
In Western industrialized sodeties at least one in 800 of the population
is affected by multiple sclerosis (MS). If the disease is recognized early
and treated adequately the prospects are now better than ever for im-
proving both the quality and length of life for people with MS.

This condse, abundantly illustrated text provides a complete overview
of MS for the internist, general neurologist and therapist. Including
recent research findings in genetics, immunology and pathophysiol-
ogy, the authors provide reliable and up-to-date guidance on the epi-
demiology, diagnosis, prognosis and treatment of MS.

Of particular interest to neuroscientists and neurologists will be the
reviews of experimental models of MS, pathology of the demyelinated
plaque, HLA assodations and the role of immune mechanisms. Envi-
ronmental factors in the etiology of MS are examined, including the
possible role of infectious agents. The clinical sections of the book in-
clude discussion of neurological, sexual, psychological and cognitive
disturbances, and rehabilitation measures are given spedal attention.
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Foreword

In the past two decades we have witnessed a
remarkable growth in our understanding of
multiple sclerosis, and we are now on the
threshold of an era in which effective treatment
seems possible. Though the aetiology of the
disease is not yet fully understood, evidence for
an interaction between an environmental factor
(perhaps viral) with a genetic susceptibility fac-
tor has grown. Four new studies just published
(Ebers et al. 1996; Haines et al. 1996; Kuok-
kanen et al. 1996; Sawcer et al. 1996) have con-
firmed that the latter implicates several chro-
mosomes; again, the HLA region of the 6th
chromosome emerges as the most important.+

•Ebers GC, Kukay K, Bulman DE, Sadovnick AD,
Rice G, Anderson C, Armstrong H, Cousin K,
Bell RB, Hader W, Paty DW, Hashimoto S, Oger
J, Duquette P, Warren S, Gray T, O'Connor P,
Nath A, Auty A, Metz L, Francis G, Paulseth JE,
Murray TJ, Pryse-Phillips W, Nelson R, Freed-
man M, Brunet D, Bouchard J-P, Hinds D, Risch
N. A full genome search in multiple sclerosis.
Nature Genetics 13 (1996): 472-476.

Haines JL, Ter-Minassian M, Bazyk A, Gusella JF,
Kim DJ, Terwedow H, Pericak-Vance MA,
Rimmler JB, Haynes CS, Roses AD, Lee A,
Shaner B, Menold M, Seboun E, Fitoussi RP,
Gartioux C, Reyes C, Ribierre F, Gyapay G,
Weissenbach J, Ilauser SL, Goodkin DE, Lincoln
R, Usuku K, Garcia-Merino A, Gatto N, Young
S, Oksenberg JR. (The Multiple Sclerosis Genet-
ics Group). A complete genomic screen for
multiple sclerosis underscores a role for the ma-
jor histocompatability complex. Nature Genetics
13 (1996): 469-471.

Kuokkanen S, Sundvall M, Terwilliger JD, Tienari PJ,
Wikstrom J, Holmdahl R, Pettersson U, Pelt-
onen L. A putative vulnerability locus to
multiple sclerosis maps to 5pl4-pl2 in a region
syntenic to the murine locus Eae2. Nature Genet-
ics 13 (1996): 477-480.

Sawcer S, Jones HB, Feakes R, Gray J, Smaldon N,
Chataway J, Robertson N, Clayton D, Good-
fellow PN, Compston A. A genome screen in
multiple sclerosis reveals susceptibility loci on
chromosome 6p21 and 17q22. Nature Genetics 13
(1996): 464-468.

Much has been learned about cellular mecha-
nisms involved in pathogenesis and repair, and
the evolution of the lesion is now much better
understood through the exploitation of mag-
netic resonance imaging (MRI) and spectro-
scopy. A secure early diagnosis can be made
earlier in the course of the disease through the
application of MRI, evoked potentials, and ce-
rebrospinal fluid analysis.

Developments in MRI have produced power-
ful new tools for monitoring the effectiveness of
treatment. As a result, putative therapeutic
agents can be screened relatively quickly to see
whether they have an influence on at least
some aspects of the pathological process. One of
the most encouraging developments has been
the demonstration that a number of agents-
most notably the beta-interferons-reduce the
frequency of acute pathological activity, and
that this can be reflected in a modest decrease
in relapse rate. Convincing evidence for a use-
ful effect on disability (surely the most impor-
tant criterion for an effective treatment) is still
awaited. But the progress over the past five
years gives grounds for optimism.

In this timely book, the background to these
advances is described; the areas of greater and
lesser certainty are delineated and the pros-
pects for future progress are laid out; and the
practical management of the patient as well as
of the disease are detailed. This is an exciting
time for the study of multiple sclerosis, and Dr.
Kesselring and his colleagues show why.

W. I. McDonald
National Hospital for Neurology and Neurosurgery

London, England
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General aspects





Historical perspective

The past is always with us, never to be escaped; it
alone is enduring; but amidst the changes and
chances which succeed one another so rapidly in this
life, we are apt to live too much for the present and
too much for the future.

Sir William Osier, Aequanimitas, 1889

Multiple sclerosis is a very conspicuous disease
which, when full blown, has signs which no ex-
perienced clinician should fail to recognize.
Nevertheless, until the Middle Ages, there are
no descriptions in medical texts of any disease
which we would recognize and diagnose as MS
today. A possible exception to this may be the
history of Saint Lidwina von Schiedham (1380-
1422), a nun from the Netherlands (Medaer
1979). Over the course of 37 years, she showed
waxing and waning clinical manifestations of
symptoms which could be attributed to disor-
ders of various parts of the nervous system.

The diary and letters of Augustus Frederick
d'Este (1794-1848), an illegitimate grandson of
the English King George III and cousin to
Queen Victoria, do provide a record of a case of
MS. In 1822, at the age of 28, he suffered from
sudden visual disturbances after having at-
tended the funeral of a close relative: "Soon af-
ter . . . and without anything having been done
to my eyes, they completely recovered their
strength and distinctness of vision." Five years
later, while in Florence, both his legs became
paralyzed: "I remained in this extreme state of
weakness for about 21 days, during which peri-
od I fell down about five times (never fainting)
from my legs not being strong enough to carry
my body." In the following years he writes of
"very violent pains" and that "my making wa-
ter is attend with difficulty." Two years later:
"whilst in the act of getting out of bed a consid-
erable portion of stool flowed from me, without
my having been made aware of wanting to go
to the closed stool." In a note made in 1830, we

can detect a hint of impotence: "I formed a liai-
son with a young woman - I find my acts of
connection a deficiency of a wholesome vigour
. . . " Some 13 years later, during which time he
had been searching for cures in various spas
and with various physicians, he noticed some
sensory disturbances: "Sitting produces a
numbness all down the back part of my thighs
and legs, and gives me a curious numb sensa-
tion in the lower region of the belly. When
standing or walking I cannot keep my balance
without a stick." Three months after this, he re-
cords a feeling of vertigo for the first time: "For
the first time in my life I was attacked by giddi-
ness in the head, sickness, and total abruption
of strength in my limbs." In 1844 Sir Augustus
needed a wheelchair, "with which a 'wind-
cushion', price 10 shillings, was used." The last
entry in his diary was written in 1846, 2 years
before his death. His writing is clearly affected
by ataxia, the previously fluent, orderly script
disintegrating into single letters. He describes
the use of an orthopedic aid and ends full of
hope: " . . . and I walk without my left foot,
which some time ago always turned over out-
wards at the ankle joint unless supported by a
steel upright, showing any disposition so to do.
Surely this is a decided improvement! Thanks
be to the Almighty!" (Firth 1948; McDonald
1983).

There can be found in several biographies of
poets of that time, for example Heinrich Heine
(1797-1856) (Jellinek 1990), and Eduard Morike
(1804-1875) (H.J. Griisser, personal communi-
cation 1987), various signs and symptoms of
disease which, in retrospect, suggest a diag-
nosis of MS.

Despite the paucity of historical examples,
we may assume that the disease did not exist
with the same signs, and certainly not with the
same frequency, as it does today.



Jean Cruveilhier (1791-1873) is usually as-
sumed to be the first to have described MS.
This assumption (discussed by de Jong 1970,
and S. Poser 1986) is based on the first mono-
graph on the disease, which was edited by
Charcot's pupil Bourneville in 1869 (Bourneville
and Gueiard 1869). Cruveilhier was professor
of pathological anatomy in Paris and, between
the years 1829 and 1842, he published a beauti-
ful atlas with the title Anatomie pathologique du
corps human (Cruveilhier 1829-1842). In the sec-
ond volume there is a description of four dis-
ease protocols and an illustration of "Maladies
de la moelle epiniere." The disease is described
as "parapl6gie par degeneration grise des cor-
dons de la moelle," and Cruveilhier uses ex-
pressions such as "en taches" and "en iles" to
describe the pathological processes. He draws
attention to the firm consistency of these spots,
and was not able to compare them to any tissue
in the body known to him. In his opinion, this
disease was, like rheumatism, the sequel to
suppressed sweating.

At about the same time, Robert Carswell
(1793-1857), later to become professor of pa-
thology in London, was working as a student in
Paris when he produced nearly 2000 water-
colors and drawings of normal and pathological
tissues which later formed the basis of his work
Pathological anatomy: illustrations of elementary
forms of disease which appeared in 1838. He de-
scribes what we would today call MS as "a pe-
culiar disease state of the cord and pons Varolii,
accompanied by atrophy of the discoloured
portions." One of his figures mirrors one from
Cruveilhier's atlas so closely that it is tempting
to assume both authors had used the same
preparation as a model.

However, careful research into the years of
these publications shows that the relevant fig-
ures in Cruveilhier's atlas, which was produced
in 40 "livraisons," cannot have appeared before
1841, whereas Carswell's work was finished
and published in 1838. Thus, the first patient
whose disease was diagnosed as MS was
French, but the lesions which formed the basis
of the disease were depicted for the first time by
a Scotsman (Compston 1988).

The dispute as to who was the first to de-
scribe MS - Cruveilhier or Carswell - might be
resolved by the atlas The morbid anatomy of the
human brain, illustrated by coloured engravings of
the most frequent and important organic diseases to
which that viscus is subject, by Robert Hooper
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(1773-1835), which was published in 1828 in
London by Longman, Rees, Orme, Brown and
Green (Hooper 1828). Hooper was a pathologist
and practicing physician in London and he
based his atlas on his experiences, gained over
30 years, of more than 4000 autopsies which he
had performed at the St Mary-le-bone Infirmary
(McHenry 1969). He describes "Diseased struc-
tures, and unnatural appearances without tu-
mefaction: Morbid firmness, hardness, or indu-
ration . . . is not uncommon in the substance of
the brain . . . It is mostly accompanied by a dark
hue . . . With this preternaturally great cohe-
sion of its particles, the brains feels not merely
firm, but morbidly hard, and the cut surface
does not show the natural number of blood-
vessels in the medullary substance, nor does it
receive the impression of the finger readily: and
when the finger is removed, it quickly rises to
its leVel . . ." and later: "The delicate colour of
the medullary substance frequently undergoes
a change. I have seen it of palestone or albine
colour. . ."

The first clinical descriptions of MS were by
Frerichs in Gottingen, Germany, and appeared
in the middle of the last century (Frerichs 1849).
Frerichs' clinical diagnosis of "Hirnsclerose"
was challenged until, in 1856, his pupil Valen-
tiner reported pathological findings from pa-
tients who had died and pronounced his mas-
ter's clinical diagnosis to be "so brilliantly
confirmed by postmortem examination." He
highlighted a symptom which was later often
neglected: "Psychological disturbances of high-
er degrees accompany the degeneration of the
brain almost regularly." Treatment was very
limited: "Without sanguinic hope of success he
ordered the use of iodine potassium."

Rindfleisch, in Zurich in 1863, first identified
the pathological changes of the blood vessels:
"their wall is enormously thickened by the ag-
gregation of nuclei and cells in the adventitia."
He considered "often recurrent or persistent ir-
ritations of the entire central organs" to be a pri-
mary event, and changes in the parenchyma to
be secondary phenomena: "The neuroglia un-
dergoes a series of metamorphoses in continua-
tion of the formative irritations from the vessel
walls to the neighbourhood. This process car-
ries throughout the mark of scantiness."

A vascular theory of MS was adhered to for
several decades (Putnam 1933). It was based on
the observation that plaques develop mainly in
the neighborhood of small veins in which, from
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time to time, organized thrombi can be found.
This theory led to several therapeutic trials with
vasoactive substances and anticoagulants, but
with no success.

Leyden (1863) summarized the state of
knowledge of that time as follows:

1. women are affected much more often than
men (25:1),

2. the onset of the disease is usually between
the 20th and 25th year,

3. there had been only a single hereditary case,
4. there are two main etiological factors: expo-

sure to cold and wet, and trauma,
5. psychological events are important in trig-

gering the disease.

Jean Marie Charcot (1825-1893) gave the first
comprehensive description of MS, describing
its clinical peculiarities in his famous lectures at
the Salpetriere in Paris (Charcot 1872-1873;
McDonald 1993). He distinguished myotrophic
lateral sclerosis from MS, and evaluated tremor
not as a disease but as a symptom. He clearly
distinguished intention tremor from tremor
with Parkinson's disease. The "classical symp-
tom triad" of nystagmus, intention tremor, and
scanning speech which is named after him was
not considered important by Charcot himself,
and he stressed repeatedly that the lack of one,
or even of all three, of these symptoms could
not preclude the diagnosis. He also drew atten-
tion to benign cases of the disease (Charcot
1879). As a successor to Vulpian to the chair of
pathology, and possibly in collaboration with
him, he elaborated the histology of MS and pro-
duced drawings of myelin loss and preserva-
tion of axon cylinders, proliferation of glia, and
perivascular phagocytes containing fatty de-
posits (Charcot 1868).

Charcot maintained that the cause of the dis-
ease was unknown. He assumed it to have
some connection with acute infection, and de-
scribed cases in which it had been preceded by
infections such as typhus, smallpox, or cholera.
He also mentioned an association with expo-
sure to cold, and with emotional factors such as
grief, shock or trauma.

In 1906, Marburg described an acute form of
MS which is still named after him. He postu-
lated a myelinolytic toxin as a causal factor.
This toxin theory was supported for several de-
cades and received particular attention in the
work of Baasch (1966), who thought the disease
was caused by a chronic mercury infection from

amalgam fillings in the teeth. Despite his ele-
gant arguments, his conclusions were not con-
firmed.

The theory that MS is an infectious disease
has had its supporters for more than a century,
since Charcot and Pierre Marie (1884) (Lamer
1986). In the 1930s, it gained new impetus fol-
lowing the observation that the histological pic-
ture of perivenous demyelination in postinfec-
tious and postvaccination encephalomyelitis
could not be distinguished from that seen in
MS (Brain 1930).

On many occasions, specific organisms were
isolated and considered as etiological factors.
The search for viruses which could be responsi-
ble for MS is always accompanied by the same
hope and confidence which, in the case of po-
liomyelitis, were rewarded by vaccination
against poliomyelitis viruses. Various viral dis-
eases in humans and animals may lead to
changes in the central nervous system (CNS)
which, histologically and otherwise, resemble
MS. In viral disease, there may be focal inflam-
mation as well as primary demyelination. The
recognition of virus persistence in the CNS
gave an important impetus to the search for a
viral etiology for MS. Several chronic CNS dis-
eases in animals (visna, scrapie, mink encepha-
lopathy) and in humans (Creutzfeldt-Jakob
disease, kuru) may be associated with trans-
missible agents. However, conventional vi-
ruses such as measles are also able to persist
within the CNS under certain immunological
conditions, such as in the case of subacute scle-
rosing panencephalitis (SSPE). Since the early
1960s, the measles virus has often been impli-
cated in MS (Adams and Imagawa 1962) follow-
ing the discovery on several occasions of ele-
vated antibody titers against measles in some
MS patients, and the detection of the measles
viral genome in the brains of some people suf-
fering from this disease (Haase et al. 1981). The
fact that positive findings have not been found
in all brains and body fluids examined does not
exclude the possibility of an etiological connec-
tion. However, in the case of the measles hy-
pothesis, definitive proof is lacking. If there
were a causal relationship, vaccination against
measles, which has been practiced for over 20
years in the U.S., should lead to a significant
reduction in the incidence of MS in the near fu-
ture. An association between MS and other vi-
ruses, such as rabies, parainfluenza, cyto-
megalovirns, corona, herpes simplex etc., has



been suggested. Some of these have been dis-
missed as artifacts or laboratory infections, and
further extensive research has failed to prove
any connection with others.

A relationship between MS and particular
forms of spirochetes (Spirochaeta myelophthora)
which was postulated by Gabriel Steiner during
more than 50 years of scientific work (Steiner
1931) could not be proved in numerous other
studies. Nevertheless, this theory has recently
received new impetus (Gay and Dick 1986) fol-
lowing the observation of MS-like pictures
in encephalomyelitis caused by borrelia (see
Chapter 11).

Similarly, a prematurely postulated causal re-
lationship between MS and viruses of the
group to which the human immunodeficiency
virus (HIV) belongs (Koprowski et al. 1985) was
refuted in numerous controlled studies.

The observation of perivenous infiltrates of
lymphocytes stimulated great interest in the au-
toimmune theory of MS. It was possible in ani-
mal experiments to induce autoimmune disease
following sensitization to myelin basic protein
(MBP) (Rivers et al. 1933) - the so-called experi-
mental allergic (autoimmune) encephalomye-
litis which, in several respects, is similar to MS

I. Kesselring

(see Chapters 2 and 3). Interest in this has con-
tinued and has been stimulated by numerous
further experiments.

Over the last century, interest in the various
theories concerning the etiology of the disease
has waxed and waned in a way which is remi-
niscent of the course of the clinical signs of the
disease itself. In Chapter 5, an attempt is made
to compile these theories into a hypothesis
which takes account of all the relevant informa-
tion.

It is interesting to read the old literature, and
to compare what was understood about MS
with the state of our knowledge today. Various
conference volumes and review articles made
history when they were published, and have
been consulted by thousands of researchers
over the years. They form the landmarks from
which an overview may be gained of research
past and present, and they contain many dis-
cussions which are worth reading, for example:
the Research Publications of the Association for Re-
search in Nervous and Mental Diseases, Volume 2
(1921) and Volume 28 (1950); Annals of the New
York Academy of Sciences, Volume 122 (1965) and
Volume 436 (1984); Handbook of Clinical Neurol-
ogy, Volume 9 (1970) and Volume 47 (1986).



Pathology and
experimental models

INTRODUCTION

Multiple sclerosis is one of the neurological dis-
eases which were defined relatively early in the
history of medicine. Descriptions of its macro-
scopic pathology first appeared during the 18th
century, and a detailed summary of histological
findings was given by Charcot (1868), whose
basic study of MS can be regarded as the start-
ing point for the intensive research into its clin-
ical features, pathology, and pathogenesis
which followed.

