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INTRODUCTION

The pathological hallmarks of multiple sclerodidS) are
focal lesions, characterized by demyelination, aimimation,
axonal injury and gliosis, and diffuse axonal degation
throughout the CNS. In some regions, MS prevaleaceexceed
100 per 100 000 people, and worldwide up to 2 amilipeople are
estimated to be affected. The peak age of ondetigeen 20 and
40 years, and disease progression often leads werese
neurological disabilitfPugliatti et al., 2002).

The exact cause and pathogenesis of MS are unkniGven.
most widely accepted hypothesis is that MS is aoiaumune
disease that leads to destruction of CNS myelini-Awyelin T-
cell-mediated inflammatory responses are beliewwdhave a
crucial role in the development of focal lesionowever, the
underlying mechanism of the widespread axonal degdion is
not yet fully understoo@Frohman et al., 2006).

Three types of vascular dysfunction have beenriestin
MS. First, findings from epidemiological studiesggest that
patients with MS have a higher risk for ischemimlst than
people who do not have MS. The underlying mecimanis
unknown, but might involve endothelial dysfunctieecondary to
inflammatory disease activity and increased plakoraocysteine
concentrationgD’haeseleeret al., 2011).
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Second, patients with MS have global cerebral

hypoperfusion, which might predispose them to teeetbpment
of ischemic stroke. The widespread decrease inugeri in

normal-appearing white matter and grey matter in $¢8ms not
to be secondary to axonal degeneration, but migha besult of
reduced axonal activity, reduced astrocyte energyabolism,
and perhaps increased blood concentrations of eeliotl. Data
suggest that a subtype of focal MS lesions mightehan
iIschemic origin, and there seems to be a link betweduced
white matter perfusion and cognitive dysfunction MS

(D’haeseleeret al., 2011).

Third, the pathology of MS might be the conseqeeoica
chronic state of impaired venous drainage from @NS, for
which the term chronic cerebrospinal venous insigficy
(CCSVI) has been coined. A number of recent vasatilaties do
not support the CCSVI theory, but some elements o&\C
might be explained by slower cerebral venous Dbldimv
secondary to the reduced cerebral perfusion irepitiwith MS
compared with healthy individual¢Zamboni and Galeaotti,
2010).
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AIM OF THE WORK

- To review the vascular abnormalities described uwitidle
Sclerosis.

- To discuss the pathophysiological significance poskible
mutual relations between these vascular abnoresléand
Multiple Sclerosis.

- To focus on Chronic Cerebrospinal Venous Insufficgenc
(CCSVI) and its relation to Multiple Sclerosis as aim
underlying pathological change in the vascular teuf
Multiple Sclerosis.
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OVERVIEW OF MULTIPLE SCLEROSIS

Multiple sclerosis (abbreviated MS, also known as
disseminated sclerosis or encephalomyelitis digsat@) is a
disease in which the fatty myelin sheaths arouedattons of the
brain and spinal cord are damaged, leading to demay®n and
scarring as well as a broad spectrum of signs gntptoms.
Disease onset usually occurs in young adults, and more
common in female@Compston and Coles 2008)

Epidemiology of Multiple Sclerosis

Multiple sclerosis (MS) is one of the most common
diseases of the central nervous system (brain pimdlscord).
The prevalence in Egypt showed a great discrepdncg.study
on hospital patients registry in 2002, the prevederate of MS
among Egyptian population in different centers wasmated to
be about 25/100.000, where in Cairo only, it wasntbuB5/
100.000, and in Upper Egypt it was low 1.2/100 Qgga@shem et
al., 2010).

Previous studies in Egypt reported that the presmadeof
Multiple sclerosis in Cairo among other neurologidaorders
was estimated to be about 3.7@doustafa, 1954, where in
Alexandria it was 0.5%EIl-Garem, 1964)and (Kandil et al.
2006) reported that multiple sclerosis patients peragmta
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admitted to Assuit University hospital during onsay was 0.7%
among other neurological patients.

Prevalence estimates for MS in the United Stategfvam
58 to 95 per 100,000 populatiofi¢oonan et al., 2010).

According to the National Multiple Sclerosis Sogiet
400,000 individuals in the United States are affecby MS,
misdiagnosis is commo(National Multiple Sclerosis Society,
2010).

