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MEDICAL PROGRESS 

 
Figure 1. MRI Scansof the Brain of a 25-Year-Oid Woman with Relapsing—Remitting Multiple Sclerosis.
Anaxial FLAIR (fluid-attenuated inversion recovery) image shows multiple ovoid and confluent hyperintenselesions in the periven-
tricular white matter (Panel A). Nine monthslater, the number andsize of the lesions have substantially increased (Panel B). After
the administration of gadolinium, many of the lesions demonstrate ring or peripheral enhancement, indicating the breakdownof
the biood-brain barrier (Pane! C). In Panel D, a parasagittal T,-weighted MRI scan shows multiple regions in which the signal is
diminished {referred to as “black holes”) in the periventricular white matter and corpus callosum. These regions correspond to the
chronic lesions of multiple sclerosis.
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other, potentially treatable illnesses are advised; for
example, structural or metabolic myelopathy can be
identified by appropriate laboratory studies, including
spinal MRI (Table 1). On MRI,findings of multifo-
cal lesions of various ages, especially those involving
the periventricular white matter, brain stem, cerebel-
lum, and spinal cord white matter, support the clin-
ical impression. The presence of gadolinium-enhanc-
ing lesions on MRIindicates currentsites ofpresumed
inflammatory demyelination (active lesions).

When there is diagnostic uncertainty, repeated
MRIafter several months may provide evidence that
the lesions are “disseminated in time.” Cerebrospi-
nal fluid analysis often shows increased intrathecal
synthesis of immunoglobulinsofrestricted specifici-
ty (oligoclonal bands maybepresent, or the synthesis
of IgG may beincreased), with moderate lympho-
cytic pleocytosis (almost invariably there are fewer
than 50 mononuclearcells). Physiologic evidence of
subclinical dysfunction ofthe optic nerves andspinal
cord (changes in visual evoked responses and soma-
tosensory evoked potentials) may provide support
for the conclusion that there is “dissemination in

space.”” Therefore, spinal MRI and evoked-potential
testing may provide evidence of a secondlesion that
can confirm the diagnosis. Abnormalities detected
by testing of somatosensory evoked potentials and
spinal MRI mayclarify the diagnosis in patients with
optic neuritis alone or isolated brain-stem abnormal-
ities and in those suspected of having unifocal cere-
bral multiple sclerosis on the basis of MRI. If posi-
tive, abnormalities detected by tests of visual evoked
responses may support the diagnosis ofmultiple scle-
rosis in patients with isolated brain-stem or spinal
cord lesions.

The course of multiple sclerosis in an individual
patient is largely unpredictable. Patients who have a
so-calledclinically isolated syndrome(e.g., optic neu-
ritis, brain-stem dysfunction,or incomplete transverse
myelitis) as their first event have a greater risk of both
recurrent events (thereby confirming the diagnosis
of clinically definite multiple sclerosis) and disability
within a decadeifchangesare seen in clinically asymp-
tomatic regions on MRIofthe brain.8 The presence
of oligoclonal bandsin cerebrospinalfluid slightly in-
creases the risk of recurrent disease.?

Studies of the natural history of the disease have
provided important prognostic information that is
useful for counseling patients and planning clinical
trials,41011 Ten percent of patients do well for more
than 20 years and are thus considered to have benign
multiple sclerosis. Approximately 70 percentwill have
secondary progression.* Frequentrelapsesin the first
two years, a progressive course from the onset, male
sex, and early, permanent motororcerebellar find-
ings are independently, but imperfectly, predictive of
a more severe clinical course. Women andpatients
with predominantly sensory symptoms and optic neu-
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TABLE 1. DIFFERENTIAL DIAGNOSIS OF MULTIPLE SCLEROSIS. 

Metabolic disorders

Disorders of B,, metabolism*
Leukodystrophies
Autoimmune diseases

Sjégren’s syndrome, systemic lupus erythematosus, Beh¢et’s disease, sar
coidosis, chronic inflammatory demyelinating polyradiculopathyassociat-
ed with central nervous system demyelination, antiphospholipid-anti-
body syndrome

Infectionst
HIV-associated myelopathy* and HTLY-1—associated myelopathy,* Lyme

disease, meningovascular syphilis, Eales’ disease
Vascular disorders

Spinal duralarteriovenousfistula*
Cavernous hemangiomata
Central nervous system vasculitis, including retinocochlear cerebral

vasculitis

Cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy

Genetic syndromes
Hereditary ataxias and hereditary paraplegias*
Leber’s optic atrophy and other mitochondrial cytopathies

Lesions of the posterior fossa and spinal cord
Arnold-Chiari malformation, nonhereditary ataxias
Spondylotic and other myelopathies*

Psychiatric disorders
Conversion reaction, malingering

Neoplastic diseases
Spinal cord tumors,* central nervous system lymphoma
Paraneoplastic disorders

Variants of multiple sclerosist
Optic neuritis; isolated brain-stem syndromes; transverse myelitis; acute

disseminated encephalomyelitis, Marburg disease; neuromyelitis optica 

*This disorder or groupofdisorders is ofparticular relevance in the dif-
ferential diagnosis of progressive myelopathy and primary progressive mul-
tiple sclerosis.

THIV denotes human immunodeficiency virus, and HTLY-1 human
T-cell lymphotropic virus type 1.

$In manypatients with these variants, clinically definite multiple sclerosis
develops or the courseis indistinguishable from that of multiple sclerosis

ritis have a more favorable prognosis. Life expectan-
cy may be shortenedslightly; in rare cases, patients
with fulminant disease die within monthsafter the on-

set of multiple sclerosis. Suicide remains a risk, even
for young patients with mild symptoms.!?