The clinical definition of MS includes a
chronic relapsing or progressive disease course,
and signs and symptoms which suggest the
presence of multifocal lesions in the CNS. Neu-
roimaging, electrophysiology, and laboratory
tests on the cerebrospinal fluid (CSF) may also
help to establish the clinical diagnosis. In neu-
ropathological terms, MS is defined as an in-
flammatory demyelinating disease of the CNS,
which is characterized by chronic perivenous
inflammation, multifocal plaquelike demyelina-
tion, and reactive glial scar formation. It is obvi-
ous that this neuropathological definition not
only includes the typical cases of chronic MS,
but also atypical cases of acute or monophasic
manifestations of this disease. In addition, on
the basis of neuropathology, MS is only one
member of a larger family of diseases, the so-
called inflammatory demyelinating disorders
(Hallervorden 1940; Adams and Kubik 1952).
These diseases may have an acute or chronic
course, they may affect both the central and the
peripheral nervous systems, and they may also
present as transitional forms between the more
clearly defined disease entities (Marburg 1906;
Hallervorden 1940; Adams and Kubik 1952;
Kriicke 1973). For example, combined forms of

acute disseminated or hemorrhagic encepha-
lomyelitis with MS have been described
(Kriicke 1973). In some MS patients, the periph-
eral nervous system may be affected with in-
flammatory demyelination similar to that found
in the lesions of the CNS (Marburg 1906; Jel-
linger 1969; Lassmann et al. 1981a; Lassmann
1983a).

Although such acute and transitional cases
are somewhat atypical, and represent only a
small minority of all MS cases, their rapid pro-
gression and disease activity make them espe-
cially suitable for studies on the mechanisms of
inflammation and demyelination of this dis-
ease. Thus, most of the data presently available
on the pathogenesis of MS are, in fact, derived
from studies of these atypical cases. In time, it
should become apparent to what extent patho-
genic concepts derived from the study of acute
MS cases are truly applicable to chronic mani-
festations of the disease.

THE PLAQUES

The essential lesions of MS are the confluent
demyelinated plaques scattered throughout the
brain and spinal cord (Fig. 2.1). The macro-
scopic and histological appearances of these le-
sions were described in detail at the beginning
of this century (Marburg 1906; Siemerling and
Raecke 1914; Dawson 1916; Hallervorden 1940).
In chronic, inactive MS, the plaques appear
macroscopically as pale-gray, sharply demar-
cated, round to polygonal, frequently confluent
lesions. On the lesional border, fingerlike ex-
tensions which follow the distribution of small
venules can be seen entering the plaque (Daw-
son 1916; Fig. 2.1). Due to the astroglial scar tis-
sue formation, the tissue texture is more dense
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Fig. 2.1. Distribution of plaques in the CNS in active
MS: large confluent demyelinated plaques with reactive
gliosis in periventricular sites, (a) Luxol-fast blue myelin
stain; (b) Kanzler stain for glia scar formation, x 1.)(c)
Diagram of inflammation (points) and demyelinated
areas (shaded) in the areas shown in (a), (d) A similar

in the plaques than in the surrounding tissue.
Although plaques are located in both the white
and gray matter of the brain, the color differ-
ence between myelinated and demyelinated tis-
sue means that they are more clearly visible

diagram of inflammation and demyelination in the oc-
cipital lobe of the same patient. Inflammatory infiltrates
are not restricted to areas of demyelination, but are also
present in high density in the surrounding "normal"
white and gray matter.

without the aid of a microscope in the white
matter.

Histologically, the plaques are characterized
by complete loss of myelin. In most of the le-
sions, oligodendrocytes are also lost, or are at
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least greatly reduced in number. In comparison
to the myelin sheaths, axons are relatively well
preserved in the lesions, although there is fre-
quently some reduction of axonal density with-
in the plaques. A typical feature of chronic inac-
tive lesions is an intense glial scar formation
(Fig. 2.1), characterized by an increased num-
ber of astrocytes and their cell processes, which
are densely packed with glial filaments. These
cells and their processes represent the majority
of the cellular matrix between the demyelinated
axons of the plaques. The myelin sheaths of
nerve fibers which enter a plaque from the nor-
mal white matter terminate at a node of Ran-
vier, whereas the demyelinated axon can be
traced into the demyelinated plaque, in what is
known as segmental demyelination. Nerve fi-
bers with atypically thin myelin sheaths and
short internodal myelin segments are fre-
quently found at the borders of inactive chronic
plaques. These thin myelin sheaths seem to be
the result of a limited degree of remyelination
(see Fig. 2.5).

Besides demyelination, characteristic alter-
ations of medium-sized or larger vessels are
typical in inactive MS plaques. Light micros-
copy shows an intense perivascular fibrosis
(Spielmeyer 1922). Under the electron micro-
scope, the perivascular spaces appear to be
dilated, and the perivascular glial limitans is
separated from the vessel wall by septated con-
nective tissue spaces which in many respects
resemble small lymphatic vessels (Prineas
1979). It has not yet been determined whether
these structures represent true lymphatic drain-
age sites (Prineas 1979), or simply connective
tissue proliferation due to the chronic inflam-
matory process (Lassmann et al. 1981b).

Active MS plaques are different from inactive
lesions in many respects. Macroscopically, ac-
tive lesions are pink (salmon red) and less well
demarcated than inactive ones. In addition, the
active lesions have a soft consistency, possibly
even softer than the surrounding normal brain
tissue. Under the microscope, the characteristic
feature of selective loss of the myelin sheath is
visible. Although axons are relatively preserved
in comparison to myelin, acute changes of axo-
nal degeneration are frequent. The oligo-
dendrocytes are difficult to evaluate, since in le-
sions with extensive inflammatory infiltration,
differentiation between them and inflammatory
cells is only possible with specific markers.
However, as discussed below, the numbers

and structural features of oligodendrocytes
within the lesions may vary in different MS pa-
tients. The tissue in active plaques appears
spongy due to massive edema, and is heavily
infiltrated by macrophages which are loaded
with myelin degradation products (Fig. 2.2). In
between, highly activated polymorphic and bi-
zarre-looking astrocytes are present in the le-
sions, and these may sometimes give rise to di-
agnostic confusion with brain tumors.

Three main criteria are used to separate ac-
tive from inactive lesions: the increased cell
density, the ill-distinct plaque border, and the
presence of macrophages with lipid debris.
However, none of these three criteria is really
reliable. Both the increased cell density due to
inflammation, and the presence of macro-
phages with lipid debris may be present in le-
sions for a long time, possibly up to 6 months
after the initiation of the lesion (Lumsden
1970). Similarly, the indistinct border of a de-
myelinated plaque frequently represents re-
myelination and not active demyelination
(Prineas and Connell 1979; Lassmann 1983a).
Thus, actively demyelinating lesions should be
identified by the presence of initial myelin deg-
radation products in the macrophages (Seitel-
berger 1969; Figs. 2.2 and 2.3).

Apart from the typical MS plaques described
above, other lesions have been described in the
literature.

Shadow plaques

Shadow plaques are mainly found in the brains
of patients with either acute or chronic pro-
gressive MS (Lumsden 1970; Lassmann 1983a;
Prineas 1986). They are similar to other chronic
MS plaques in that they are sharply demarcated
from the surrounding normal white matter.
They are either found at the margin of large de-
myelinated plaques or are present as indepen-
dent lesions (Fig. 2.4). Shadow plaques show a
uniform reduction of myelin density due both
to the presence of unusually thin myelin
sheaths around the axons and to some reduc-
tion in axonal density. Like other chronic MS
plaques, shadow plaques are characterized by
dense astroglial scar formation. In rare in-
stances, the early stages of shadow plaque for-
mation may be associated with signs of ongoing
lesional activity (Lassmann 1983a; Prineas
1986). For many years they were regarded as
incompletely demyelinated lesions (Lumsden
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Fig. 2.2. Actively demyelinating lesions. (a,b) Chronic
MS. The edge of an active lesion shows, in (a), a peri-
vascular inflammatory reaction, with multiple macro-
phages with granular, MBP reactive degradation prod-
ucts in the demyelinated zone and between the
preserved myelinated fibers at the plaque edge (a,b).
(ImmunocytochemistryforMBP; x 320.) (c) An actively
demyelinating lesion in acute MS (Marburg's type).

Fig. 2.3. The borders of demyelinated plaques in differ-
ent stages of demyelinating activity, (a) Acute MS. There
is pronounced active myelin destruction and macro-
phages with early osmiophilic degradation products of
variable size and structure (small granular inclusions ap-
pear adjacent to large, partly vesiculated degradation
products). In the center of the plaque (lower portion of
the figure), there is extensive protoplasmic gliosis and

There are abundant small granular degradation products
in the macrophages, and interfascicular oligodendro-
cytes (arrow) with cytoplasmic edema. (Toluidine blue;
x 800.) (d) An actively demyelinating lesion in chronic
MS. This shows infiltration of macrophages between
axons and myelin (arrow), and extensive protoplasmic
gliosis with multinucleated astrocytes (triangle). (Tolui-
dine blue; x 800.)

edema. (Toluidine blue; x 800.) (b) The edge of an ac-
tively demyelinating lesion in chronic MS. Adjacent to
the normal white matter there are abundant macro-
phages with small granular degradation products (ar-
rows). In the center of the plaque, pronounced fibrillary
gliosis is apparent, together with some scattered macro-
phages with lipid inclusions (triangles). Protoplasmic
gliosis is present in the surrounding white matter (thick



arrows). (Toluidine blue; x 800.) (c) A demyelinating
plaque in chronic MS in a later stage of plaque formation
than in (b). There are multiple macrophages with lipid

inclusions (arrows), and extensive fibrillary gliosis in the
lesions, as well as protoplasmic gliosis in the surround-
ing white matter (thick arrows). (x 600.)
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Fig. 2.4. Remyelination in MS lesions, (a) The edge of a
lesion in acute MS. This shows thin MBP-positive myelin
sheaths and an oligodendrocyte with cytoplasmic ex-
pression of MBP (arrow). (Immunocytochemistry for
MBP; x 800.) (b) A demyelinated lesion in chronic MS.
There are thin MBP-positive myelin sheaths, and an oli-
godendrocyte with cytoplasmic MBP reactivity (arrow).
(Immunocytochemistry with anti-MBP serum; x 800.)
(c) Chronic MS. A perivascular shadow plaque. The let-
ters d, e, f, and g on the figure indicate the sites shown in
detail in Figs, (d) to (g) respectively. (Toluidine blue; x
40.) (d) Edge of the shadow plaque with multiple thin

myelin sheaths. One oligodendrocyte is surrounded by
aberrant myelin (arrow). (Toluidine blue; x 1200.) (e)
The edge of the shadow plaque with abundant, very thin
myelin sheaths together with some normal myelinated
fibers. There is extensive protoplasmic gliosis. (Tolui-
dine blue; x 800.) (0 A more central portion of the
shadow plaque with abundant small islets of thinly my-
elinated nerve fibers, and some macrophages with late
myelin degradation products (arrow). (Toluidine blue;
x 800.) (g) The central portion of the shadow plaque
showing very few islets of thinly myelinated nerve fibers
(arrow). (Toluidine blue; x 800.)
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1970), and it only recently became evident that
their thin myelin sheaths are due to remyelina-
tion rather than to incomplete demyelination
(Lassmann 1983a; Prineas 1986).

Concentric plaques

Another rare lesion which is mainly found in
cases of acute and subacute MS is the so-called
concentric plaque. Concentric plaques can be
the dominant lesions in concentric sclerosis
(Balo 1928), but smaller ones may also be pres-
ent in classical cases of acute or subacute MS.
The lesions are generally located around a cen-
tral blood vessel, and are characterized by alter-
nating rings of myelinated and demyelinated
tissue, giving them the appearance of onion
bulbs. Their pathogenesis is still controversial,
several different mechanisms having been sug-
gested, including vascular factors (Courville
1970), secondary axonal degeneration, and to-
pographical differences in the physicochemical
properties of the extracellular matrix (Haller-
vorden and Spatz 1933). Recent studies suggest
that the myelinated areas of concentric lesions
may be formed by remyelination (Moore et al.
1985).

Destructive plaques

Destructuve plaques may sometimes be found
in severe cases of acute or subacute MS. In
these lesions, the axonal density is greatly re-
duced, and reactive axonal spheroids are fre-
quent in the active stages. In more chronic le-
sions, the texture of the tissue is loose, and the
extracellular space is dilated or filled with a
dense astroglial matrix. In chronic MS, such de-
structive plaques frequently give rise to second-
ary tract degeneration in the brain and spinal
cord.

Plaques with destruction of astrocytes

These are rare lesions in Caucasian MS pa-
tients, but have been found in MS patients in
Japan (Itoyama et al. 1985). They are mainly lo-
cated in the spinal cord. In the center of these
large confluent plaques, astrocytes as well as
myelin and oligodendrocytes are lost. Axons,
however, remain preserved, and can later be
remyelinated by Schwann cells derived from
spinal roots. In the periphery of the lesions, a
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dense glial scar is found in which some de-
myelinated axons are remyelinated by oligo-
dendrocytes.

Although these atypical lesions are rare, and
mainly found in patients with acute and rapidly
progressive MS, their existence suggests that
the pathogenic mechanisms of plaque forma-
tion may be quite variable in different patients.

INFLAMMATION

The most remarkable alterations in the CNS of
MS patients are the demyelinated plaques. It is
therefore not surprising that for many years the
significance of the accompanying inflammatory
reaction was underestimated in the interpreta-
tion of the pathogenesis of the disease. Al-
though early pathological descriptions of MS
emphasized the presence of inflammatory infil-
trates, the question of whether the inflamma-
tory reaction was primary or secondary in na-
ture was only recently addressed in detail in a
large systematic study by Guseo and Jellinger
(1975). They found inflammatory infiltrates in
60% of all cases investigated. Particularly in-
tense inflammation was present in cases with
active demyelination, no inflammatory infil-
trates being found in some patients with long-
standing inactive disease or in patients who
had been treated with massive doses of immu-
nosuppressive agents. Apart from these cases,
very few were found in this series which pre-
sented with active demyelination in the ab-
sence of overt perivenous inflammatory in-
filtrates. Thus, until recently, controversy
remained about whether the inflammatory re-
action is a primary event, leading to demyelina-
tion, or a secondary response to the demyelina-
tive process.

With the advance of modern immunology,
pathogenic theories centered around the in-
flammatory reaction in the brain tissue. Active
phases of the disease are frequently associated
with characteristic fluctuations of T-lymphocyte
subpopulations in the peripheral circulation
(Bach et al. 1980). Neuroimaging studies in MS
patients revealed that disease activity is associ-
ated with blood-brain barrier damage, which
appears to be a result of the inflammatory reac-
tion (Miller et al. 1988a). The most important
evidence comes from experimental studies on
autoimmune encephalomyelitis. As is dis-
cussed in detail below, in these models a T-cell-
mediated inflammatory reaction can lead to in-
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flammatory demyelinating lesions closely re-
sembling those in MS.

With the availability of specific markers for
leukocyte subpopulations, and with the im-
provement in immunocytochemical and elec-
tron microscopic techniques, it became clear
that even when there were low numbers of in-
flammatory infiltrates, there was diffuse in-
flammatory infiltration of the tissue with T-lym-
phocytes and macrophages (Prineas and
Wright 1978; Traugott 1984).

The perivascular inflammatory infiltrates are
mainly composed of T-lymphocytes, which in
actively demyelinating lesions also infiltrate the
parenchyme of the CNS (Traugott et al. 1982;
Nyland et al. 1982; Booss et al. 1983). However,
the infiltration of the tissue with T-lymphocytes
is not restricted to demyelinating lesions, but
can also be found in the surrounding normal
white matter (Booss et al. 1983; Traugott et al.
1983; Traugott 1984; Weiner et al. 1984). Al-
though further characterization of lymphocyte
subsets was attempted in several studies, the
results are so far less clear. Some authors de-
scribed a preponderance of CD4+ (so-called
helper/inducer) cells in active lesions and in the
surrounding white matter, whereas CD8+

(suppressor/cytotoxic) T-cells were concen-
trated in the inactive plaque center (Traugott
1984). Other authors emphasized a dominance
of CD8+ cells throughout the lesions, although
the relative contribution of CD4+ cells was still
thought to be higher in active as compared to
inactive lesions (Booss et al. 1983; Weiner et al.
1984).

Experimental studies on the immune surveil-
lance of the nervous system (Wekerle et al.
1986; Lassmann et al. 1991), as well as the iden-
tification of autoreactive T-lymphocytes in the
blood and CSF of MS patients (Olsson 1992),
point toward a central role for T-cells in the in-
duction of MS lesions. The selective recruit-
ment and local proliferation of T-cells in the le-
sions should thus lead to an oligoclonal
expansion of T-lymphoctyes in the plaques
which can be detected by a restricted hetero-
geneity of T-cell receptor subtypes. In accor-
dance with this concept, a restricted a/0 T-cell
receptor usage in MS plaques was described in
a preliminary study (Oksenberg et al. 1990).
However, these results were not confirmed in a
large subsequent investigation (Wucherpfennig
et al. 1992a), which found not only an unselec-
tive, polyclonal distribution of a/p T-cell recep-
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tor subtypes, but also a different dominance of
T-cell receptor subtypes in different brain le-
sions in a given MS patient. Thus, if autoreac-
tive T-lymphocytes play a role in MS at all, it
may be very difficult to detect them in estab-
lished lesions as they may be masked by a high
number of unspecific, secondary T-cells re-
cruited to the established focus. This interpreta-
tion is in line with recent experimental data
which showed that the pool of antigen-reactive
T-cells in established lesions of autoimmune
encephalomyelitis is small (Fallis et al. 1987).

However, the further characterization of in-
flammatory cells in MS lesions led to an unex-
pected finding. A surprisingly high proportion
of T-lymphocytes with 8 T-cell receptors was
found within the plaques. Gamma/delta T-cells
appear to form a first, and relatively unspecific,
barrier against bacteria in mucous membranes
(Kaufmann 1990). A considerable proportion of
these cells is directed against stress proteins,
which are highly conserved during evolution
and present in nearly identical form in bacteria,
animals, and humans. Stress proteins are syn-
thesized in inflammatory lesions, and can be
detected in inflammatory cells and glia cells in
MS lesions (Selmaj et al. 1991a; Wucherpfennig
et al. 1992b). In-vitro studies showed that the
•y/8 cells which are directed against the stress
proteins hsp 65 and 70 preferentially kill oligo-
dendrocytes and the infiltration of MS lesions
with -y/8 T-lymphocytes may therefore repre-
sent an amplification mechanism by which the
tissue damage occurring during the course of
an inflammatory reaction is potentiated by au-
toimmune reactions directed against endoge-
nous stress proteins. The preferential cytotox-
icity of this reaction against oligodendrocytes
may partly be responsible for demyelination in
MS plaques.

