

* Dimethyl Fumarate-Yes, active RRMS
* Alemtuzumab-Yes, active RRMS
 Teriflunomide- Yes, active RRMS

* Fingolimod- Yes, highly active RRMS

* Natalizumab-Yes , highly active rapidly evolving
(2 relapses in one year, Gd+, increase in T2 lesion
load)

28/07/2018
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Tested against placebo
J e
Interferon beta™?  [ss '.r. I
.
Glatiramer acetate™* 63 '
»
Dimethyl fumarate™® 26 ' >
L
Teriflunomide™ |43 ' e
0
Fingolimod"® 29 ' ; ]
0 Y .
Natalizumab"® ::- ' &
J 1
Azathioprine**® 54 ' ¥
Tested against interferon beta
L
Alemtuzumab™?! (22 ' ©

' Number (or %) of patients who still develop relapses while
» receiving treatment
' Number (or %) of patients who do not develop relapses
because they are receiving treatment. This is equivalent to
lan Galea et al. BMJ 2015;350:bmj.h1765 . the absolute risk reduction
Number (or %) of patients who do not have any relapses
whether they are recelving treatment or not

Treatment

Side effects
costs
ANNALS of Neurology Long term effectiveness

MORE

5 [scomsine

< e L

=4 ° Fingolimod Dimethyl Fumarate

w Mitexantrone

w

s
®

Azmthlspring ® ™ Glatiramer Acetat
T 1 i It T 3
Less SAFETY
i) Emerging Off-Label # Oral & Parenteral

Stephen L. Hauser, et al, 2013
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Bladder problems-NICE

* Post-micturition residual bladder volume measured
* Assess for the presence of a urinary tract infection

* Urge incontinence intermittent self-catheterisation if
high residual volume

* Anticholinergic medicines such as: oxybutynin or
tolterodine

* Botox injection if no response to antimuscurinics

* Nocturia should be offered desmopressin (100-400
ug orally or 10—40 pg intranasally) at night

* intermittent self-catheterisation
* suprapubic catheterisation

Musculoskeletal pain-NICE

* Exercise, passive movement, better seating

* Transcutaneous nerve stimulation or antidepressant
medication

e Ultrasound, low-grade laser treatment and
anticonvulsant medicines

25
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Neuropathic pain-NICE

ecarbamazepine or gabapentin,
or using antidepressants such
as amitriptyline

*Referral to specialist pain
service

Spasticity-NICE

* Initial specific pharmacological treatment for
bothersome regional or global spasticity or
spasms should be with baclofen or gabapentin

* Tizanidine or dantrolene
* diazepam

* clonazepam

* Intrathecal baclofen

* Botox

26



Prognosis

¢ |Informative series

e Statistical analysis of populations

e Conceal individual variation

Lyon, Confavreux et al 1977; 1980; 2000; 2003),
Gothenburg,Broman et al 1981; Eriksson et al 2003;
London, Ontario Runmarker and Andersen 1993
Weinshenker et al 1989a; 1989b; 1991a)

Kantarci et al 1998

Myhr et al 2001

Amato and Ponziani 2000

] 10 20 0 40

Years after orset of M5 to
assignment of 0SS score

411 Kaplan-Meiler estimates for the time (years) from
t of multiple sclorosis to the assignment of DSS 4, 6, 7 and 10,

amang the 1844 patients in the Lyon, France, multiple sclerosis
cohort. Adapted from Confavreux et al (2000; 2003).

Prognostic factors-Clinical

Table | Univariste analysis of clinical
sharaciaristics in 1he benagn and non-bosign

Bemipn MSin = 1510 Non-benign MS (v = 145} value

group at 10 years

Takke 2 Multvarsne loputic rgresdon

Proportion female (%) 21 6.6 > 008
REe ol omiel {yearn o4 RE 34l DLO00E
T T (%)