Worldwide, approximately 2.1 million people areedftied
by MS. The disease is seen in all parts of the dvarid in all
races, but rates vary widefilational Multiple Sclerosis Society,
2010).

In general, the prevalence of MS tends to increaike
latitude (eg, lower rates in the tropics, higheesain northern
Europe), but there are many exceptions to thisignadeg, low
rates among Chinese, Japanese, and African blaaks; rates
among Sardinians, Parsis, and Palestinians), winghies that
racial and ethnic differences affect risk. In aibaif a substantial
increase in MS incidence has been reported fronferdift
regions, suggesting that environmental factors, wadl as
geographic and genetic ones, play an important noleVS
(Rosati, 2001).
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Worldwide, the median estimated prevateat MS is 30
per 100,000 (with a range of 5-80). Regionally, thedian
estimated prevalence of MS is greatest in Europ@ [&r
100,000), followed by the Eastern Mediterranean.q1ger
100,000), the Americas (8.3 per 100,000), the Wedtacific (5
per 100,000), South-East Asia (2.8 per 100,000) Afnida (0.3
per 100,000§World Health Organization [WHOQO], 2008).

Classification:

Several subtypes, or patterns of progression, fmaen
described. Subtypes use the past course of theasdism an
attempt to predict the future course. They are ntgmd not only
for prognosis but also for therapeutic decisions.1B96 the
United States National Multiple Sclerosis Societgnglardized
four subtypes' definition@Reingold, 1996).

Relapsing remitting,
Secondary progressive,

Primary progressive, and
Progressive relapsing.

HwnNE

The relapsing-remitting subtype is characterized by
unpredictable relapses followed by periods of menthyears of
relative quiet (remission) with no new signs ofedise activity.
Deficits suffered during attacks may either resotwe leave
sequelae, the latter being more common as a fundfotime
(Compston and Coles 2008Jhis describes the initial course of
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85-90% of individuals with MS. When deficits alwayssolve
between attacks, this is sometimes referred to easgh MS
(Pottock and Rodriguez, 2008)

The relapsing-remitting subtype usually begins wiéh
clinically isolated syndrome (C)Miller et al., 2006)

CIS is an individual's first neurological episode,aused
by inflammation or demyelination of nerve tissuen Aepisode
may be monofocal, in which symptoms present anhglaisite in
the central nervous system, or multifocal, in whictltiple sites
exhibit symptomgCompston and Coles 2008)

Brainlesions associated with a clinically isolated syndrome
may be indicative ofnultiple sclerosis (MS). In order for such
adiagnosis, multiple sites in the central nervous system must
present lesions, typically over multiple episodeas] for which no
other diagnosis is likely. A clinically definitivdiagnosis of MS is
made once aNRI detects lesions in the brain, consistent with
those typical of M§Miller et al., 2006)

Secondary progressive MS (sometimes called "galtppi
MS") describes around 65 % of those with an initelapsing-
remitting MS, who then begin to have progressivera®gic
decline between acute attacks without any defipgeods of
remission. Occasional relapses and minor remissims appear
(Compston and Coles 2008Yhe median time between disease
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onset and conversion from relapsing-remitting ta@oseary
progressive MS is 19 yeafRovaris et al., 2006)

The primary progressive subtype describes the
approximately 10-15% of individuals who never hasmission
after their initial MS symptoms. It is charactedZey progression
of disability from onset, with no, or only occasarand minor,
remissions and improvements. The age of onseth®mptimary
progressive subtype is later than for the relapsamgitting, but
similar to mean age of progression between thepsalg-
remitting and the secondary progressive. In bosesa is around
40 years of agéMiller and Leary, 2007)

Progressive relapsing MS describes those individwailo,
from onset, have a steady neurologic decline aa ailiffer clear
superimposed attacks. This is the least commonl cfulatypes
(Compston and Coles 2008)

Atypical variants of MS with non-standard behaviave
been described. These include Devic's disease, &aloentric
sclerosis, Schilder's diffuse sclerosis and Marbungltiple
sclerosis; and there is debate on whether the&eariants or
different diseases. Multiple sclerosis also behaliffsrently in
children, taking them more time to reach the pregre stage.
Nevertheless they still reach it at a lower meae #@n adults
(Compston and Coles 2008)
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Clinical Presentation of Multiple Sclerosis