The majority of inflammatory cells in active
MS lesions are activated macrophages (Trau-
gott et al. 1983; Woodroofe et al. 1986) which
are highly expressive for Fc-7 receptors and
Class II histocompatibility antigens. In addi-
tion, located particularly in the perivascular
spaces are plasma cells which mainly produce
IgG and less IgM and IgA (Esiri 1977; Mussini et
al. 1977; Budka et al. 1985). These plasma cells
appear to be responsible for the intrathecal im-
munoglobulin synthesis which can be detected
in the CSF and which is a characteristic feature
of chronic MS.

An interesting aspect of the inflammatory re-



Pathology and experimental models

action in MS is the distribution of cytokines in
the lesions. Interleukin 1 (IL-1) was mainly
found in areas of active demyelination. Cells
with IL-2 receptors, as well as IL-2 itself, were
found in the center of demyelinated plaques
and in perivascular infiltrates (Hofman et al.
1986; Woodroofe et al. 1986). Interferon alpha
(IFN-a) was found in macrophages, whereas
IFN-7 was reported to be expressed in lympho-
cytes, astrocytes, and microglia (Traugott and
Lebon 1988). Lymphotoxin was seen in T-lym-
phocytes and microglia, and tumor necrosis
factor alpha (TNF-a) in macrophages and astro-
cytes (Selmaj et al. 1991b). However, these data
have to be interpreted cautiously, since immu-
nocytochemistry for cytokines is hampered by
serious technical problems. More recently,
mRNA for IL-1, IL-2, and IL-4 has been de-
tected in active MS lesions by the polymerase
chain reaction. Macrophages in the lesions also
contained prostaglandin E (PGE) (Hofman et al.
1986). Overall, the data on cytokines in MS le-
sions are in agreement with the concept that a
T-cell-mediated inflammatory reaction is essen-
tial in the pathogenesis of the lesions.

A key question in the pathogenesis of inflam-
matory demyelinating diseases is: how do in-
flammatory cells pass the blood-brain barrier
and reach their target tissue? Specific antigen
recognition at the luminal surface of brain en-
dothelial cells appears to play only a marginal
role in brain inflammation, if at all. In the nor-
mal CNS there is no expression of Class II histo-
compatibility antigens on the luminal surface of
endothelial cells (Vass et al. 1986). In addition,
the transport of autoantigens from the brain
into the circulation through the blood-brain
barrier appears to be even more restricted than
the transport from the blood into the CNS tis-
sue (Broadwell 1989). Activated T-lymphocytes
can pass the normal blood-brain barrier in an
antigen-independent manner (Wekerle et al.
1986; Hickey et al. 1991). More recent studies
suggest that adhesion molecules are essential in
the migration of leukocytes through the vessel
wall (Shimizu et al. 1992). Adhesion of leuko-
cytes on normal brain endothelial cells is poor;
it can, however, be improved by exposure of
endothelial cells to various cytokines (Male et
al. 1990a; 1990b). Under normal conditions, ce-
rebral endothelial cells express adhesion mole-
cules such as ICAM 1, ICAM 2, LFA 3, CD44,
and CD9 at low levels. In inflammatory lesions,
the expression of these adhesion molecules is
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increased, and new adhesion molecules are in-
duced which are normally found only at spe-
cific sites of the vasculature (Sobel et al. 1990;
Raine et al. 1990; Wilcox et al. 1990; Lassmann
et al. 1991; Rossler et al. 1992). The interaction
between VCAM, expressed on endothelial
cells, and VLA 4, expressed on leukocytes, ap-
pears to play a special role in the recruitment of
leukocytes to inflammatory brain lesions. A
specific blockade of this interaction by mono-
clonal antibodies may prevent inflammation in
autoimmune encephalitis (Yednock et al. 1992).

An important aspect of T-cell-mediated in-
flammation is the location at which antigen is
recognized by T-lymphocytes in the lesions.
T-lymphocytes recognize their antigen only
when presented in the context of histocom-
patibility antigens. Whereas the expression of
Class I histocompatibility antigens in the CNS
is widespread, the expression of Class II anti-
gens is more restricted (Vass et al. 1990). In MS
lesions, Class II histocompatibility antigens are
mainly found within the lesions and in their im-
mediate vicinity (Woodroofe et al. 1986). The
results of some light microscope studies sug-
gest that these antigens may be present on the
surface of astrocytes in the lesions (Traugott et
al. 1985; Hofman et al. 1986; Woodroofe et al.
1986). This finding, together with observations
on the presence of interferons (Traugott and
Lebon 1988) and TNF-a (Selmaj et al. 1991b) in
astrocytes, suggests that these cells may play
an important role in the propagation of the le-
sions.

PATHOLOGY OF THE NERVOUS SYSTEM
OUTSIDE THE PLAQUES

Although most of the studies on the pathology
of MS concentrated on changes within the de-
myelinated plaques, it recently became clear
that the normal white and gray matter outside
the plaques is also affected. In biochemical
studies, changes were found in the normal
white matter with respect to the composition of
myelin and an increase in the activity of pro-
teolytic enzymes (Allen and McKeown 1979).
These changes were partly interpreted as evi-
dence of a generalized defect in myelin in MS
patients.

However, microscopic demyelinated lesions
are frequently present in macroscopically nor-
mal tissue. Such lesions alone can explain bio-
chemical alterations in myelin in these areas.
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Furthermore, the MS brain contains changes
which are secondary to the presence of de-
myelinated plaques. These changes have been
categorized as MS encephalopathy, and are
mainly present in patients with longstanding
severe disease Qellinger 1969; Seitelberger
1973). They include secondary Wallerian de-
generation due to axonal loss in plaques, chron-
ic edema, and brain alterations induced by the
poor general health of the patients, for example
malnutrition, chronic infections, or uremia.

Wallerian degeneration in MS is due to axo-
nal damage in demyelinated plaques which
may be quite variable from case to case. In se-
vere cases, it may lead to degeneration of long
ascending and descending tracts as well as to a
diffuse reduction in the volume of brain white
matter. This may finally result in severe brain
atrophy, with dilatation of the ventricles and
the subarachnoid space.

An additional factor which may damage the
nervous tissue outside the plaques appears to
be the chronic inflammatory process itself (see
Fig. 2.1). This leads to chronic disturbance of
blood-brain barrier function, and to direct toxic
effects of inflammatory mediators. Both a direct
effect of certain cytokines as well as chronic
edema can stimulate astrocytes, and thus result
in scar formation.

DISTRIBUTION OF PLAQUES IN THE
NERVOUS SYSTEM

A characteristic feature of MS pathology is the
disseminated distribution of demyelinated le-
sions throughout the brain and spinal cord. Al-
though plaques may appear at random in any
areas of the CNS, certain predilection sites for
plaque formation have been described (Steiner
1931; Hallervorden 1940; Fog 1950; Lumsden
1970; Oppenheimer 1978). In the brain, these
sites include the periventricular white matter,
especially at the lateral angle of the cerebral
ventricles (see Fig. 2.1). Other areas with a high
incidence of demyelinated lesions are the optic
system (optic nerves and chiasm), the cerebel-
lar peduncles, the cerebellar white matter, and
the cortico-subcortical junction, particularly in
cortical sulci. Within the spinal cord, the lesions
are concentrated in the cervical portions, lo-
cated mainly in the lateral columns (Fog 1950;
Oppenheimer 1978).

The topographical distribution of plaques can
be partly explained by the distribution of post-
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capillary venules in the CNS. Since MS lesions
in general arise around a central vein, the prob-
ability of an initial inflammatory focus is greater
in areas with a high density of postcapillary
drainage veins. In addition, however, the con-
centration of MS plaques at the inner or outer
surfaces of the brain and spinal cord suggests
that additional factors derived from the CSF
may precipitate the lesions.

An additional indication that blood-brain
barrier damage may facilitate the formation of
plaques comes from observations that de-
myelination in MS may occur at sites of brain
damage which are unrelated to the disease. Al-
though a combination of MS with other brain
diseases is rare (Jellinger 1969), demyelinated
plaques can sometimes be found around small
infarcts or vascular malformations.

A dogma of clinical neurology is that MS is a
disease which is specific to the CNS. When le-
sions in the peripheral nervous system are
found, the diagnosis of MS is questioned. This
is justified in typical chronic MS, where patho-
logical changes of the peripheral nervous sys-
tem are mainly due to secondary axonal degen-
eration resulting from destructive spinal cord
lesions or may reflect neuropathies in the
course of metabolic disturbances or malnutri-
tion (Hasson et al. 1958). In rare instances,
however, primary demyelinahon can be found
in the peripheral nervous system of chronic MS
patients.

The situation is different in Marburg's type of
acute MS. In this disease, primary inflamma-
tory demyelination in the peripheral nervous
system is common (Marburg 1906; Lassmann et
al. 1981a; Lassmann 1983a). Although, due to
the small number of cases described, a clear in-
cidence figure cannot be given, it has to be con-
sidered that in Marburg's original description,
all patients with acute MS showed peripheral
nervous system involvement. Thus the pres-
ence of inflammatory demyelination in the pe-
ripheral nervous system does not rule out a di-
agnosis of MS.

DEVELOPMENT OF PLAQUES

In spite of many years of research, our under-
standing of the development of plaques in MS
is still incomplete. There are several reasons for
this.

Actively demyelinating lesions are rare in au-
topsy material from patients with chronic MS.
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Thus most of the published data are taken from
the study of active lesions from patients with
acute, subacute, or atypical MS. It is not yet
proven whether the pathogenesis of demyelin-
ation is the same in acute and chronic MS.

Furthermore, biochemical and immunologi-
cal studies of active MS lesions are hampered
by the difficulty of identifying such lesions
macroscopically, and there are no biochemical
markers available which allow the identification
of the early stages of demyelination. Thus, the
interpretation of the immunological findings in
MS lesions is to a large extent based on analogy
with experimental models of the disease, an ap-
proach which has not been proved to be justi-
fied.

There is little doubt that in inactive plaques of
chronic MS, myelin and the large majority of
oligodendrocytes are destroyed, whereas axons
and nerve cells are relatively preserved. Such
selective damage to the nervous tissue can be
induced by several different mechanisms
(Wisniewski 1977).

a. Primary damage of myelin sheaths may be
followed by secondary degeneration of oli-
godendrocytes.

b. Myelin and oligodendrocytes may be dam-
aged simultaneously in the course of plaque
formation.

c. A primary cytolytic affection of oligo-
dendrocytes may lead to secondary myelin
destruction.

The clarification of these points is central to
the understanding of the pathogenesis of MS.

Myelin

The alterations in myelin sheaths in active le-
sions were described in detail during the first
decades of this century. In the plaques, myelin
sheaths are selectively destroyed, and axons
are relatively well preserved (Figs. 2.2 and 2.5).
In actively demyelinating lesions, the myelin
sheaths appear thin, with irregular pale-stain-
ing properties, or they may be transformed into
small, granular degradation products (Marburg
1906; see also Figs. 2.2 and 2.3). In the early
studies, an irregular destruction of the myelin
sheath was described, which starts focally at
any point in the internodium and then extends
along the entire myelin segment (Marburg
1906). In addition, close contact between mac-
rophages ("gitter cells") and the damaged my-
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elin sheath, as well as the uptake of myelin
fragments into macrophages were described
early in the history of MS research (Babinski
1885). Further details of the patterns of de-
myelination were discovered using electron mi-
croscopic techniques.

Two different patterns of myelin destruction
have been described. The first consists of an in-
teraction of phagocytic cells with the myelin
sheaths (Prineas and Connell 1978; Prineas
1986). These cells then take up small fragments
of myelin. Contact between myelin and macro-
phages is frequently established through
"coated pits," and myelin degradation products
can then be found in macrophages in "coated
vesicles." A similar pattern of phagocytosis is
found in receptor-mediated uptake of macro-
molecules (Goldstein et al. 1979), and has also
been described in the course of the pha-
gocytosis of particulated immune complexes
(Montesano et al. 1983; Mellman and Plutner
1984). This sequence of demyelination may
thus suggest that myelin, opsonized by specific
antibodies, is attacked by macrophages in the
course of demyelination (Prineas 1986).

In less common instances, especially in cases
where the inflammatory reaction is extensive
and severe, an invasion of macrophages into
myelin sheaths can be seen (Prineas and Raine
1976; Lassmann 1983a; 1983b), a mechanism
which is similar to the "myelin stripping" ob-
served in experimental autoimmune encepha-
lomyelitis (see Fig. 2.2d). In addition, in acute
cases with very severe inflammation, myelin
sheaths may be transformed completely into
vesicular material - "vesicular disruption of
myelin" (Lassmann 1983a). It is not clear
whether this vesicular transformation is a genu-
ine pattern of demyelination or is mediated by
autolysis of predamaged myelin sheaths. Fur-
thermore, in some cases alterations in oligo-
dendrocyte processes, described as "dying back
oligodendrogliopathy" have been observed,
that indicate a primary affection of oligo-
dendrogenesis in the pathogenesis of de-
myelination (Rodriguez et al. 1993).

The myelin fragments which are taken up in
macrophages are degraded within these cells to
cholesterol esters and triglycerides (Seitelberger
1969). The earliest degradation products are
small granular cytoplasmic inclusions in macro-
phages which have the same histochemical and
immunocytochemical staining patterns as nor-
mal myelin (see Figs. 2.2 and 2.3). Under the
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Fig. 2.5. Remyelination in MS. (a) The border of an ac-
tively demyelinating lesion in acute MS (Marburg's
type). A longitudinal section through a demyelinated
axon with two small segments of very thin myelin
sheaths (arrows), and several axonal spheroids (triangle).
(Toluidine blue; x 1500.) (b) An actively demyelinating
lesion in chronic MS showing a remyelinated axon with

very thin myelin sheaths and widened node of Ranvier
(arrows). (Toluidine blue; x 1500.) (c,d) Central areas
of an actively demyelinating lesion in acute MS with
small clusters of remyelinated nerve fibers (arrows), and
some axonal spheroids (triangles). (Toluidine blue; x
800.)
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electron microscope, the degradation products
can be seen to be built up by lamellated my-
elinlike inclusions. The initial chemical degra-
dation of these inclusions can be visualized by
the positive Marchi or OTAN reaction, which
suggests an increase in hydrophobicity of the
material compared to normal myelin (Hallpike
and Adams 1969). The presence of these early
myelin degradation products is at present the
safest criterion for the identification of actively
demyelinating plaques in MS (Lassmann 1983a;
Prineas 1986). In later stages, the myelin degra-
dation products are transformed into neutral
lipid droplets (see Fig. 2.3) and some PAS-posi-
tive intracytoplasmic granules with a poly-
morphic ultrastructural appearance (Prineas
1975) which are removed from the tissue very
slowly, and can be found within the lesions up
to 6 months after plaque formation.

In actively demyelinating lesions, the macro-
phages are concentrated at sites where myelin
sheaths are in the process of destruction
(Seitelberger 1969; Prineas and Wright 1978;
Hofman et al. 1986). In later stages, debris-con-
taining phagocytes accumulate in the peri-
vascular spaces (see Fig. 2.3). In spinal plaques
which are touching the surface of the cord, de-
bris-containing macrophages also drain into the
CSF (Marburg 1906).

The vast majority of myelin degradation
products are found in macrophages ("gitter
cells"). In addition, however, debris may also
be present in astrocytes in the form of small os-
miophilic inclusions (Marburg 1906). Myelin
degradation in astrocytes has been shown in
vitro (Raine and Bornstein 1970b), in Wallerian
degeneration, and in autoimmune encepha-
lomyelitis (Lassmann 1983a). The conditions
which stimulate astrocytes to become phago-
cytic cells in certain MS lesions are undefined.

Oligodendrocytes

Although in completely demyelinated, inactive
plaques of chronic MS the population of oligo-
dendrocytes is greatly reduced, or even com-
pletely lost (Prineas 1986), in the periphery of
such lesions a variable number of oligo-
dendrocytes is present which are engaged in
the remyelination of nerve fibers (Prineas and
Connell 1979; see also Fig. 2.5). It is, however,
not clear whether these oligodendrocytes were
preserved during the demyelinating process or
whether they were recruited from a reserve
pool of undifferentiated precursor cells.
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In early ultrastructural studies, alterations in
oligodendrocytes were described which mainly
consisted of cellular edema, shrinkage of cyto-
plasm, condensation of the nuclei, and defects
in cell membranes. However, it was difficult to
differentiate these cells from the degenerating
inflammatory cells which are frequently en-
countered in active MS lesions. Sometimes oli-
godendrocytes can be found embedded in the
cytoplasm of other cells, in particular of astro-
cytes (Prineas 1986). However, in spite of com-
plete demyelination, oligodendrocytes may be
preserved either at the plaque edge (Raine et al.
1981) or even in the center of the lesions (Briick
et al. 1994; see also Figs. 2.2 and 2.4).

Additional evidence which argues against a
primary affection of oligodendrocytes comes
from the comparison of MS lesions with those
formed in disease with primary viral infection
of oligodendrocytes. In progressive multifocal
leukoencephalopathy (PML), the lesions are
formed by the confluence of small demyelin-
ated areas which correspond to the myelin ter-
ritories of single oligodendrocytes. This gives
the lesion a microscopic appearance reminis-
cent of moth-eaten tissues. Such lesions are
fundamentally different from MS plaques,
which are sharply demarcated from the normal
white matter and are not associated with oligo-
dendrocyte territories.

These data, taken together, indicate that at
least in the majority of MS cases, the myelin
sheath is the primary target of the destructive
process, whereas oligodendrocytes may simul-
taneously or secondarily be affected in the
course of myelin destruction. This interpreta-
tion is challenged by the observation of a dis-
proportionately greater loss of myelin-associ-
ated glycoprotein (MAG) in comparison with
other myelin proteins in MS lesions. Since
MAG is mainly located in peripheral oligo-
dendrocyte processes, these data were inter-
preted as an indication of primary oligo-
dendrocyte dystrophy in MS lesions (Itoyama
et al. 1980). Similar changes were also found in
PML, which was taken as a model disease for
primary virus-induced damage to oligodendro-
cytes, but were absent in the demyelinating le-
sions induced in the course of autoimmune en-
cephalomyelitis. The experimental proof that
oligodendroglia damage is a cause of the prefer-
ential loss of MAG is still missing. Furthermore,
in experimental models of oligodendrocyte in-
fection and virus-induced demyelination, a dis-
proportionate loss of MAG was not found
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(Vandevelde et al. 1983; Dal Canto and Barbano
1985). Similarly, the preferential loss of MAG
was not present in MS plaques obtained from
early autopsies with excellent tissue preserva-
tion (Prineas et al. 1984). Thus the extent to
which minor myelin proteins such as MAG
may be degraded more quickly than major my-
elin components in autopsy tissue has to re-
main unresolved.