EPIDEMIOLOGIC FEATURES

The prevalence of multiple sclerosis varies consid-
erably around the world.!3 Kurtzkeclassified regions
of the world according to prevalence: a low preva-
lence was considered less than 5 cases per 100,000
persons, an intermediate prevalence was 5 to 30 per
100,000 persons, and a high prevalence was more
than 30 per 100,000 persons.'* The prevalence is
highest in northern Europe, southern Australia, and
the middle part of North America. There has been
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a trend towardanincreasing prevalence and incidence,
particularly in southern Europe.15!6 Evenin areas with
uniform methods of ascertainment and high preva-
lence, such as Olmsted County, Minnesota, the in-
cidence has increased from 2 to 6 per 100,000 dur-
ing the past century.!? However, the incidence has
actually declined in some,!*9 but notall,?° areas of
northern Europe. Stable or declining rates have been
reported mostoften in regions with high prevalence
and incidence. The extent to which the observedin-

creases in incidence are explained by an enhanced
awareness of the disease and improved diagnostic
techniquesis uncertain. There is a large reservoir of
mild cases, the recognition of which may depend
heavily on the zeal and resources ofthe investigator.

The reasonsfor the variation in the prevalence and
incidence of multiple sclerosis worldwide are not un-
derstood. Environmental and genetic explanations
have been offered, and both factors probably have a
role. The occurrence ofrapid shifts in the incidence
of multiple sclerosis, if not artifactual, is an argu-
mentfor an environmentalinfluence, as is the equiv-
ocal, but suggestive, evidence ofthe clustering ofcases
in terms of both geography and time and ofepidem-
ics, especially on the Faroc Islands.2! The apparent
changein the frequency of multiple sclerosis among
people??.23 and their offspring?* who migrate to and
from high-prevalence areas is another factor that has
been presented to support the existence of an envi-
ronmental factor. However, each of these relations
has potential confounders that preclude the drawing
ofa definite conclusion regarding the importance of
environmentalfactors.?5 The nature of putative envi-
ronmental factors remains unclear in numerous case—
control studics. Studies that show that the incidence

of multiple sclerosis among the adopted children of
patients with multiple sclerosis is not higher than ex-
pected seem to argue against the possibility that a
transmissible factor is primarily responsible for the
increased risk of the disease amongrelatives and in-
stead suggest that genetic factors may be responsible.26

GENETIC FACTORS

Evidence that genetic factors have a substantial ef-
fect on susceptibility to multiple sclerosis is unequiv-
ocal. The concordance rate of 31 percent among
monozygotic twins is approximately six times the rate
amongdizygotic twins (5 percent).?” The absolute risk
of the diseaseinafirst-degree relative ofa patient with
multiple sclerosis is less than 5 percent; however, the
risk in suchrelatives is 20 to 40 timesthe risk in the

general population.## Since 1973, it has been recog-
nized that the presence of the HLA-DR2allele sub-
stantially increases the risk of multiple sclerosis.
This effect has been foundin all populations, with the
exception of that in Sardinia.2° The magnitude ofthe
relative risk depends on the frequency of the HLA-
DR2 allele in the general population. Given the high

frequencyofthis allele in the population,the risk at-
tributable to the HLA-DR2 allele is considerable. Pop-
ulations with a high frequencyoftheallele (e.g., those
in Scotland) have the highestrisk of multiple sclerosis.

The modeoftransmission of genetic susceptibility
to multiple sclerosis is complex. Mostcases are sporad-
ic, despite the clear excess risk among the relatives of
patients. Investigators have used the usual genetic
approachesto identify genes associated with an in-
creased risk of multiple sclerosis.

Studies ofcandidate genes have targeted individu-
al genes with microsatellite markers with use of asso-
ciation and linkage strategies. For some genetic re-
gions, such as the HLAregion on chromosome6,it
has been difficult to identify the specific polymor-
phism that predisposes persons to the disease, given
the high degree oflinkage disequilibrium at thatlocus.
Candidate-gene studies were followed by four stud-
ies in which the entire genome was scanned.) Re-
gionsofinterest have been identified, although none
have been linked to the disease with certainty. Con-
sidering the rather large numberofpatients evaluated
in such studies, one might concludetentatively that no
single gene, except possibly those for HLA antigens,
exerts a strong effect.

Furtherrefinement ofthe linkage mapis in prog-
ress.36 Whether this approach will prove powerful
enoughto identify genes with a relatively weak effect
is difficult to predict. To enhance the detection of
genes with a weakeffect, investigators have begun to
use strategies involving linkage-disequilibrium map-
ping and transmission-disequilibrium testing. In these
approaches, putative causative alleles or marker al-
leles and haplotypes are assessed to determine wheth-
er they are associated with the disease at a popula-
tion level or whether they are associated with a
higher-than-expected rate of transmission of disease
from heterozygousparents to their children. This ef-
fort will involve a major expenditure of resources to
achieve genome-wide coverage. The developmentof
novel analytic techniques for these types of genetic
data sets makes such an undertaking feasible.3”

The severity and course of multiple sclerosis may
also be influenced by genetic factors. Epidemiologic
evidence to support this premise comesfrom’ studies
examining the rate ofconcordance for measures that
describe and quantitate variations in the course of
disease, including the age at onset, the proportion
of patients in whom thedisease progresses, and the
extent of‘disability over time.38 HLA-DR and DQ
polymorphismsare notassociated with the course and
severity of multiple sclerosis, despite their substantial
contribution to disease susceptibility.39 Recently, vari-
antsofthe interleukin-18-receptor and interleukin-1-
receptor antagonist genes,*® immunoglobulin Fe re-
ceptor genes,*! and apolipoprotein E gene*? have been
associated with the course of the disease, but these
findings await confirmation.
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