The person with MS can suffer almost any neuroklgic
symptom or sign, including changes in sensatiorpgbgthesia
and paraesthesia), muscle weakness, muscle spastficulty
In moving; difficulties with coordination and bal@n (ataxia);
problems in speech (dysarthria) or swallowing (dygpa), visual
problems (nystagmus, optic neuritis, or diplopfaligue, acute or
chronic pain, and bladder and bowel difficult{€ompston and
Coles 2008) Cognitive impairment of varying degrees and
emotional symptoms of depression or unstable maedatso
common. Uhthoff's phenomenon, an exacerbation dbngx
symptoms due to an exposure to higher than usudliezm
temperatures, and Lhermitte's sign, an electriealsation that
runs down the back when bending the neck, are cpiatly
characteristic of MS although not specific. The malinical
measure of disability progression and symptom sgves the
Expanded Disability Status Scale or ED&®esen et al., 2007)

Symptoms of MS usually appear in episodic acuteogdsr
of worsening (called relapses, exacerbations, baitacks, or
"flare-ups"), in a gradually progressive deterimmatof neurologic
function, or in a combination of both. Multiple sobsis relapses
are often unpredictable, occurring without warnargd without
obvious inciting factors with a rate rarely abovarid a half per
year. Some attacks, however, are preceded by conmggers.
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Relapses occur more frequently during spring and nsem
(Compston and Coles 2008)

Predisposing factors triggering Multiple
Sclerosis

Viral infections such as the common cold, influegnea
gastroenteritis increase the risk of relapse. Stnesy also trigger
an attack. Pregnancy affects the susceptibilityetapse, with a
lower relapse rate at each trimester of gestafmming the first
few months after delivery, however, the risk ofapsde is
increased. Overall, pregnancy does not seem taeinfle long-
term disability. Many potential triggers have beamined and
found not to influence MS relapse rates. Thereigsvidence that
vaccination and breast feeding, physical traumaUbthoff's
phenomenon are relapse trigg€rataru et al., 2006)

Aetiopathogenesis of Multiple Sclerosis

Despite a large body of research, the aetiologsuwitiple
sclerosis (MS) remains unclear. Recent findings owni that
genetic and environmental factors substantiallyjuerice the
course of disease well as the chance of gettingligease. The
guestion as to whether an immune dysregulatiomatheart of
the pathogenesis is the initial event or a secgndhenomenon
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of the disease remains unanswered at this {seherio and
Munger, 2007).

The Autoimmune etioloqgy

Multiple sclerosis (MS) is the most common neuraial
disease in young adult€g¢mpston A. et al 2002 The disease is
heterogeneous in clinical appearance, and it isded into
different groups based on both clinical and radipgical data
(Polman CH, et al 200%

Factors responsible for the different courses efdlsease
are unknown and the etiology of MS remains uncert@ne of
the most widely accepted hypotheses is that MSpogressive,
autoimmune, demyelinating disease of the CNS wharendc
inflammation is central to the axonal injury andgdpleading to
deficits of motor, autonomic, and neurocognitivadtion Charil
A, et al 2007. This autoimmune response involves T-cells, B
cells, macrophages/microglia, and cytokinemediateffiects
against auto-antigens such as myelin basic pro(&BP),
proteolipid protein, and myelin oligodendrocyte aiprotein
(Sospedra M, et al 2005

Immunomodulatory therapies targeted to reduce
inflammation have shown clinical benefits in MS ipats
(Gunnarsson M, et al 2011 First-line immunomodulators
include Interferon-beta and Glatiramer acetateciviaire used for
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the treatment of relapsing remitting (RR) MS patieBisth drugs
are known to modulate the immune system, redudiegannual
rate of relapse and T2 lesions on the MRI scan(8g.3A newer
drug, Natalizumab, which is a selective adhesionlenude

inhibitor, is reserved for MS patients who do naleguately
respond to first-line immunomodulatory therapibedes A, et
al 2017). Nevertheless, these modalities are less likelganefit

patients with the chronic progressive (CP) typetld disease
(Panitch H, et al 2004