With the availability of new markers and the
development of new technologies, the fate of
oligodendrocytes in MS lesions has again been
addressed in recent studies. In some cases, evi-
dence has been provided that oligodendrocytes
may be completely destroyed in active lesions,
but that new ones may be rapidly recruited
from a pool of undifferentiated precursor cells
(Prineas et al. 1989). The extent of remyelina-
tion appears to be partly determined by the
availability of such precursors. In experimental
systems, repeated demyelination and oligo-
dendrocyte destruction within the same lesions
may deplete this precursor pool and may lead
to the establishment of persistently demyeli-
nated plaques without remyelination (Ludwin
1980; Linington et al. 1992a). Other studies,
however, led to different conclusions. The pres-
ervation of oligodendrocytes was described in
early active lesions, and the cells were then lost
at later stages in the formation of persistently
demyelinated plaques (Selmaj et al. 1991a).

These somewhat conflicting results from dif-
ferent studies into the fate of oligodendrocytes
in MS lesions may also be explained by an in-
herent variability in the development of
plaques in different patients. In our own mate-
rial, we found evidence for oligodendrocyte de-
struction together with a limited remyelination
through precursor cells mainly in cases of
chronic MS. In patients with very short disease
duration, on the other hand, the majority of oli-
godendrocytes were preserved in the lesions,
and rapid and complete remyelination was
found throughout them (Lassmann 1983a; Bruck
et al. 1994; Ozawa et al. 1994). These data indi-
cate that the mechanisms leading to demyelin-
ation may differ in patients with short- and long-
standing disease duration (see also Chapter 5).

Astroglia

It is now well established that the alterations of
astrocytes in MS lesions represent, at least in
part, a secondary reaction to demyelination and
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tissue damage. In chronic MS lesions, astro-
cytes are moderately increased in number, and
provide a network of processes which are
densely packed with glial fibrils. These cell pro-
cesses form a dense glial scar, in which de-
myelinated axons are embedded (see Fig. 2.3).

In active lesions, especially in cases of short
disease duration, a protoplasmic glia reaction is
mainly encountered (Field et al. 1962). The as-
trocytes appear as large, polymorphic cells with
abundant cytoplasm, and may be multinucle-
ated (see Fig. 2.2d). This pronounced astroglia
reaction may sometimes imitate the pathology
of a low-grade astrocytoma. However, the inci-
dence of gliomas in MS patients is no higher
than in members of a control population
(Lumsden 1970).

Since alterations to the astrocytes similar to
those described above can be found in a variety
of other CNS diseases, they can be interpreted
as a secondary reaction to tissue injury. There
are, however, some aspects which may indicate
an additional affection of astrocytes related to
the immunological disease process. At the
plaque edges of established lesions, the glia re-
action may be found to extend a considerable
distance into the surrounding normal white
matter (see Fig. 2.3b, c), and may even be
found in areas devoid of demyelination or sec-
ondary Wallerian degeneration (Allen and
McKeown 1979). In addition, the increased ac-
tivity of proteolytic enzymes found in the nor-
mal white matter of MS patients may be associ-
ated with increased lysosomal activation in
astrocytes (Allen and McKeown 1979; Allen
1983). This general activation of astrocytes may
be partly explained by the inflammatory reac-
tion, since certain inflammatory cytokines may
activate astrocytes (Fontana et al. 1980).

Another factor which points toward an im-
munological role of astrocytes in the lesions is
the expression of histocompatibility antigens.
T-cells recognize their antigens only when they
are presented in the context of histocom-
patibility antigens (MHC antigens). Class I
MHC antigens (HLA-A, B and C) are recog-
nized by CD8+ cells, whereas Class II MHC
(HLA-D) positive cells present antigen to CD4+

cells. Thus the presence of MHC antigen ex-
pression identifies cells as being capable of acti-
vating T-lymphocytes. Whereas Class I MHC
antigens may be expressed by virtually all cells
of the nervous system after stimulation with
certain cytokines such as IFN--y, the distribu-
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tion of Class IIMHC antigens is more restricted
(Wong et al. 1984; Fontana et al. 1984).

In MS lesions, the expression of Class II anti-
gens on astrocytes has been described in sever-
al studies (Traugott et al. 1985; Hofman et al.
1986; Woodroofe et al. 1986), performed on fro-
zen sections. Class II MHC-positive astrocytes
were identified by immunocytochemistry in-
volving antibodies against glial fibrillary acidic
protein (GFAP). Quantitative evaluation re-
vealed that up to 50% of Class II positive cells at
the border of actively demyelinating lesions
may indeed represent astrocytes (Hofman et al.
1986). However, an unequivocal identification
of Class II MHC expression on astrocytes is
only possible using immune electron micro-
scopic techniques, and convincing evidence on
this topic is still not available. Furthermore, it
appears that the contribution of microglia to
Class II MHC expression was underestimated
in these studies.

As has already been mentioned, in some MS
cases, especially in Japanese patients, lesions
can sometimes be found which are associated
with the loss and derangement of astrocytes
(Itoyama et al. 1985). Such plaques were found
in the spinal cord, and were characterized by
the loss of GFAP-positive cells and of myelin
and oligodendrocytes. No information is yet
available concerning the patterns of such tissue
damage during the stage of active demyelina-
tion. However, similar lesions can be found in
certain experimental models of autoimmune
encephalomyelitis (Lassmann et al. 1980) in
which the destruction of astrocytes is associ-
ated with extensive expression of Class II MHC
antigens on virtually all cellular elements. In
line with this observation, it has been shown in
vitro that encephalitogenic, autoreactive T-lym-
phocytes may not only be activated by astro-
cytes, but may also destroy these cells in the
course of antigen presentation (Sun and
Wekerle 1986).

Axons and nerve cells

Whereas myelin sheaths and oligodendrocytes
are destroyed in MS plaques, the axons and
nerve cells remain preserved. However, as was
pointed out in early studies on MS pathology
(Marburg 1906), the sparing of axons is relative.
A variable degree of axonal loss occurs in any
chronic MS lesion. In actively demyelinating
plaques, especially in severe cases of acute and
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subacute MS, acute axonal damage and reactive
alterations in preserved axons, such as spher-
oids, are common findings (see Fig. 2.5a and c).

The consequences of axonal damage in the
plaques may interfere with staging and patho-
genic interpretation of the lesions. At the bor-
der of inactive demyelinated plaques, large
globular myelin degradation products are fre-
quently found which result from ongoing Wal-
lerian degeneration, and which may simulate
immunological activity in the lesions. Immu-
nological studies on such lesions may lead to
incorrect pathogenic conclusions. In addition,
Wallerian degeneration at plaque edges may
give rise to shadow plaque areas, which may
make it difficult to evaluate the extent of re-
myelination.

As discussed above, axonal destruction in
large plaques may lead to extensive secondary
tract degeneration, especially prominent in the
brainstem and spinal cord.

Nerve cell alterations have sometimes been
described in MS lesions which mainly consist of
"central chromatolysis," as a reaction to axonal
damage, as well as increased accumulation of
lipopigment. Overall, these changes appear to
be secondary to the axonal damage. In single
instances, acute destruction of nerve cells and
neuronophagia have been described (Fraenkel
and Jakob 1913). The relation of these changes
to the underlying disease is not clear.

Remyelination

The first indication that remyelination may take
place in MS came from Otto Marburg (1906),
who described the appearance of extremely
thin myelin sheaths in demyelinated plaques
which were only visible following osmic acid
impregnation. As one possible explanation for
these changes, Marburg (1906) suggested they
may represent an attempt at remyelination.
These early observations were ignored during
the following years.

In the early 1960s, the presence of remyelina-
tion was proven in certain experimental models
(Bunge et al. 1961; Lampert 1965), and the char-
acteristic morphological patterns of remyelinat-
ing nerve fibers have subsequently been de-
fined (Blakemore 1976; Ludwin 1978). The
alterations - the abnormally thin myelin
sheaths, the shortened internodes, the pres-
ence of extremely short myelin segments, and
the widening of the nodes of Ranvier - can also
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be unequivocally identified in MS lesions (Su-
zuki et al. 1969; Prineas and Connell 1979;
Prineas 1986; see also Figs. 2.4 and 2.5). They
were found to be present in variable degree in
nearly all MS plaques at the border with the
normal white matter. In addition, similar
changes have been seen throughout entire
shadow plaques (Lassmann 1983a; Prineas
1986; see also Fig. 2.4). The first description of
shadow plaques came from Hermann Schles-
inger (1909), who interpreted these changes as
incomplete demyelination. Recent studies,
however, suggest that even large confluent de-
myelinated plaques can eventually become
completely remyelinated (Lassmann 1983a;
Prineas 1986; Prineas et al. 1993a). Similarly, ev-
idence for remyelination was found in the my-
elinated areas in a case of Balo's concentric scle-
rosis (Moore et al. 1985), but this finding was
not confirmed in a subsequent study on a larger
series of cases (Yao et al. 1994).

Controversy remains concerning the deriva-
tion of the oligodendrocytes which are respon-
sible for remyelination in MS. A proportion of
oligodendrocytes may survive the active de-
myelinating episode, and may then be available
for remyelination (Lassmann 1983a). A signifi-
cant proportion of mature oligodendrocytes can
be found in MS plaques at the earliest stages of
demyelination (Bruck et al. 1994). Furthermore,
myelin oligodendrocyte glycoprotein is abun-
dantly expressed in oligodendrocytes in such
lesions. During development, this antigen ap-
pears very late in the course of myelination,
and is absent from undifferentiated oligoden-
drocyte precursors (Bruck et al. 1994). Alter-
natively, oligodendrocytes may be completely
destroyed, and remyelinating oligodendrocytes
may then be recruited by the proliferation of
cells at the lesional border or from undifferenti-
ated precursors (Prineas 1986; Prineas et al.
1989). The recruitment of precursors and the
ability of mature oligodendrocytes to proliferate
are suggested from experimental models of de-
myelination (Ludwin 1978; 1980; 1984). Multi-
ple demyelinating episodes in the same lesions,
which have recently been shown to occur in MS
(Prineas et al. 1993b), may then deplete the
pool of precursor cells which are available for
remyelination.

Recent evidence from our laboratory sug-
gests that both mechanisms may be operating
in MS. The extent of oligodendrocyte destruc-
tion in the demyelinated plaques was found to
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be very similar in different plaques from the
same patient, and was independent of lesional
activity. However, there was extreme vari-
ability in oligodendrocyte loss in different pa-
tients, ranging from nearly complete preserva-
tion to total loss (Bruck et al. 1994; Ozawa et al.,
1994). Thus, depending on the patients stud-
ied, remyelination may occur either from pre-
served oligodendrocytes or through the recruit-
ment of undifferentiated precursor cells.

It is thus generally agreed that remyelination
may occur in MS, although to what extent it
contributes to clinical recovery from the disease
remains unresolved. To address this point, sev-
eral questions have to be answered.

a. What is the extent of remyelination in MS
plaques?

b. Are there differences in the extent of re-
myelination in different MS patients?

c. What is the time course of remyelination?
d. Does remyelination in MS restore the elec-

trophysiological functions of nerve fibers?

Although we are still far from definite an-
swers to these questions, several interesting as-
pects have emerged during recent years.

The extent of remyelination in chronic MS
plaques in general is small; it is mostly re-
stricted to a zone of less than 1 mm at the
plaque edge. As suggested from experimental
data, both the oligodendrocytes and their pre-
cursors appear to be lost completely in such le-
sions (Ludwin 1980). In addition, the extensive
glial scar formation appears to impede in-
growth of oligodendrocytes from the periphery
(Raine and Bornstein 1970a). Intrathecally pro-
duced demyelinating and myelination-inhibit-
ing antibodies may further impede the repair
process (Lassmann 1983a). In some cases,
mostly in acute but sometimes even in chronic
MS of long duration, large shadow plaques
may be present in high numbers, suggesting
that, under as yet undefined conditions, large
confluent plaques may be repaired.

Contrary to previous expectations, it turned
out that in acute, rapidly progressive MS, re-
myelination is more abundant than in the typi-
cal chronic disease variants (Lassmann 1983a).
In such acute cases, signs of remyelination may
be found adjacent to areas of active demyelina-
tion. Furthermore, shadow plaques are more
frequent in acute than in chronic MS (Lass-
mann 1983a; Prineas 1986).

The speed of remyelination also appears to
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be different in acute and chronic MS (Lassmann
1983a). The finding that remyelination may fre-
quently be found adjacent to active demyelina-
tion in the lesions of acute and subacute MS
may be interpreted as evidence of recurrent de-
myelination in remyelinated areas (Prineas et
al. 1993b). However, in experimental models of
demyelination, it is not uncommon to find re-
myelination commencing within a few days of
the onset of the demyelinating event. In con-
trast, in cases of chronic MS, remyelination, if
present at all, is generally restricted to inactive
plaques and is absent in actively demyelinating
lesions. There, remyelination appears to start
much later in the course of lesion evolution.

Although it has been shown in experimental
models of demyelination that even incomplete
remyelination may re-establish the electro-
physiological function (Lidsky et al. 1980; Wis-
niewski et al. 1982), evidence for remyelination
as a factor of functional repair in MS is still lack-
ing.

A special form of remyelination is found in
the spinal cord of MS patients. In these areas,
ingrowth of Schwann cells into the demyeli-
nated plaques may occur with subsequent re-
myelination with peripheral myelin (Feigin and
Ogata 1971; Ghatak et al. 1974). Because of its
different chemical and antigenic composition,
this peripheral myelin is easily detected by his-
tochemical and immunocytochemical tech-
niques. Small islands of peripheral myelin are
frequently found in the spinal MS plaques.
Large confluent lesions which are completely
remyelinated by Schwann cells are found in
rare instances (Itoyama et al. 1985).

Experimental studies suggest that the in-
growth of Schwann cells with subsequent pe-
ripheral remyelination of central tracts is only
possible when the astroglia population is se-
verely impaired or destroyed during the active
stage of demyelination (Blakemore 1976; Raine
et al. 1978; Lassmann et al. 1980).

EXPERIMENTAL MODELS

Pathogenically oriented disease research into
neurological disorders is difficult due to the
limited accessibility of the nervous system tis-
sue. Thus experimental models are especially
important for our understanding of brain dis-
eases. Indeed, many questions concerning the
pathology and pathogenesis of MS in humans
have only been addressed after similar phe-
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nomena have been described in experimental
systems.

Depending on the questions asked, two dif-
ferent classes of experimental models have
proved to be useful for MS research.

a. General models of the mechanisms of de-
generation and regeneration in the nervous
system, and of the mechanisms of de-
myelination and glial scar formation. Al-
though these models might be quite differ-
ent from MS itself, they have contributed
considerably to our understanding of how
myelin can be destroyed, how the brain tis-
sue reacts to myelin destruction, and to
what extent remyelination can occur.

b. Disease-specific models are designed to re-
semble closely the clinical course, the pa-
thology, and the immunological features of
MS. These models are thus suitable for the
direct investigation of the pathogenesis of
the disease, and for testing possible new
therapeutic strategies.

The following discussion is restricted to the
second class of experimental models.

Experimental autoimmune encephalomyelitis

In 1933, Rivers and his coworkers were able to
show that the immunization of susceptible ani-
mals with brain tissue may induce an acute or
chronic encephalomyelitis which, depending
on the model studied, may be associated with
extensive primary demyelination in the CNS. A
disease which closely resembles acute MS was
also observed in humans after autosensitization
with CNS tissue (Seitelberger et al. 1958), or af-
ter immunization with rabies vaccine which
contained remnants of brain tissue (Uchimura
and Shiraki 1957). Depending on the immu-
nized animal species and the model of sensit-
ization, different courses of experimental auto-
immune encephalomyelitis (EAE) can be
observed.

The acute autoimmune encephalitis is the
most simple and reproducible EAE model. Ani-
mals are sensitized with a single dose of CNS
antigen together with adjuvant. The disease
starts between the 8th and 15th day after im-
munization, and takes an acute monophasic
course. Pathology is dominated by intense
brain inflammation (Alvord 1970). Demyelina-
tion is only present in the late stages after dis-
ease onset (12 to 20 days after sensitization),
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and is restricted to small perivenous areas. Dur-
ing the following days, the inflammatory reac-
tion subsides and the demyelinated fibers re-
myelinate completely. This disease pattern
closely resembles that found in human acute
disseminated leukoencephalomyelitis.

Hyperacute autoimmune encephalitis can be
induced in specially sensitive animal strains
with the use of a potent adjuvant such as per-
tussis toxin (Levine and Wenk 1965). The dis-
ease starts a few days earlier (7 to 9 days after
sensitization), and in nearly all instances is fatal
after a short time. Using neuropathological
techniques, extensive inflammatory lesions are
found throughout the brain and spinal cord.
The inflammatory infiltrates are dominated by
granulocytes associated with small perivenous
hemorrhages and some demyelination (Levine
et al. 1965; Lampert 1967). The pathological al-
terations resemble those found in acute hemor-
rhagic leukoencephalitis in humans.

Chronic models of autoimmune encepha-
lomyelitis have been described in a variety of
different animal species, such as mice, rats,
guinea-pigs, rabbits, and monkeys (Rivers et al.
1933; Stone and Lerner 1965; Wisniewski and
Keith 1977; for reviews, see Lassmann 1983a;
Raine 1986). Today, the most commonly stud-
ied models are chronic relapsing EAE in guin-
ea-pigs, mice and rats.

Chronic relapsing EAE in Strain 13 and Hart-
ley guinea-pigs is induced by sensitization of
juvenile animals with a single high dose of
brain tissue and adjuvant (Stone and Lerner
1965; Wisniewski and Keith 1977). The disease
takes a chronic progressive or relapsing course,
and actively demyelinating attacks of the dis-
ease can be found even 12 to 24 months after
sensitization. The disease goes through differ-
ent stages (Lassmann 1983a). The acute and
subacute stages (10 to 40 days after immuniza-
tion) reveal pathologic alterations similar to
those found in acute EAE. The dominant alter-
ation is the perivenous inflammatory reaction;
demyelination is sparse and restricted to small
perivascular areas. However, in the chronic
stage (more than 40 days after sensitization),
large confluent demyelinated plaques are
found. In the early phases of the chronic stage,
inflammation is still very pronounced. Only at
very late stages (after more than 100 days) does
the inflammatory reaction decrease in spite of
ongoing demyelinating activity. Detailed neu-
ropathological studies on this model showed
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that all the essential features of the pathology of
MS are closely mimicked. Differences are found
mainly in quantitative aspects, such as the size
of the lesions, and the extent of remyelination
(Lassmann 1983a; Raine 1986).

Chronic EAE in mice (Lublin et al. 1981) dif-
fers in several essential aspects from that in
guinea-pigs. Similar to other chronic EAE mod-
els, the disease runs a chronic progressive or
relapsing course. The inflammatory reaction
clearly dominates the pathology in the nervous
system (Brown et al. 1982). Selective primary
demyelination is present in the lesions, but
is restricted to very small areas, and only ex-
ceptionally leads to the formation of conflu-
ent plaques. Larger lesions are generally associ-
ated with pronounced additional damage of
axons.