Ot symptanis (%)

n 46 00001
e m 4 a“ =008
@ »” 4 0003
: 19 16 - 0.05
Sphincter 1 1" - 0.0

Number of fanctional 142 1 068 L6l & 081 002
EDSS wore at 2 years 16 & DA LS55 30 & L4 30085 < 00001
median (rangs)
D58 score al § yearg 154 00 L5 (070 dd & 1545(1.95) < 00001
maTT
Complets conery ] 6 -0
sfter first selapsc® (%)
Tinse betwees (he first 41482 454 53 > 008
2004 11 15418 002
Propomien Fver treated 145 uns » D0
with interferon-# (%)
Vabues are mean & S0 unless I8 *Oinly patients with rel remilting coure
Wald
& Ockds ratio (5% CI) satidic  # valuc

model for benign MS at 10 yran

Includisg primary progresive patients

EDSS scose st 3 years
Dt comene
Comstant 7 (41, = §

coee &1 3 years

relapus in first § yoass

nM; A

1362 025302140578 TION 0000
L4 LID(1M0-75T) &0 Aol
05 LT 5926 602 0002

=1LIT2 0300 20-043T) 4T o0
0.M9 0705 (0515-0911) &l ook
S5 NEIS ITERS 41918 0006
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Gene variants of adhesion molecules act as
modifiers of disease severity in MS

ABSTRACT

Objective: To assess the potential effect of variants in genes encoding molecules that are impli-
cated in ieukocyte trafficking into the CiNS on the ciinicai phenotype of muitipie scierosis S
Methods: A total of 389 Greek MS cases and 336 controls were recruited in 3 MS centers from
Cyprus and Greece. We genotyped 147 tagging single nucleatide polymorphisms [SNPs) in @
genes encoding for P-salectin (SELF), integrins ITGA4, ITGB1, and ITGB7), adhesion molecules
CAM1, VCAM1, and MADCAM1), fibronectin 1 (FN1), and csteopontin (SPP1) invelved in lym-
phocyte adhesion and trafficking into the CNS. Clinical end paints of the study were age at MS
onsat and MS severity as measured by the Multiple Sclerosis Severity Score. Permutation testing
was applied to all analyses.

Results: SNPs rs8721763 of the TGA4 and rs6532040 of the SPP1 were found to significantly
influence disease severity [permutation p values: 3.00e-06 and 0.009884, respectively). SNP
rs1250249 of the FNI had a dose-dependent effect on age at disease onset (permutation p
value; 0.0002).

Paracebular and transceludar
trammgration
r

Adhesion
strengthering,  Intrivascular
spreading <rawling

Skoog et al 2012 Gothenburg-50 years

212 RRMS
37-59yrs FU
40 yrs 22%
50 yrs 14%

Paser Multiple Sclerosis

1.09
0.8
g 064
3
§
O 0.4
- progressive
02 muttiple
sclerosis
0.0 T T T T 1
0 10 20 30 40 50 disease years
Numbper g5 13 58 a2 % 6
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UMBERTO DE GIROLAMI

JACQUES POIRIER

Chinteally (E15) ot descrilees 2 first ehinie dewhth f 4 ESCOURGLLE & TOIIER
selestns (M5}, It ually serars I youny schels sd afcts sptic serves, the besinsser, ee the spinal conk. Althengh
Patients usualty pecover Fron thelf p 15 s aften IS The most notsble Neuropatholo,
risk faciors for \[5 are clinically sibent ME] lesbons and CSF oligocienal bands; weak or uscerabs risk |K|l\1\

. Eputen-Barr vinas nfeceion. smoking, HLA groes,

Disgrostic agathans i luding MR alternative caes and |..a.-|mnhn|.n..|
M3, MEI Ilmllﬁ- incorporated (nk diagnessic criberla b the past decade enable M3 1o be diagmened at of won
alber €15 presentation. The course of M3 after C13 bs variable: after 15-20 years, 2 thind of patients have 2 benign.
womarse with minkmal or no dicbiliry and 3 half will have developed secondary progresdve M with increasing oy
disability. Prediction of the b in unreliable. Di delay the 4,
development from C15 10 M5, “Their use in CHS is limise by uncertain longaerm climical prgnosts asd teatment
benesits and aiverse effects. although they have the potential s prevest or delay futire thsoe damage. inchsding
demyelination and awnnal boss. Targets for futuae therapeutic progress sie 10 achieve safie and effective long-term
immmnomeodslation with surspatrction and epaie

Introduction reported €15 studies).

Relapsing=remitting and primary
progressive MS have the same cause(s) =
| EVIEW ARTICL the neuropathologist's view: |

Ay rnatss
Muldple Sclerosis — The Plague
and Irs Pathogenesis

= cel

o o ' Therapies for multiple sclerosis:
translational achievements and
Association between pathological and MRI findings in outstanding needs

multiple sclerosis Aders Haghikia™®, Reinhard Hohilsid", Ralf Gold’, and Lars Fugger'*
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