Both genetic and environmental factors have beewsho
contribute to susceptibility to MS. Among studieéngs for
susceptibility to MS, the genes on chromosome Gpzhe area
of the major histocompatibility = complex [MHC,;
histocompatibility leukocyte antigen (HLA) in hungdn in
particular the alleles -DR and -DQ of the genesghasen shown
to have strong correlations accounting for 10%—60fothe
genetic risk of MS Kaines JL, et al 1998 The association
between these susceptibility genes and autoimmushttyought to
involve their role as antigen-presenting molecui@sCD4+ T
cells Chiang YJ, et al 200D

This deregulation in self-recognition, which haseibe
shown to be related to the T-cell signaling patrsyaan result in
epitope spreading and eventual autoimmuniiyohy VK, et al
1999.

12



L ¢k 1: Overview of Multiple Sclerosis

However, studies based on the concordance rate®iob-
zygotic twins show that the genetic component of NEK is
around 25% \Viller CJ, et al 2003 suggesting that
environmental factors also contribute to MS patineges. In
addition, epigenetic mechanisms, including DNA mkthon,
histone modifications, and micro (mi)RNAs which hatree
ability to regulate post-transcriptional gene espren through
multiple mechanisms, have been shown to account ttier
observed disconcordance rates of mono-zygotic twirtsese
epigenetic factors provide a bridge between theeraat
environment, such as infectious agents and UV ghhliand the
individual genetic makeup, determining the initatiand the
progression of MSRurrell AM, et al 201). Nevertheless, a
detailed discussion of epigenetic mechanisms isiteyhe scope
of this review.

The Infectious etiology

Infectious agents have been suggested to be amomg n
genetic causes of MS. The most convincing evideiocethe
association between infectious agents and MS cdnoes the
Faroe Islands MS epidemics after 1940, when Britislops in
the Second World War occupied the islands, whichevk@mown
not to have had MS cases befdfeirtzke JF, et al 2001

In addition, the oligoclonal IgG antibodies in t8&F, one
of the tests used to diagnose MS, frequently shoeveased
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antibody titer for measles, rubella, or varicelster Reiber H,

et al 1998. The results of clinical studies show benefits of
treating MS patients with the antiviral agent Aoyet (Lycke J,

et al 1997 or with its prototype, ValacicloviHriedman JE, et al
2009, further supporting the role of infectious agemsMS
pathogenesis.

Infectious agents are able to trigger autoreaciiveell
responses against myelin and its components througkcular
mimicry (Wucherpfennig KW, et al 1995 Such a molecular
mimicry has been identified for the Epstein-Barusi(EBV), a
double-stranded DNA herpes virus, which has bedanswely
studied for its relation to MSThacker EL, et al 2005 The
molecular mimicry is imparted by the existing hoowes
between EBNAL (an EBV nuclear antigen) and MBP, leadm
cross-reactivity between EBNA1 and antibodies agaMBP
(Bray PF, et al 1992

In addition, due to structural similarities, stromgoss-
reactivity was observed between a peptide belongirntge EBV
DNA polymerase, BALF5, and a peptide from MBEaigg HL,
et al 2002. These specific structures are recognized bysémee
T-cell receptor in the context of HLA DR2 haplotgpe
DRB1*1501 and DRB5*0101, two HLA haplotypes which are
linked to predisposition to M3(at E, et al 200%
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Fig. (1): Schematic illustration of factors potentially imwed in the immune-
mediated destruction in multiple sclerosis (MS)des. Abbreviations: Ag,
antigen; APC, antigen-presenting cell; B, B cell;, B cell, fetal type; B2, B
cell, adult type; Fas, CD95 molecule; FasL, Faanlijyd, yd'T cell, fetal
type; IFNy, interferon-gamma,; IL, interleukin; LP, lipopolysdnaride; MO,
monocyte/ macrophage; N, neuron; NO, nitric oxidadigals; OD,
oligodendrocyte; ROS, reactive oxygen species; @ellf Tc, cytotoxic T cell;

Th, T helper cell; TNE, tumour necrosis factor-alpliiikbin et al., 2007).
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