In rats, too, a chronic relapsing or progres-
sive disease can be induced with appropriate
immunization schedules (Lassmann et al. 1980;
1986; Lassmann 1983a; Feurer et al. 1985). The
pathology in these models, however, differs
considerably from that described above. In the
CNS, the inflammatory reaction dominates the
pathology in the chronic stage of the disease.
Large demyelinated lesions are rare, and, if
present, reveal in addition to demyelination
considerable damage of axons and astrocytes.
Similar lesions have been described in a sub-
population of Japanese MS patients (Itoyama et
al. 1985). Besides these pathological changes in
the CNS, extensive inflammatory demyelinat-
ing lesions may also be present in peripheral
nerves and nerve roots.

Target antigens for autoimmunity in EAE

The models described above were all induced
by sensitization with complete CNS tissue. A
major focus of EAE research was thus to identi-
fy the components which are responsible for
the induction of an encephalitogenic autoim-
mune response.

The earliest identified target antigen of the
CNS was the MBP (Kies et al. 1960). In more
recent studies, the different peptide epitopes of
MBP which are recognized by autoreactive
T-cells were defined, and it became clear that
they vary between different animal species and
strains (Alvord 1984). As yet, the sequence of
encephalitogenic peptides for humans has not
been identified.

Sensitization with MBP generally leads to
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acute EAE, a monophasic inflammatory disease
of the CNS with little demyelination (Alvord
1986). With special immunization schedules,
and by selecting especially susceptible animal
strains, a successful induction of chronic relaps-
ing disease variants was achieved (Panitch and
Ciccone 1981). However, demyelination is
sparse, even in chronic models, and is not com-
parable to that induced in chronic EAE in guin-
ea-pigs or found in MS.

Another myelin antigen with encepha-
litogenic properties is proteolipid protein (PLP)
or lipophilin (Madrid et al. 1982; Cambi et al.
1983; Trotter et al. 1987). Sensitization with this
antigen leads to pronounced inflammation in
the CNS. Demyelination appears to be more
pronounced than after sensitization with MBP.

With the use of the T-cell line technology,
and with more detailed knowledge of the struc-
tures and amino acid sequences of other myelin
proteins, the spectrum of possible encepha-
litogenic target antigens is enlarging. Not only
can the exact T-cell epitopes be characterized in
the known encephalitogenic antigens such as
PLP and MBP (Linington et al. 1990; Wekerle et
al. 1991; Trotter et al. 1991), but new encepha-
litogenic epitopes have also been detected in
other myelin and nonmyelin antigens, such as
myelin oligodendrocyte glycoprotein (MOG,
Linington et al. 1993), MAG, GFAP, and S-100
protein (Kojima et al. 1994). Additional candi-
dates for encephalitogenic antigens are gan-
gliosides (Cohen et al. 1981), and as yet unde-
fined proteins of endothelial cells (Tsukada et
al. 1987). In addition, the high percentage of-y/8
T-lymphocytes in MS lesions (Selmaj et al.
1991a; Wucherpfennig et al 1992b) further sug-
gests that endogenous stress proteins may be
the target for a pathogenic T-cell response in
the lesions.

Besides these encephalitogenic antigens of
the nervous system, other elements have been
defined which may be recognized by antibodies
and which are able to induce demyelination ei-
ther in vitro or in vivo after injection into the
CNS compartment. These antigens include ga-
lactocerebroside (Dubois-Dalq et al. 1970), gan-
gliosides GM1 and GM4 (Roth et al. 1985;
Schwerer et al. 1986), and possibly also sul-
fatide, and MOG (Linington et al. 1984a; Lin-
ington et al. 1987). This goup of demyelination-
associated antigens may also include an epitope
of MAG which appears to be the target of auto-
antibodies in demyelinating polyneuropathies
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associated with gammopathies (Latov et al.
1981). A general requirement of a molecule to
be the target for antibody-mediated demyelina-
tion appears to be its expression on the outer
surface of the myelin/oligodendrocyte complex.

When the number of the already known tar-
get antigens for autoimmune inflammation and
demyelination is considered, it is not surprising
that sensitization with whole CNS tissue leads
to more complex disease patterns than immu-
nization with single antigens. Furthermore,
these data suggest that antigen-specific therapy
may be very difficult for a disease such as MS.

Passive transfer models

The EAE models which are induced by active
sensitization are unpredictable and difficult to
standardize. Thus, investigations into patho-
genesis and therapy are complex.

As shown in 1960 by Paterson, EAE can be
transferred by the intravenous injection of lym-
phocytes derived from sensitized donors. Sub-
sequent studies revealed that the disease trans-
fer is accomplished by T-lymphocytes against
MBP. A major breakthrough was achieved in
experiments by Ben Nun et al. (1981), who
were able to establish long-term MBP-reactive
T-cell lines with encephalitogenic activity. Simi-
lar encephalitogenic T-cell lines have subse-
quently been raised in mice (Zamvil et al. 1985).
Transfer of these line cells generally induces an
inflammatory disease of the nervous system
with little demyelination (Fig. 2.6a and b).
Chronic relapsing disease variants can be in-
duced by repeated injection of these line cells
(Vandenbark et al. 1986). Furthermore, in SJL
mice, a chronic relapsing disease course was
observed even after a single transfer of enceph-
alitogenic T-cells (Zamvil et al. 1985). Although
primary and secondary demyelination has been
described in these chronic models, clear data on
the extent and mechanisms of demyelination
are not available.

The lack of demyelination in these pure
T-cell-induced diseases raised doubts regarding
their suitability as a model for MS. Recently,
however, we were able to show that an intra-
venous injection of monoclonal antibodies
against MOG at the onset of T-cell-mediated in-
flammatory disease of the CNS massively po-
tentiated the disease severity and induced
widespread confluent demyelination in the
CNS (Linington et al. 1987). The lesions found
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in this cotransfer model closely resemble those
found in chronic EAE in guinea-pigs or in MS
patients (Fig. 2.6c and d).

In general, the disease course in passive
transfer models is monophasic. Even when
there is extensive demyelination in the cotrans-
fer experiments, the lesions become completely
remyelinated and repaired within a few days
following clinical recovery. However, repeated
transfers of encephalitogenic T-lymphocytes
with demyelinating antibodies result in a
chronic relapsing disease pattern with large
confluent, persistent demyelination (Linington
et al. 1992a).

The close similarities of the lesions of chronic
EAE and MS suggest that very similar immu-
nological mechanisms are involved in the
pathogenesis of demyelination and tissue dam-
age. Thus, these models are especially valuable
for the study of the development of inflamma-
tory demyelinating lesions, and in particular for
the evaluation of clinical diagnostic and thera-
peutic strategies. These data do not, however,
prove that MS is an autoimmune disease in the
proper sense. Very similar immunological
mechanisms will be operating against a noncy-
topathic, persistent virus infection in the ner-
vous system, and will lead to comparable struc-
tural features of the lesions.

Models of virus-induced demyelination

Although, as described above, the spectrum of
MS pathology can easily be covered in models
of autoimmune encephalomyelitis, it is difficult
to explain the pathogenesis of MS solely on the
basis of autoimmunity. First, it appears to be
difficult to imagine how an autosensitization of
such extreme severity may be induced in a nor-
mal human being in the absence of deliberate
immunization. Second, unequivocal proof of a
pathogenic autoimmune response in MS pa-
tients is still lacking.

A number of epidemiological studies suggest
the involvement of an exogenous factor, possi-
bly a virus infection, in the pathogenesis of MS.
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Following the first descriptions of virus-in-
duced inflammatory demyelinating disease in
humans and experimental animals, a major fo-
cus of virology research was to develop animal
models which more closely resembled the dis-
ease pattern of MS in clinical, neuropathologi-
cal, and immunological terms.

Three major groups of virus-induced de-
myelinating diseases can be distinguished
(Wisniewski 1977).

a. Direct cytotoxic infection of oligodendro-
cytes may damage the myelin-forming cells
and lead to demyelination.

b. A permissive (noncytopathic) infection of
oligodendrocytes may lead to the persistent
expression of a virus-derived neoantigen
within or on myelin-supporting cells. Such
an antigen may be recognized in a similar
way as an autoantigen in autoimmune en-
cephalomyelitis.

c. A transient infection of oligodendrocytes or
molecular mimicry may induce an immune
response which is not only directed against
the foreign pathogen, but simultaneously at-
tacks the host. If this antigen is present in
the CNS, an autoimmune encephalomyelitis
will ensue.

Although these mechanisms are fundamen-
tally different, it appears to be difficult to distin-
guish between them in established diseases of
human or experimental virus-induced demy-
elinating diseases.

The most important models of virus-induced
inflammatory demyelinating diseases are re-
viewed below. For further details on this sub-
ject, the reader is referred to more comprehen-
sive reviews (Dal Canto and Rabinowitz 1982).

Theiler's virus encqjhalomyelitis

The murine Theiler's encephalomyelitis virus
belongs to the class of Picornaviruses (Lipton
and Friedman 1980). A large number of virus
mutants have been investigated which induce
acute, subacute, or chronic encephalitis. Espe-

Fig. 2.6. Inflammation and demyelination in EAE. (a,b)
"Passive transfer" EAE induced by 105 MBP-reactive
T-lymphocytes. The distribution of inflammatory infil-
trates is indicated by the points in (b). There is no light
microscopically detectable demyelination. (Luxol-fast
blue staining for myelin; x 12.) (c,d) "Passive transfer"
EAE induced with 105 MBP-reactive T-lymphocytes. At
the onset of clinical disease, 5 mg purified mono-

clonal antibody against myelin oligodendroglia gly-
coprotein was injected intravenously. In addition to the
inflammatory reaction, which is similar to that in (a) and
(b), large confluent demyelinated plaques (shaded areas
in d) are present, predominantly in periventricular sites.
(Immunocytochemical visualization of proteolipid apo-
protein; x 12.)
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daily interesting is the chronic demyelinating
encephalomyelitis induced by the DA strain of
Theiler's virus (Lipton 1975). In an early phase,
infection of neurons is the dominant event,
leading to a panencephalitis of variable severi-
ty. In a second chronic phase of the disease,
large confluent demyelinating lesions are
found. Only very few viruses are present at this
stage, located mainly in some axons and astro-
cytes (Dal Canto and Rabinowitz 1982). Other
authors have also described the presence of vi-
rus in oligodendrocytes and their processes
(Knobler et al. 1983). Early stages of demyelina-
tion are associated with "vesicular disruption"
of myelin and myelin stripping (Dal Canto and
Lipton 1975). During the whole course of the
disease, the lesions closely resemble those
found in chronic models of autoimmune en-
cephalomyelitis. The disease can also be abro-
gated by immune suppression (Dal Canto and
Rabinowitz 1982). The demyelinating process
may also be inhibited by antibodies against
Class II MHC molecules, suggesting that CD4+

cells play a major role in the pathogenesis
(Friedmann et al. 1987).

All these data suggest that immunological
mechanisms play a central role in the patho-
genesis of inflammation and tissue damage in
this model. It is not yet clear whether the im-
mune reaction is entirely directed against virus
antigens or may also recognize autoantigens.

Canine distemper encephalomyelitis

Canine distemper encephalomyelitis is induced
by a paramyxovirus which in many respects re-
sembles measles virus (Hall et al. 1980). The
disease in dogs starts 3 to 6 days after infection,
with generalized virus spread, frequently asso-
ciated with meningitis. In neuropathology, de-
structive lesions are found adjacent to selec-
tively demyelinating plaques. Virus antigen is
mainly found in astrocytes; a virus infection of
oligodendrocytes has not been definitely proven
(Raine 1976; Vandevelde and Kristensen 1977;
Dal Canto and Rabinowitz 1982). In later stages
of the disease, in particular in subacute or
chronic disease variants, selective primary de-
myelination dominates. The selective de-
myelination may be due to direct virus-induced
cytolytic damage of oligodendrocytes. How-
ever, in addition, damage of oligodendrocytes
through macrophage toxins appears to be im-
portant (Vandevelde et al. 1982; Dal Canto and
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Rabinowitz 1982; Burge et al. 1989; Griot et al.
1989).

Coronavirus models

Infection of rodents with JHM virus (mouse
hepatitis virus) leads to severe acute encepha-
lomyelitis. Virus antigen is present in all cells of
the nervous system, including the oligo-
dendrocytes (Knobler et al. 1983). In more sub-
acute disease patterns, infection of brain cells is
more restricted, mainly affecting the oligo-
dendrocytes and astrocytes. In these subacute
forms, large confluent demyelinated plaques
are common (Zimprich et al. 1991). The extent
of demyelination correlates well with the extent
of oligodendrocyte infection, and immunosup-
pression has little effect on the demyelinating
activity. Thus, demyelination mainly appears
to be a result of a direct virus-induced cytolytic
effect.

In addition, however, at the time when sub-
acute or chronic disease develops, T-lympho-
cytes can be isolated from the peripheral circu-
lation which recognize MBP and are capable of
transferring autoimmune encephalomyelitis to
naive recipients (Watanabe et al. 1983). This ob-
servation indicated for the first time that a virus
infection of the CNS may induce an autoim-
mune reaction which itself is capable of induc-
ing and propagating the inflammatory disease.
This observation offers a good explanation of
how autoimmunity could be induced in a dis-
ease such as MS.

Other, less well-characterized, models of vi-
rus-induced demyelinating disease include vis-
na and herpes simplex virus encephalomyelitis
(Dal Canto and Rabinowitz 1982).

Until recently, MS was interpreted as being
either a virus-induced or an autoimmune dis-
ease. Today, the data suggest that these two
possibilities are by no means exclusive.

Models of inflammatory demyelination in the
peripheral nervous system

Experimental autoimmune neuritis

As first described by Waksman and Adams
(1955), sensitization with peripheral nervous
system tissue leads to a disease which is similar
to autoimmune encephalomyelitis, but which is
restricted to the peripheral nervous system. De-
pending upon the mode of sensitization and
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the susceptibility of the animals, acute and
chronic variants of the disease can be induced
(Wisniewski et al. 1974; Pollard et al. 1975). Al-
though in experimental autoimmune neuritis
(EAN) the demyelination is more pronounced
and selective in chronic than in acute models,
even in the latter demyelination may be signifi-
cant and widespread.

The major target antigens for the induction of
EAN are the P2 protein (Brostoff et al. 1972), a
basic protein similar to MBP in the CNS, and PO
protein, a glycoprotein similar in structure to
adhesion molecules (Milner et al. 1987; Lin-
ington et al. 1992b). In some animal species, a
disease similar to EAN has been induced by au-
tosensitization with galactocerebroside (Saida
et al. 1979) and gangliosides (Nagai et al. 1976).

Similar to EAE, peripheral autoimmune neu-
ritis can be induced by the transfer of mono-
specific T-cell lines directed against P2 or PO
proteins (Linington et al. 1984b; 1992b). Con-
trary to the situation in the CNS, these EAN
models are associated with significant de-
myelination. A possible explanation for the
phenomenon may be that Schwann cells can
express Class II MHC molecules and can pre-
sent autoantigen to T-lymphocytes (Wekerle et
al. 1986). Furthermore, Schwann cells may be
destroyed by CD4+ T-cells in the course of anti-
gen presentation. However, as in the CNS,
widespread confluent demyelination in the pe-
ripheral nervous system appears to be due to
cooperation between a T-cell-mediated inflam-
matory response and demyelinating antibodies
(Lassmann et al. 1986).
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myelination. Similarly, the knowledge obtained
from basic experimental neurobiological and
immunological studies about inflammation as
well as about demyelination and remyelination
is essential for the interpretation of the struc-
tural alterations in MS plaques. This relates to
all aspects of MS pathology, including inflam-
mation, demyelination, remyelination, gliosis,
and vascular alterations.

The MS models proper, autoimmune en-
cephalomyelitis and virus-induced inflamma-
tory demyelination, closely reflect the clinical
features, pathology, and immunology of hu-
man inflammatory demyelinating diseases, in-
cluding MS. They are thus suitable for the
study of various aspects of the pathogenesis of
the disease, the relevance of new diagnostic
tools, as well as of new therapeutic strategies.

It has, however, to be emphasized that none
of the models reflects all aspects of MS simul-
taneously. Thus, the most suitable model has to
be selected for each aspect of MS pathology or
pathogenesis. This implies that the questions
being addressed have to be clearly defined at
the outset of the studies, and the suitability of
the model system has to be critically evaluated.
Furthermore, when interpreting the results, the
limits of the experimental strategies have to be
taken into account, and the data gathered and
the conclusions drawn must not be transferred
to the human situation in an uncritical way.
However, when these precautions are taken,
experimental research will be the only way to
unravel the pathogenesis of MS and to test new
therapeutic strategies.

The value of experimental models for MS
research

Experimental models are of critical importance
for MS research. Nearly all clinical and immu-
nological studies performed to date have been
designed on the basis of experimental research
on models of autoimmune or virus-induced de-
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INTRODUCTION

The immune system is well distributed through-
out the whole body, its main sites of activity
being in the bone marrow, thymus, lymph
nodes, spleen, lung, and intestines. An impor-
tant exception, however, is the CNS, which is
normally isolated from the immune system.
This special relationship between the CNS and
the immune system (and its consequences) pro-
vides a key point in the understanding of the
pathogenesis of MS, and its significance is dis-
cussed in this chapter. The key elements of the
immune system are the lymphocytes and acces-
sory cells, such as macrophages. These cells are
armed with a highly complex arsenal of recep-
tors and cellular hormones (cytokines) which
enable them to communicate with their cellular
environment and to protect the organism from
intruders (Fig. 3.1).

First, we shall have a closer look at the recep-
tors which help the cells of the immune system
to recognize each other, other cells, and free
molecules. The six most important types of re-
ceptors are: (1) the antigen receptors of the
B-lymphocytes, known as antibodies, or immu-
noglobulins when they are in soluble form rath-
er than cell bound; (2) the antigen receptors of
the T-cells; (3) the Class I histocompatibility an-
tigens; (4) the Class II histocompatibility anti-
gens; (5) the cell surface markers of the T-cell
subpopulation CD4; and (6) the cell surface
markers of the T-cell subpopulation CD8. These
recognition molecules all have a remarkably
similar molecular structure (Fig. 3.2). They are
all built from various domains of about 100 ami-
no acids which are folded in a characteristic
way and stabilized through an S-S bridge. Im-
munoglobulins, for example, are made up of 14
such domains, 5 in each of the two heavy
chains, and 2 in each of the two light chains.
The amino acid sequences of some of the do-

mains show little variation, the so-called con-
stant chains, and these are localized adjacent to
the cell membrane in which the receptors are
anchored. Other domains, further away from
the cell membrane, are highly variable. They
contain hypervariable regions which govern
the specificity of recognition. From a genetic
point of view, these molecules are members of
a gene family which has evolved through multi-
plication and mutation from a common precur-
sor. The functions of these receptors are strong-
ly related and form the molecular basis of
antigen recognition by the lymphocytes. This is
the foundation of the extremely specific mode
of action for which the immune system is
known, with its ability to distinguish "self"
from "foreign," and to react to antigen differ-
ences as small as single amino acid changes in a
protein. However, another consequence of im-
mune recognition is seen in the attack of organs
in autoimmune disease.

THE HLA SYSTEM

The leading instruments in the orchestra of cel-
lular and humoral elements of the immune sys-
tem are the T-lymphocytes. They are assisted
by antigen-presenting cells such as monocytes/
macrophages, dendritic cells, and B-lympho-
cytes, etc., which present them with antigens
from toxins, bacteria, viruses, or tumor cells,
for recognition. In turn, the T-cells help the oth-
er immune cells, i.e., the macrophages, B-cells,
and cytotoxic T-cells, to develop their effector
functions of phagocytosis, antibody produc-
tion, or cytotoxicity, in order to eliminate the
antigen-bearing elements.

The above-mentioned recognition system of
receptors which is the basis of these cell interac-
tions will be discussed here in terms of a lock
and key analogy. Antigen receptors expressed
on T-cells as locks only recognize antigens if
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Cellular and humoral elements of the immune system

Antigen

Antigen-
processing

Antigen-
presentation

Stimulation

Proliferation

soluble
(e.g., toxins)

corpuscular
(e.g., bacteria)

cell adherent
(e.g., viruses)

Differentiation

Effector Function

Mediators of
inflammation

Immune Complexes

Neutralization Phagocytosis

i
Cytolysis

TNF (Cachectin), lnterleukin-1, Prostaglandins, Proteases, Complement (C)

Fig. 3.1. Interaction of the basic cellular and humoral
elements of the immune system. (ADCC, antibody-
dependent cellular cytotoxicity; C, complement; CR,
complement receptor; CTL, cytotoxic T-lymphocyte;

Dend, dendritic cell; FcR, Fc receptor; IFN-7, interferon
gamma; IL, interleukin; Ly, lymphocyte; MO, mono-
cyte/macrophage; TCR, T-cell receptor; TH, T-helper
cell; TNF, tumor necrosis factor.)

they are presented by an individual key on the
antigen-presenting cells. These key molecules
are the transplantation antigens known as HLA
antigens. As indicated by their name, these cell
surface antigens were discovered during trans-
plantation experiments in which T-cells were

found to recognize "foreign keys" and reject
the cells and tissues bearing them. These HLA
molecules are genetically extremely poly-
morphic. As became apparent in transplanta-
tion immunology, everyone has their own indi-
vidual set of HLA molecules. The special
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Immunologic receptor-molecules of the immunoglobulin-gen-superfamily

MHC-I MHC-II B-Ly-R T-Ly-R CD4 CD8

Fig. 3.2. Building plan of some basic immunological receptor molecules made up
from closely related domains about 100 amino acids long.

characteristic of this lock and key system is that
T-cells only recognize antigens which are of-
fered by presenting cells on keys of the same
HLA type, i.e., cells of the same individual.
This phenomenon is called HLA restriction.

Research in another direction also led to the
discovery of the same key molecules. Experi-
ments with inbred mice and rats have shown
that the ability to mount an immune reaction
against a particular antigen is partly genetically
determined. The generic region for these im-
mune response genes was found to be the same
gene complex which codes for the transplanta-
tion antigens, the so-called major histocom-
patibility complex, termed HLA in humans
(Fig. 3.3). Later, it turned out that within the
MHC, the same genes and their products are
responsible for both transplant rejection and
immune response.

The main molecular mechanisms which con-
trol immune responses through the action of
MHC genes have only recently been revealed.
A fundamental aspect of them is that during
antigen presentation, only short peptides, 5 to
15 amino acids long, rather than whole proteins
are presented to the T-cells. These peptides
(epitopes) are either synthesized in the present-
ing cells themselves (e.g., viral antigens) or
produced through so-called antigen processing
from ingested proteins by proteolysis in the
lysosomes. Related to these two possibilities of
peptide origin are two classes of MHC mole-
cules which present the peptides to the T-cells.

Class I MHC molecules are made up from a
polymorphic chain which is coded for in the

gene loci HLA-A, HLA-B, or HLA-C. The chain
is built from three of the domains mentioned
above. A fourth domain is noncovalently linked
to the chain, namely the invariant (32-microglo-
bulin which is coded for outside the HLA com-
plex on a different chromosome. Class I mole-
cules serve as "keys" for a subpopularion of
T-cells which carry the surface marker CD8 and
whose main effector function is cytotoxicity.
Class I molecules mainly present endogenously
produced (for example viral) peptides, which
explains their recognition by cytotoxic CD8
T-cells. The molecular structures of the Class I
antigens have recently been elucidated by crys-
tallography, and the remarkable picture which
emerged was one of a pocket made up by the
two polymorphic domains of the molecule in
which a peptide of typically nine amino acids
lies embedded. Since the HLA allele-specific
amino acids are mainly directed toward the in-
side of the pocket, and therefore influence the
peptide binding and consequently the recogni-
tion by the T-cells, the controlling effect of the
HLA molecules on the immune response is at
least partly explained. Class I molecules are ex-
pressed on practically all cells of the organism,
except on those of the CNS parenchyma where
their concentration is very low.

In contrast to the almost universal Class I ex-
pression, HLA molecules of Class II are only
expressed on certain cell types which serve as
accessory cells and which have an immediate
immune function. They are not usually ex-
pressed on cells of the CNS parenchyma, which
gives the CNS a privileged position in relation
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Major histocompatibility complex (MHC) on chromosome 6
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HLA
class-ll class-l

Fig. 3.3. Breakdown of the major histocompatibility complex (MHC) on chromo-
some 6. Empty boxes represent pseudo genes which are not expressed.

to the immune system. Class II molecules have
also been called immune-associated (la) anti-
gens because of their immune regulatory func-
tion. They are assembled from an a and a p
polypeptide chain which are coded for in the
gene loci HLA-DP, HLA-DQ, or HLA-DR (see
Fig. 3.2). Each of the two chains coupled on the
cell membrane is constructed from two do-
mains, so that the overall structure, with four
domains, looks similar to a Class I molecule,
with its three domains plus the associated
p2-microglobulin as the fourth domain. The
crystallographic structure of the Class II mole-
cules has now also been revealed, and it shows
a similar molecular pocket made up from the
two polymorphic domains of the a and (}
chains. The pouch, however, is open at both
ends, and can therefore accommodate peptides
which are 10 to 15 amino acids long. Peptides
presented by Class II molecules come from ex-
ogenous proteins processed by the antigen-pre-
senting cells.

Class II MHC molecules serve as keys for a
subpopulation of T-lymphocytes which carry
the surface marker molecule CD4, and have
mainly a helper or inducer function, invigorat-
ing other immune cells such as macrophages,
B-lymphocytes, and cytotoxic lymphocytes.
CD4 T-cells are indispensable to the induction
of an immune response, and consequently their
partners, the Class II-expressing, antigen-pre-
senting cells, also have a fundamental role in
the initiation and control of an immune reac-
tion. The expression of Class II (HLA-D) mole-

cules is strongly regulated. A lymphokine pro-
duced by activated T-lymphocytes, IFN-7,
induces enhanced expression of Class II mole-
cules, even on certain cells which do not nor-
mally express HLA-D molecules. This is of
great importance in the CNS parenchyma,
where the lack of HLA-D molecules would oth-
erwise prevent any contact with the immune
system. Only after the disruption of this obsta-
cle will HLA-D molecules be found in inflam-
matory lesions of the CNS, for example in the
active MS plaque, and then not only on blood-
borne macrophages, but also on cells of the
CNS parenchyma. It would appear, from what
is currently known, that the induction of HLA-
D molecules and the activation of correspond-
ing CD4 T-cells in the CNS are central in the
pathogenesis of those diseases of the CNS
which involve the immune system. Taking this
into account, and in relation to the above-men-
tioned function of the HLA genes as immune
response genes, the associations between HLA
alleles and susceptibility to MS (discussed be-
low) gain special significance.

Relation between the HLA system and MS

Associations between HLA types and suscep-
tibility to MS are often different in different eth-
nic groups. The reasons for this are not yet
clear. The following discussion relates only to
the Caucasian population in whom suscep-
tibility to MS is significantly associated with the
HLA-DR2 haplotype (DRwl5 subtype). The rel-
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ative risk of developing MS in HLA-DR2-posi-
tive individuals is approximately four times
higher than that for HLA-DR-negative individ-
uals. Associations with Class IHLA alleles have
been found for HLA-A3 and HLA-B7, but they
are weaker and have not been confirmed in all
studies. These associations are probably due to
linkage disequilibrium within the HLA com-
plex, since HLA-B7 is associated with HLA-
DR2 in the general population. The association
of HLA-DR2 with MS has to be compared with
other idiopathic diseases with suspected in-
volvement of the immune system. For example,
the increase in relative risk for rheumatoid ar-
thritis in HLA-DR4-positive individuals is
about sixfold, that for diabetes mellitus Type I
and HLA-DR3 and HLA-DR4 is about threefold
to sixfold, respectively, and that for Hash-
imoto's thyroiditis and HLA-DR5 is about
threefold. These are all disorders with a sus-
pected pathogenesis similar to that of MS, i.e.,
in which T-lymphocytes play a central role in
the inflammatory destruction of the affected tis-
sue.

However, the association of HLA-DR2 with
MS is not specific enough to be of importance
for clinical diagnosis: the number of false-posi-
tive and false-negative cases is too large, since
HLA-DR2 also occurs in about 20% of the
healthy population, and 30% to 50% of MS pa-
tients are HLA-DR2 negative.

There are various reasons why the associa-
tion of MS with HLA-DR2 is bound to be weak,
although it is still of importance to our under-
standing of the pathogenesis of this disease.

Firstly, genetic analysis of the HLA complex
is still incomplete. Progress in typing methods
using the tools of molecular biology now allows
for the analysis of genes which are not accessi-
ble with serological techniques, for example
HLA-DQ and HLA-DP. Thus, various new
HLA alleles have been defined with the analy-
sis of the restriction fragment length polymor-
phism (RFLP) at the DNA level, and a signifi-
cant association between MS and HLA-DQw6
has been found (Francis et al. 1991). The combi-
nation of DNA amplification techniques (PCR)
and oligonucleotide probes allows for further
analysis, particularly to examine whether spe-
cific segments of DNA which are common to
various HLA alleles might correlate well with
MS (Vartdal et al. 1989) - a possible relationship
which could not be detected using classical
methods. Furthermore, it is significant that the
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Class II HLA molecules are assembled from an
a and p chain, both of which are genetically
polymorphic. Since, in principle, both chains
combine freely, cis- and trans-combinations of
a and 3 alleles might possibly be relevant
(Spurkland et al. 1991). At present, the HLA
Class II haplotype which is most frequently as-
sociated with MS is, in genomic terminology,
DRB1*15O1, DQAl*0102, DQBl*0602. In addi-
tion, new, immunologically important, poly-
morphic genes have recently been discovered
in the region between HLA-DQ and HLA-DP.
They code for proteins such as peptide trans-
porters (TAP) which have important functions
in the process of antigen presentation by acces-
sory cells. A recent study, however, has not de-
tected an association between such TAP2 alleles
and MS; but a strong linkage disequilibrium
was found between the allele TAP2*01 and the
DRB1*15O1, which belongs to the haplotype
that confers a high risk for MS (Bennetts et al.
1995).

A second reason why a complete association
between HLA alleles and MS is not to be ex-
pected comes from immunological studies. In
many experimental immunological animal
models, such as EAE, it has been found that
apart from the MHC genes, other genes play a
significant role in the control of the immune re-
sponse and, more importantly, that only cer-
tain combinations of MHC alleles and non-
MHC alleles correlate with a particular immune
response. An example of this is the genetic sys-
tem of the immunoglobulin allotypes (GM) in
which the polymorphism of the genes which
code for the -y chain of the antibodies is studied
in relation to disease susceptibility. Although,
depending on the study, there seems to be only
a weak or no association between GM allotypes
and MS, the combination of certain alleles of
the GM system with certain alleles of the HLA
system carries a higher risk for disease (Salier et
al. 1986). Another example might involve the
antigen receptor of the T-cells. This is because,
with regard to the above-mentioned physi-
ological function of the HLA antigens as restric-
tion molecules for antigen presentation toward
the T-cell receptor, it is reasonable to ask about
the genetic polymorphism of the "key" but also
about that of the "lock", i.e., the T-cell receptor.
Since the analysis of the genes which code for
the T-cell receptor is recent, the field is still
open. Nevertheless, preliminary studies have
shown certain associations with MS (reviewed
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by Oksenberg et al. 1993). However, it is to be
expected that only the study of combinations of
HLA alleles and T-cell receptor alleles will show
increased correlation to MS, and to other dis-
eases. Finally, it is possible that there are also
other genes which influence immune responses.

A third reason for a weak association con-
cerns the fact that, apart from genetic effects,
unspecified environmental influences are also
known to affect susceptibility to MS, which
again suggests there is no absolute correlation
with HLA types.

It is therefore significant that, despite all
these reasons - incomplete analyses of the HLA
complex, polygenic effects, and additional en-
vironmental influences - associations have
been found between HLA-DR2 and MS. The
significance of HLA molecules will be discussed
in more detail below. It remains here to men-
tion that it is important for future studies to
look not only at susceptibility to disease, but
also at the correlation between different forms
of disease progress, clinical symptoms, and lab-
oratory parameters. Even more important is
that the therapeutic effects found in clinical tri-
als should be compared in different patient
groups.

FAMILY AND TWIN STUDIES

As mentioned above, the immune regulatory
Class II HLA molecules (HLA-D) are coded for
in several gene loci of the HLA complex. In ad-
dition, Class I molecules also play an immune
regulatory role. This multiloci system is poten-
tially able to influence disease susceptibility,
and it is therefore reasonable to search for the
spheres of influence of whole sets of allelic
HLA loci, i.e., to study HLA haplotypes. Be-
cause of the genetic diversity in the population,
such analyses have to involve family and twin
studies where whole haplotypes are inherited.
Moreover, only this kind of analysis can prove
that genetic influences exist which can only be
suspected from epidemiological data.

A simple method is to compare the HLA hap-
lotypes of sibling pairs when both are affected
by MS. In randomly selected control sibling
pairs, the probabilities of identity in two, one or
no haplotypes are 25%, 50%, and 25% respec-
tively. In an analysis of 100 families with at least
two diseased siblings, compiled from 10 family
studies published between 1973 and 1981; the
distributions of double, single, and negative
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congruity for the HLA haplotypes were 37%,
50%, and 13% respectively (Stewart et al. 1981).
This is significantly different from the theoreti-
cal expectation. A similar analysis has been
done with cousin pairs. Here, one would ex-
pect a theoretical congruity in one haplotype of
25%. Yet, 10 (60%) of 17 MS-affected cousin
pairs shared one HLA haplotype, significantly
more than expected. A detailed genetic analysis
has been performed using the data from 15
family studies between 1973 and 1981; includ-
ing 192 families with at least two affected family
members (Ho et al. 1982). As a result, a strong
influence of a genetic determinant was found
which is closely linked to HLA-DR2. However,
a similar strong influence of a determinant not
linked to HLA was also detected. This determi-
nant, although familial, is not necessarily ge-
netic in nature, but might represent a family-
related environmental factor. This hypothesis,
however, has recently been refuted in a study
with adopted family members of MS patients,
where no effect of shared family environment
was found (Ebers et al. 1995). However, these
findings still do not exclude the possibility of a
synergistic interaction between genes and com-
mon environmental factors.

The classical method of searching for genetic
influences on the susceptibility to disease is the
study of twins. The finding of a higher concor-
dance rate in monozygotic than in dizygotic
twins with regard to the disease under scrutiny
allows us to assume the existence of a genetic
control, provided that environmental factors
are similar in both groups. It is of fundamental
importance, however, that there is no bias in
the selection of the twin population. Unfor-
tunately, because of the relative scarcity of
twins, this condition can only rarely be ful-
filled, since the search for diseased twin pairs in
itself often creates selection bias. This therefore
may be the reason why different concordance
rates have been found in the twin studies pub-
lished so far. Overall, it can be concluded that
higher concordance rates for MS have been ob-
served in monozygotic twins than in dizygotic
twins. A more recent study in Denmark was
able to avoid the selection problem by compar-
ing the twin register which exists in that coun-
try with the available MS register (Heltberg
1986). The comparison revealed 50 twin pairs
with at least one member affected by MS. Of 19
pairs which were monozygotic, 4 (21%) were
concordant for MS, whereas of 31 dizygotic
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pairs, only 1 (3.2%) was concordant. However,
these numbers are too small to be significant.
Another recent study in Canada minimized the
selection problem by systematically question-
ning more than 5000 MS patients who were reg-
istered in the Canadian MS clinics as to their
twin status. After confirming the clinical diag-
nosis and twin status, 70 twin pairs were left.
Of these, 27 pairs were monozygotic, and 7 of
these (26%) were concordant for MS, whereas
of 43 dizygotic pairs, only 1 (2.3%) was concor-
dant (Ebers et al. 1986). A 7.5-year follow-up of
this population of twins, whose mean age
eventually exceeded 50 years, revealed an in-
crease in the monozygotic concordance rate to
31%, and in the dizygotic concordance rate to
4.7% (Sadovnick et al. 1993). Taking into ac-
count another critical point in twin research,
namely the fact that monozygotic twins proba-
bly have a higher congruity of their environ-
ment than dizygotic twins of different sexes, it
is preferable to compare the concordance rates
for dizygotic like-sexed twins. Summing the
corresponding numbers of both studies results
in a dizygotic like-sex concordance rate of 2 out
of 47 (4.3%), versus a monozygotic concor-
dance rate of 12 out of 45 (27%).

Taken together, family- and twin-based stud-
ies confirm the genetic control of the suscep-
tibility to MS. The important question remains,
however, of whether familial MS cases are rep-
resentative of all MS patients, since only 5% to
10% of MS cases are familial. It is possible that
this group is etiologically distinct. This hypoth-
esis is supported by the observation that, in the
study of Mackay and Myrianthopoulos (1966), 6
of 9 concordant twins showed a familial accu-
mulation of MS, whereas this was only the case
in 3 out of 30 discordant twin pairs, which cor-
responds to the expected frequency in the
whole population. Although the epidemiologi-
cal correlation with HLA-DR2 does not support
the idea that only a minority of MS cases are
genetically controlled, it is still remarkable that
the correlation to HLA-DR2 is stronger in famil-
ial than in nonfamilial cases. Zander (1986) re-
ported 24 HLA-DR2-positive patients among 33
familial MS cases (73%), as opposed to 70 HLA-
DR2-positive patients in 136 nonfamilial cases
(51%), and a frequency of HLA-DR2 in the gen-
eral population of 25%.

It should again be emphasized that the genet-
ic factor, which has now been confirmed by
family- and twin-based studies, and which is
closely linked to HLA-D, is predominantly of
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importance because HLA-D molecules play a
key role in the induction and regulation of spe-
cific immune reactions.

IMMUNOLOGY OF THE CENTRAL
NERVOUS SYSTEM

There are several reasons to include MS as an
immunological disease. One argument comes
from the association between MS and certain
alleles of the MHC Class II genes which code
for key molecules of T-cell activation (discussed
above). The second justification is based on the
occurrence of activated T-lymphocytes together
with the expression of HLA-D molecules in
fresh MS plaques as well as the production of
immunoglobulins, i.e., antibodies, in the CNS.
The third reason is most strongly supported by
evidence from experimental animal models of
MS. Taken together, these are sufficient rea-
sons to give some consideration to the physiol-
ogy of the immune system in the CNS, bearing
in mind particularly its privileged role with re-
gard to the immune system.

First, we should have another look at the ba-
sic mechanisms of immune reactions. Apart
from the specific receptor molecules discussed
earlier, such as B-cell antigen receptors (anti-
bodies), T-cell antigen receptors, the MHC mol-
ecules of Class I and Class II, and the CD4 and
CD8 molecules, several cytokines and their re-
ceptors play a role in the interaction between
the lymphocytes and their accessory cells (see
Fig. 3.1). The activation of CD4 cells by MHC
Class II-bearing antigen-presenting cells is de-
pendent on the cytokine IL-1, which is pro-
duced by the antigen-presenting cells. Apart
from its essential role in T-cell activation, IL-1
exhibits an extraordinary number of other activ-
ities, such as induction of acute phase proteins,
fever and sleep, chemotaxis, cell adherence,
and activation of endothelial cells, just to men-
tion a few. Similar activities have been ascribed
to TNF or cachectin, another cytokine produced
by accessory cells.

The activation of T-cells leads to their trans-
formation into metabolically highly active lym-
phoblasts with a high rate of proliferation. The
cell division of the T-cells is again dependent on
other cytokines, such as IL-2 and IL-4, which
are produced by the activated T-cells them-
selves and which act in an autocrine fashion on
the IL-2 and IL-4 receptors of the T-cells, lead-
ing to proliferation of CD4 and CD8 T-cells. At
the same time, activating or inhibiting signals
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Blood-brain barrier

Fig. 3.4. The blood-brain barrier is made up from, and
functionally dependent on, the cerebral endothelial cell
layer sealed with intercellular "tight junctions." Under-

j astrocytic processes
1 basal membrane

endothelium

"tight junction"

neath is the basal membrane and a layer of tightly
packed astrocytic foot processes.

go back to the antigen-presenting cells. Gamma
interferon is a cytokine produced by activated
T-cells which induces accessory cells to aug-
ment their synthesis and expression of MHC
molecules. Other cytokines have an activating
influence on B-lymphocytes (for example, IL-4,
IL-5, IL-6, IL-10, and IL-13), and others stimu-
late bone marrow cells (for example, IL-3 and
other colony-stimulating factors). CD4 T-cells
are grouped into two populations according to
their cytokine production profile: T-helper-1
(TH1) cells produce IL-2 and IFN--y and mainly
regulate the cell-mediated immune responses.
T-helper-2 (TH2) cells produce the B-cell-acti-
vating cytokines such as IL-4 and mainly regu-
late the humoral immune responses. Apart
from all these mostly activating cytokines, inhi-
biting factors are now also being studied, for
example the family of tumor growth factor beta
(TGF-fJ). A further humoral system which has
been known for longer and whose function is
on the effector side of the immune response is
the complement system and the coagulation
cascade.

Some of the above-mentioned cytokines also
regulate the interaction of the immune system
with the CNS, and will be referred to later in
this chapter. An important fact to be empha-
sized again at this point is the central position
of the CD4 T-cells and their counterparts, the
MHC Class II-bearing accessory cells, in the in-
terplay between the cellular and humoral ele-
ments of the immune system.

The blood-brain barrier

The pioneers of transplantation immunology
recognized that the CNS is privileged.from an

immunological point of view. Experimental
transplants into the CNS were only rejected
when the recipient animal was previously sen-
sitized by a skin transplant from the donor ani-
mal. A primary immune response in the CNS
was apparently not possible, and there are vari-
ous reasons for this. First, the CNS has no gen-
eral lymphatic drainage which could transport
antigens to the lymph nodes as in other organs.
Second, in the CNS parenchyma, there is nor-
mally no expression of Class II MHC molecules
(and only small amounts of Class I molecules),
without which antigens cannot be recognized
by T-lymphocytes. Third, and probably implicit
in the previous points, the CNS is separated by
the blood-brain barrier formed by endothelial
cells which are firmly connected with each oth-
er by so-called tight junctions (Fig. 3.4). This
barrier not only prevents the passive diffusion
of higher molecular weight substances, but also
to a large extent the passage of lymphocytes
from the bloodstream to the CNS. Considering
these obstacles, it is surprising that immune re-
actions take place at all in the CNS. However,
there seem to exist regulatory mechanisms
which allow for, and even promote under cer-
tain circumstances, interactions between the
cells of the CNS and the immune system. Yet
these regulations of the barrier obviously have
to be restrictive, since each immune reaction
also brings about a certain amount of tissue de-
struction which could be disastrous in the CNS
with its very limited regenerating capacity.

A decisive inducing activity for changes in
the blood-brain barrier seems to originate from
activated T-lymphocytes. Experiments in vitro
have shown that activated T-cells, similar to
metastasizing tumor cells, have the capacity to
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Fig. 3.5. Electronmicrograph from a rat spinal cord 4
days after injection of encephalitogenic T-lymphocytes.
An inflammatory cell is migrating through the blood ves-
sel wall.

penetrate a confluent layer of endothelial cells
and to dissolve the underlying basal membrane
(Naparstek et al. 1984). Resting T-cells are not
able to accomplish this. Experiments in vivo
also show this phenomenon (Fig. 3.5). When
freshly activated and radioactive labeled T-cells
were intravenously injected into rats, small
numbers of labeled cells could be detected after
a few hours in the CNS parenchyma (Meyer-
mann et al. 1987). When such T-cells recognize
antigens of the CNS, in this case MBP, they are
further activated and proliferate. This results in
local disturbances of the blood-brain barrier,
leading to perivascular edema and conse-
quently to the entry of other leukocytes which
form inflammatory infiltrates. As a conse-
quence of this, the well-known paralytic symp-
toms of EAE develop. If the primarily infiltrat-
ing T-cells cannot recognize any antigens in the
CNS because their specificity is aimed at some
irrelevant antigen (such as, for example, oval-
bumin), the blood-brain barrier remains intact,
the T-lymphoblasts revert to small resting cells,
and are no longer detectable in the CNS after a
few days. The animals remain without symp-
toms. The capacity of activated T-cells to pass
through the blood-brain barrier is confirmed by
the experimental observation that during a gen-
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eralized activation of the immune system in the
course of a graft versus host disease, T-cells are
found in the CNS parenchyma (Hickey and
Kimura 1987). Such a nonspecific invasion of
activated T-cells into the CNS might reactivate a
previously evolved specific immune reaction. It
has been shown that in rats with a recent histo-
ry of EAE, a new encephalitic bout can be in-
duced by such a graft versus host reaction.

To summarize, the T-cell-mediated inflam-
matory changes of the blood-brain barrier are
dependent on two preconditions: (1) T-cells
have to be preactivated outside the CNS; and
(2) T-cells have to be specific for an antigen
within the CNS. This explains the above-men-
tioned phenomenon that experimental trans-
plants in the CNS are only rejected when the
animal has previously been sensitized by a skin
transplant, i.e., when specific T-cells have been
activated outside the CNS. It also explains why
in the EAE model discussed below, disease is
only induced by the transfer of activated but
not by resting MBP-specific T-cells. The seem-
ing limitation of this principle for immune reac-
tions in the CNS is not necessarily one of hin-
drance to the normal function of the immune
system in the course of an infection. Since in-
fectious agents have to pass through the organ-
ism to reach the CNS, there is ample oppor-
tunity for lymphocytes to be activated before
the CNS becomes infected. Such activated
T-cells would then have access to the CNS to
fight against the intruder.

The mechanisms leading to inflammatory
changes of the blood-brain barrier after induc-
tion by T-cells are not yet known in detail. It is
very likely that changes to cells resident in the
CNS induced by interaction with the invaded
T-cells are of fundamental importance. Ways of
communication between T-cells and cells of the
CNS are discussed below.

Interaction of T-lymphocytes with cells of the
central nervous system

The endothelial cells of the blood vessels in the
CNS are potential partners for T-cells. In-vitro
experiments have shown that, after treatment
with IFN-7, cultured endothelial cells from the
CNS are capable of expressing MHC Class II
molecules and presenting antigens to the
T-cells (McCarron et al. 1985). In contrast to en-
dothelial cells from the CNS of a normal mouse,
those freshly isolated from the CNS of a mouse
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with acute EAE were able to present antigens
even without pretreatment with IFN-7 (McCar-
ron et al. 1986). Also, HLA-D molecules have
been described on CNS endothelium in vivo,
although only with the use of light microscopy,
with which it is difficult to distinguish whether
the immunocytochemically detected HLA-D
molecules belong to enothelial cells or to suben-
dothelial pericytes. Another unsolved question
is whether antigens of the CNS would be able
to appear on the luminal side of the endothelial
cells to be presented to passing T-cells. A direct
antigen-specific interaction of T-cells with en-
dothelial cells would, of course, be able to con-
trol changes in the blood-brain barrier in a very
restrictive way. Even when there is no specific
interaction of T-cells and endothelium via T-cell
receptor and MHC Class II molecules, there are
many nonspecific ways in which interaction
could occur by means of adherence molecules
and their receptors on endothelial cells and
lymphocytes. In-vitro experiments have shown
that IFN-7 from activated T-cells, or IL-1 which
might originate from astrocytes or microglial
cells, induces the expression of such adherence
molecules on endothelial cells, thereby en-
abling the leukocytes from the blood to pass
through the blood-brain barrier.

Immediately beneath the endothelium and
the underlying basal membrane is a layer of
tightly packed astrocytic processes which forms
the CNS side of the basal membrane (see Fig.
3.4). These astrocytic foot processes play an es-
sential role in the formation and regulation of
the blood-brain barrier produced by the endo-
thelial cells (Beck et al. 1984; Janzer and Raff
1987). Astrocytes also have a well-known func-
tion in the regulation of the internal milieu of
the CNS and in the transportation of molecules
from and to the blood vessels. Therefore, astro-
cytes have access to antigens of the CNS and
are well positioned potentially to interact with
incoming T-cells. Indeed, in-vitro experiments
have shown that astrocytes are able to present
antigens to the T-cells and thereby to induce
them to proliferate (Fig. 3.6, following p. 48;
Fierz et al. 1985; Fierz and Fontana 1986). Al-
though astrocytes are primarily Class II nega-
tive in vivo as well as in vitro, activated T-cells
produce EFN-7, which induces astrocytes to ex-
press MHC Class II molecules (Fig. 3.7, follow-
ing p. 48). Such activated Class II-positive as-
trocytes are then able to present antigens, in
association with the "key" molecules, to the
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T-cell receptors. This antigen-specific interac-
tion restimulates the T-cells on one side to form
metabolically highly active and rapidly prolif-
erating T-lymphoblasts; on the other side, the
astrocytes change their morphology themselves
by retracting their widely spread processes and
detaching them from the surface of the culture
dish (see Fig. 3.6c). Resting inactive T-cells do
not produce IFN--y and are consequently not
able to communicate with astrocytes. In this
context also, therefore, as in passing the endo-
thelium, the state of activity of the T-cells is de-
cisive in the initiation of the immune reaction.
Interestingly though, it has been found that
certain viruses (coronavirus) or bacterial prod-
ucts (lipopolysaccharides or synthetic mu-
ramyl-dipeptide) directly induce MHC Class II
molecules on astrocytes, independent of T-cells
(Massa and ter Meulen 1987).

The mutual activation of perivascular astro-
cytes and intruding T-lymphocytes could well
be a pivotal step in the initiation of immune re-
sponses in the CNS. The induced alterations of
the astrocytes could influence the function of
the blood-brain barrier, leading to edema. Acti-
vated astrocytes also produce cytokines such as
IL-1 which could induce adherence molecules
on the endothelial cells and chemotactically at-
tract further leukocytes, leading to perivascular
infiltration. In addition, astrocytic alterations
could also affect oligodendrocytes and conse-
quently the myelin sheaths. The potential for
such a mechanism is also shown in canine dis-
temper disease, where it was found in vitro that
the astrocytes rather than the oligodendrocytes
are infected by the distemper virus, neverthe-
less leading in vivo to demyelination (Zurbrig-
gen et al. 1986). Similar findings have been
made in demyelinating encephalomyelitis in
rats which is caused by the mouse hepatitis vi-
rus, JHM (Massa et al. 1986). It is even conceiv-
able that astrocytic alterations have a direct ef-
fect on nervous conduction. Disturbances of
the homeostatic functions which regulate the
milieu of ions and neurotransmitters, caused by
the interaction of T-cells with astrocytes, could
impair nervous transmission and conduction,
leading to paralytic symptoms long before de-
myelination occurs.

Finally, activated astrocytes might also influ-
ence microglial cells since, as has been ob-
served in vitro (Frei et al. 1987), they produce
IL-3 that stimulates microglial cells to prolif-
erate. Microglial cells themselves are able to in-
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teract with T-cells in an immune-specific way,
as they are able to express MHC Class II mole-
cules upon stimulation by IFN-7 and to present
antigens to the T-cells.

In contrast to astrocytes and microglial cells,
the other two cellular elements of the CNS, the
oligodendrocytes and the neurons, seem to
have no way of interacting antigen-specifically
with the T-cells, at least for the induction phase
of an immune response, since no expression of
MHC Class II molecules has been shown for ei-
ther cell type. Nevertheless, these cells can also
be induced to express Class I molecules if
treated with IFN-"y so that, at least on the effec-
tor side, antigen-specific contact of oligo-
dendrocytes and neurons with CD8 T-lympho-
cytes is possible. However, so far it has not
been possible to demonstrate in animal experi-
ments or in vitro, T-cells which would have an
antigen-specific cytotoxic effect on oligoden-
drocytes or neurons. Although, in vivo, many
CD8 T-cells can be found within MS plaques, it
is unclear what function they might fulfill.

The role of immune mechanisms in
MS patients

The mechanisms described above which might
play a role in the induction and regulation of
immune reactions in the CNS were mainly dis-
covered by in-vitro experiments, partly at the
molecular level. However, it is still difficult to
analyze which of the possible mechanisms are
operational in vivo and, particularly, which of
them are critical for processes such as plaque
generation in MS. Some insights can be gained,
though, from the study of the pathology of MS
lesions (see also Chapter 2). With the help of
immunological techniques, it was possible to
examine the cellular infiltrates in MS lesions in
more detail. This first led to the discovery of
some B-lymphocytes and plasma cells which
produce the oligoclonal immunoglobulins
found in the CSF of MS patients. Later, how-
ever, it was realized that most of the infiltrating
cells are T-lymphocytes and macrophages
(Traugott et al. 1983). With regard to the role of
activated T-cells postulated above, it is of im-
portance that signs of T-cell activation such as
expression of IL-2 and IL-2 receptors could be
traced in the plaques (Bellamy et al. 1985;
Hofmann et al. 1986). The expression of HLA
Class II molecules is also a conspicuous alter-
ation in the MS plaques. HLA-DR has been
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found on T-cells, B-cells and macrophages, but
also on endothelial cells within the whole CNS
parenchyma and on astrocytes in the center of
plaques (Traugott et al. 1985; Traugott 1987). It
has to be emphasized that the attribution of
HLA-DR to cellular elements in these studies
has been assumed on the grounds of light mi-
croscopy, evidence which must be confirmed
by electron microscopy. Overall, these findings
from pathology specimens are compatible with
the pathogenic mechanisms observed in vitro.
They do not, however, allow for conclusions to
be drawn about the operation and regulation of
functional interactions in the MS lesions. For
such insights, experiments are necessary in
vivo, which, of course, can only be conducted
in animal models of the disease.

Nevertheless, an unintentional "experiment"
with MS patients has recently been performed
which demonstrated the critical role of IFN--y in
the disease process (Panitch et al. 1987). In a
therapeutic trial, 18 MS patients were treated
twice per week with IFN-7 for 1 month. Seven
of the patients developed bouts. This exacerba-
tion rate of 0.39 (per patient per month) was
significantly higher than the rate during the
two previous years (0.12) and during the 6 to 12
months after treatment (0.10). In contrast, treat-
ment with IFN-a or IFN-p reduces the exacerba-
tion rate, and a recent trial using this medication
for the first time shows a positive immu-
nomodulatory treatment effect (The IFN-beta
Multiple Sclerosis Study Group 1993). These
observations with MS patients are in accor-
dance with the hypothesis that the expression
of MHC Class II molecules, which is aug-
mented by IFN--y but not by IFN-a or IFN-p, is
central to the induction of new lesions in MS.

Insight gained from such in-vivo "experi-
ments" is, of course, an exception, and in-vivo
pathogenic mechanisms in humans have to be
studied by looking at the natural course of the
disease. A somewhat indirect clue comes from
nature's "experiment" - pregnancy. It is well
known that the immune system is somehow
suppressed during pregnancy by mechanisms
which are not yet fully understood. Amongst
other factors, a-fetoprotein (AFP) is a possible
suppressive agent. It has been shown in vitro
that AFP inhibits the induction of MHC Class II
molecules by IFN-7. In the last trimester of
pregnancy, the blood levels of AFP are partic-
ularly high. The exacerbation rate in pregnant
MS patients during this phase is lower than at
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other times, rising again post partum. An anal-
ysis of 199 pregnancies in 66 female patients
with MS in Israel showed an exacerbation rate
of 0.04 in the last trimester, compared with a
rate of 0.82 in the first 3 months post partum.
Nonpregnant women at the same age with a
comparable duration of MS had an exacerbation
rate of 0.30 (Korn-Lubetzki et al. 1984). If the
reduction of the exacerbation rate during preg-
nancy is due to immunosuppression, it should
be possible to influence the course of disease by
therapeutic immunosuppression. Whether this
is the case is discussed in Chapter 15.

A further in-vivo clue as to the pathogenic
mechanisms comes from the observation that
exacerbations in MS are frequently triggered by
viral infections (by viruses not etiologically in-
volved in MS itself). In a prospective study of
170 MS patients and 134 controls over a period
of 8 years, the exacerbation rate was three times
higher during a viral infection than during oth-
er periods without viral infections (Sibley et al.
1985). This observation can be linked to the
above-mentioned experimental phenomenon
that during a graft versus host disease, acti-
vated T-cells enter the CNS and reactivate EAE
in remission. It is well known that viral infec-
tions generate abundant numbers of activated
T-cells in the blood which are then able to cross
the blood-brain barrier and might activate rest-
ing lesions by IFN-"y.

Further insights into in-vivo immunological
mechanisms are to be expected from laboratory
examinations of MS patients and from animal
models of the disease. Evidence from the study
of immunological parameters in MS patients
and some recent observations from in-vivo ex-
periments with animal models are discussed in
the following sections.

Alterations of immunological parameters in
the peripheral blood and cerebrospinal fluid
of MS patients

The diagnosis of MS was always mainly estab-
lished on clinical grounds, with minimal sup-
port from laboratory examinations. As an in-
strument with which to evaluate the course of
disease and the prognosis, the laboratory has
been of little help as changes in MS-associated
parameters correlate poorly with the clinical
stage of the disease. The advent of modern im-
munological laboratory tests has unfortunately
done little to change this situation. This might
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have various reasons. Possibly of most impor-
tance is that the clinical picture of MS has little
correlation with its pathological substrate, the
lesion in the CNS. This is understandable con-
sidering that, because of the complex structure
of the CNS, neurological deficits largely de-
pend on the localization and less so on the
number and size of lesions. This fact, well
known to pathologists, has been reemphasized
by the advent of in-vivo analyses of MS lesions
by X-ray computer tomography and magnetic
resonance imaging. So-called silent lesions are
not only frequent during the course of diag-
nosed MS, but also occur in "healthy" individu-
als. It has to be expected, therefore, that labora-
tory parameters may correlate better with
magnetic resonance findings than with clinical
symptoms. Although such laboratory parame-
ters seem to have less clinical relevance, they
are certainly of value in our understanding of
the pathogenesis of MS, and even more so for a
rapid evaluation of treatment effects in clinical
trials. A summary of laboratory findings in MS
is given in a workshop report on "Cellular and
humoral components of cerebrospinal fluid in
multiple sclerosis" (Lowenthal and Raus 1987).

Humoral parameters

The laboratory parameter that so far correlates
best with MS is the occurrence of so-called oli-
goclonal bands in the CSF (Fig. 3.8). The term
oligoclonal bands relates to the analysis of im-
munoglobulins (antibodies) with the help of
isoelectric focusing (IEF). Using this method,
proteins (in this case immunoglobulins from
the CSF or serum) are separated according to
their electrical charges. Since each B-cell clone
and the plasma cells originating from it produce
antibodies of different specificities and different
electrical charges, the IEF results in a multitude
of individual protein bands. In the normal se-
rum, the number of bands is so large that it al-
most appears as a continuum of adjacently po-
sitioned immunoglobulins. During activation of
the immune system, for example in the course
of a viral infection, single B-cells can multiply
so abundantly that single bands emerge in the
IEF. The same phenomenon is observed in the
CSF, with the difference that in the normal CSF
only a small amount of immunoglobulin is pre-
sent, and therefore, with local production of
immunoglobulins by B-cells and plasma cells
during the process of inflammation in the CNS,
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Fig. 3.8. Oligoclonal immunoglobulins from the CSF of
an MS patient. Aliquots of 1 p.I of native CSF were ap-
plied to an agarose gel and the proteins were separated
by isoelectric focusing. After blotting on a nitrocellulose
membrane, the immunoglobulins were identified by im-
munostaining with antibodies against human IgC.

IEF bands are conspicuous. Such bands pro-
duced in the CNS are only weakly or not at all
visible in the serum, so that the rinding of oli-
goclonal bands in the CSF in the absence of
identical bands in the serum provides evidence
of immunoglobulin production within the
CNS. This complies with an augmentation of
the immunoglobulin index [(IgcsF/IgsemmV (al-
bumincsF/alb>uminsenim)] which gives a quan-
titative measure of immunoglobulin production
in the CNS. However, the determination of oli-
goclonal bands is slightly more sensitive than
the immunoglobulin index as bands are some-
times visible while the index is still normal. Lo-
cal production of immunoglobulins in the CNS
occurs in 80% to 90% of MS cases, but also in
chronic infections of the CNS. The CNS-pro-
duced immunoglobulin is mainly IgG; raised
levels of IgM and IgA are found less often in the
CSF.

When immunoglobulin from post-mortem
CNS material from an MS patient is looked at in
terms of its banding pattern in the IEF, distinct
patterns are found in individual plaques. This
is in contrast to the finding in an immune re-
sponse to a known antigen (subacute sclerosing
panencephalitis), in which the same banding
pattern was found in different plaques (Mat-
tson et al. 1980). The banding pattern also var-
ies from patient to patient. Astoundingly, with-
in one patient the individual banding pattern
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remains fairly constant over months or years. It
can therefore be concluded that the immu-
noglobulin-producing B-cells either proliferate
over a considerable length of time within the
CNS, or that they have a long lifetime and are
not constantly replaced by new cells. It has
been suggested, therefore, that these B-cells
might be nonmalignantly transformed and
thereby escape normal regulatory controls, sim-
ilar to a benign monoclonal gammopathy.

It would be interesting, of course, to know
which antigens are recognized by these CNS-
produced antibodies, but so far no clear picture
has emerged. Quite frequently, one finds anti-
bodies specific for common viruses such as
measles or varicella, but they make up only a
small part of the immunoglobulins in the CSF.
Since they are not regularly observed, it is as-
umed that these antibodies stem from B-cells
which reached the CNS randomly in a non-
specific way during the course of an inflamma-
tory infiltration, and which continue to secrete
the antibodies they have already produced in
the blood. Antibodies to more or less well-de-
fined antigens of the CNS tissue have also been
described, but again no consistent relation to
MS was found. Such antibodies are not patho-
gnomonic for MS, but also occur in other de-
myelinating diseases. They might nevertheless
play a pathogenic role in the effector phase of
an inflammatory demyelination. In vitro, con-
centrated CSF of MS patients has been found to
have a demyelinating activity, and in vivo, its
local injection into the optic nerve of tadpoles
induced demyelination. However, the chemical
nature of this activity has not been identified.
The possibility of a demyelinating action of an-
tibodies is also supported by more recent ani-
mal experiments (see below). In addition, anti-
bodies to MBP are found in the CSF of MS
patients, but it is unlikely that they are demy-
elinating since MBP is localized intracellularly
and is not expressed on the surface of the my-
elin sheaths. Nevertheless, in a clinical study,
the amount of anti-MBP antibodies in the CSF
correlated quite well with clinical progression
and with exacerbation in patients with MS
(Warren and Catz 1986). Part of these anti-MBP
antibodies are bound in immune complexes
which are frequently found in MS patients but
which also contain other, not yet identified, an-
tigens.

The occurrence of intrathecal immunoglob-
ulin production, and particularly of immune
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complexes in MS, leads to the question of
whether the complement system is also in-
volved in the pathogenesis of the disease. Cer-
tainly, signs of intrathecal complement activa-
tion have been found, especially the terminal
components C5 to C9 which form the mem-
brane attack complex and are responsible for
the cytolytic activity of complement (Morgan et
al. 1984; Sanders et al. 1986). Complement acti-
vation could not only be induced by complexed
antibodies, but also by broken myelin, as has
been demonstrated in vitro (Vanguri et al. 1982;
Cyong et al. 1982). Taken together, these fac-
tors seem to indicate that the complement sys-
tem might convey an important effector func-
tion during demyelination.

Since the regulation of immune reactions
within the CNS also involves the interaction of
various cytokines, it is important to quantify
them in the CSF. Of special interest seems to be
the measurement of TNF-a in the CSF, which
showed a relationship between the TNF-a lev-
els and disease activity in MS patients (Sharief
and Hentges 1991). The importance of this find-
ing lies partly in the fact that the gene coding
for TNF-a is located in the region between
HLA-DR and HLA-B, and might therefore be
partly responsible for the genetic association of
HLA haplotypes and MS. It is of relevance in
this context that in certain inbred strains of rats,
the expression of TNF-a by astrocytes corre-
lates with their susceptibilities to EAE induc-
tion (Chung et al. 1991), and that the potency of
the ability of MBP-specific mouse T-cell lines to
induce EAE correlates with their expression of
TNF-a and TNF-p (Powell et al. 1990). Further-
more, a direct cytotoxic effect of TNF-a on oli-
godendrocytes has been described, as well as
an activating effect on endothelial cells and the
induction of astrocyte proliferation. The main
sources of TNF are activated macrophages, but
microglial cells, astrocytes, and T-cells are also
able to produce it. In a recent clinical prognostic
study, the in-vitro TNF production of blood
leukocytes after short-term culture increased
prior to relapses in MS patients (Chofflon et al.
1992).

A second macrophage product which can be
measured in the CSF is neopterin. Neopterin is
a general intermediate metabolic product which
is extensively released by activated macro-
phages after they have been stimulated by
EFN-7. The biological significance of this neop-
terin release is not yet known, but since ele-
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vated serum neopterin levels are found in situa-
tions with activation of the cellular immune
system, the measurement of neopterin levels
has established itself as a diagnostic test with
many applications, for example in monitoring
viral infections, especially AIDS, and transplant
rejection. In about half the number of MS pa-
tients with acute exacerbations or active pro-
gression, elevated CSF neopterin levels have
been found compared to patients in remission
(Fierz et al. 1987). However, this parameter is
not specific for MS since elevated neopterin lev-
els in the CSF are also found in other inflamma-
tory diseases of the CNS.

Cellular parameters

As well as increased levels of immunoglobulins
in the CSF of MS patients, 30% to 50% also have
increased cell numbers. About 90% of these
cells are lymphocytes, and about 90% of these
are T-cells. There are also B-cells, monocytes/
macrophages, and a few polymorphonuclear
cells. The determination of the presence of CD4
and CD8 subpopulations of T-cells in the CSF
was not particularly significant as the numbers
more or less reflect the situation in the blood,
which is discussed later. However, various re-
ports demonstrated that a considerable propor-
tion of the T-cells in the CSF of MS patients are
activated. This was discovered using cell cycle
analysis (Noronha et al. 1980), as well as by the
detection of activation proteins on the T-cell
surface (Bellamy et al. 1985; Hafler et al. 1985).
Increased levels of activated T-cells have also
been found in the blood of MS patients (Golaz
et al. 1983), but reports of augmented sponta-
neous proliferation of blood lymphocytes in MS
patients are controversial. In one study, it was
noticed that peripheral blood T-cells from MS
patients proliferated in vitro during IL-2 treat-
ment for much longer than did T-ceUs from nor-
mal blood donors (DeFreitas et al. 1986). This
prolonged proliferation was accompanied by an
extended expression of IL-2 receptors on the
T-cells. Evidence of a sustained T-cell prolifera-
tion in vivo comes from experiments which
showed increased rates of somatic mutation in
the peripheral blood T-cells of MS patients
(Sriram 1994).

The cause of this state of activation of T-cells is
not yet known. As with the oligodonal bands, it
was speculated that the T-cells might be non-
malignantly transformed, particularly in the light
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of findings that MS patients have antibodies to
certain proteins of HTLV-1. This human retro-
virus transforms T-cells by inducing a pro-
nounced and no regulated expression of IL-2 re-
ceptors, leading to the formation of T-cell
lymphomas. Whereas such antibodies could not
be found by various other groups, one study in
Japan, where HTLV-1 is more common, also de-
tected antibodies to HTLV-1 constituents in MS
patients (Ohta et al. 1986). It is premature to pos-
tulate a role of possibly still unknown retro-
viruses in the etiology of MS, but the question of
whether lymphotropic viruses are etiologically
involved must be pursued further.

Another possible cause of the enhanced acti-
vation level among the T-cells could perhaps be
found in the incompletely understood phenom-
enon that in a special in-vitro experimental setup,
so-called suppressor activity of blood lympho-
cytes from MS patients seems to be diminished.
Whatever the cause may be, the finding of acti-
vated T-cells in the CSF is of some importance
with regard to the experimental pathogenic
mechanisms discussed above, which led to the
assumption that activated T-cells play a central
role in triggering the disease process in MS.

Much was expected from the analysis of lym-
phocyte subpopulations in the peripheral blood
when the techniques to measure them became
available for routine diagnosis, particularly
since some studies showed there to be a change
in the CD4:CD8 ratios in MS patients which
was dependent on the clinical course of the dis-
ease. However, these findings could not be cor-
roborated in subsequent studies, and conse-
quently this analysis has not found a place in
the routine laboratory diagnosis of MS (Za-
briskie et al. 1985). Various functional studies
which described a reduced natural killer (NK)
cell activity, i.e., an antigen-independent cyto-
toxicity of blood lymphocytes, in MS patients
remain controversial, and the phenomenon
needs further clarification.

As with the oligoclonal immunoglobulins, it
would be helpful to know which antigens are
being recognized by the T-lymphocytes in the
CSF of MS patients, especially when they are
activated. But here also the picture is still
cloudy. Although techniques are now available
to culture T-cells from the CSF and to clone
them in vitro so that abundant cells are avail-
able for analyses, no disease-specific specificity
of the T-cells against a particular antigen has
emerged. Occasionally, T-cell clones can be
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found which recognize some viral antigens, but
presumably, like the virus-specific B-cells or im-
munoglobulins in the CNS, these represent
T-cells present in the blood from earlier viral in-
fections which have randomly intruded into the
CNS during an inflammatory infiltration
(Fleischer et al. 1984).

There has recently been intensive effort in
many laboratories to characterize T-cell clones,
grown mainly from the peripheral blood and
partly from the CSF of MS patients and con-
trols, which are directed against MBP, the main
antigen of the animal model EAE. This effort
has so far led to the following conclusions (re-
viewed by Martin et al. 1992). (1) MBP-specific
T-cell clones have been regularly found in MS
patients as well as in healthy controls, albeit in
slightly larger numbers in the former. (2) The
fine specificity of the clones is heterogeneously
directed toward various epitopes of MBP. In
one of the studies, with 13 patients and 10 con-
trols, 215 T-cell lines recognized at least 26 dif-
ferent epitopes, with only slight differences be-
tween patients and controls (Meinl et al. 1993).
However, a minority of patients showed a more
restricted oligoclonal response which persisted
over time, as has been observed with oligoclo-
nal immunoglobulins. (3) The T-cell clones are
mainly HLA-DR restricted, but the HLA-DR al-
leles involved are heterogeneous as well, even
when the same epitopes of MBP are recog-
nized. Again, there was no difference between
MS patients and healthy controls. (4) The use of
T-cell receptor genes by the clones is also het-
erogeneous, with regard to both epitope recog-
nition and HLA restriction.

The cellular findings have so far been disap-
pointing, and have to some extent made the
prospect of an immune-specific therapy for MS
less likely. On the other hand, only one antigen
(MBP), possibly out of many other candidates,
has been extensively studied in this way and,
for practical reasons, T-cells have mainly been
cloned from the peripheral blood rather than
from the infiltrated MS plaques. A myelin anti-
gen other than MBP which has been studied in
this context is PLP, which was recognized by
T-cell clones in a similar heterogeneous, non-
disease-related fashion. However, a more re-
cent investigation indicates that a quantitatively
minor myelin protein, the oligodendrocyte gly-
coprotein (MOG), might be a more disease-spe-
cific target of cellular immune reactions in MS
patients (Kerlero de Rosbo et al. 1993). This
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protein also seems to have some important role
in the EAE model, as discussed below.

In summary, changes in immunological pa-
rameters, both humoral and cellular in nature,
are certainly present in MS patients. The main
alterations are found in the CSF, which con-
firms that the disease is restricted to the CNS.
The nature of the changes can best be charac-
terized as a chronically exacerbating non-
specific state of activation of both the T-cell and
the B-cell systems, as well as of the macro-
phages. Specific immune mechanisms against
viruses or autoantigens are observed, but seem
not to be strictly disease related. Some observa-
tions point in the direction of a nonmalignant
transformation of B-cells and T-cells, leading to
oligoclonal proliferation, but there is no clear
evidence for this.

Immunological aspects of animal models

There are two kinds of animal models for hu-
man disease: (1) spontaneous disorders in labo-
ratory animals which sometimes come very
close to the human affliction but which can only
be poorly manipulated and which pose prob-
lems similar to those of human disease for
pathogenic studies; and (2) experimentally in-
duced disorders which can easily be manipu-
lated but which very often have associated ex-
perimental artifacts, and only partly mirror the
human disease. For the study of MS, practically
no spontaneous animal models are so far avail-
able. Experimental models of MS, on the other
hand, are among the oldest and best studied
immunological models. Two types of experi-
mental disorders are mainly studied, namely
autoimmune and viral-induced models. In
both, the immune system seems to play a major
pathogenic role. The following section does not
include discussion of all animal models of MS
individually, but is a synopsis of some of the
most recent aspects of immunology.

Autoimmune models

The classical principle in experimentally induc-
ing an autoimmune disease is to immunize the
laboratory animal with organ extracts in com-
plete Freund's adjuvant. Experimental autoim-
mune encephalitis is induced by immunizing
animals with homogenized CNS material or
with purified components thereof. The main
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disadvantage of this technique is the almost un-
limited persistence of the antigen at the site of
immunization, due to the persistence of the ad-
juvant. It follows that the disease evolves in the
constant presence of an antigen deposit which
continues to stimulate the immune system at a
site distant from the target organ, in this case
the CNS. This situation is therefore artificial
since there is no evidence to suggest that im-
munogenic CNS antigens are present outside
the CNS in MS. It is also difficult to study im-
munoregulatory mechanisms with this tech-
nique because of the persistent stimulation by
the antigen deposit.

Therefore, attempts were made some time
ago to separate the immunization phase of EAE
from the effector phase by transferring the
pathogenic principle from the diseased animal
to a healthy recipient. When this procedure is
successful, it is possible to examine the patho-
genic principle, and this technique has been
used to show that the disease can be trans-
ferred with T-lymphocytes, but not with se-
rum. It then became possible to grow these
T-cells as lines and clones in vitro, and to select
them with regard to their antigen specificity. In
this way, the capacity of the T-cells to be en-
cephalitogenic in the recipient animal was not
only preserved but also enhanced. This has led
to the final proof that T-cells represent the spe-
cific pathogenic principle in EAE (Ben-Nun et
al. 1981).

Subsequent studies with these encepha-
litogenic T-cell lines and clones has revealed the
following (reviewed by Wekerle and Fierz 1985;
Martin et al. 1992).

• The disease-transferring T-cells are exclu-
sively of the CD4 subtype. They are only en-
cephalitogenic when they have the right
specificity and have been freshly activated in
vitro before transfer. This demonstrates the
fundamental role of immune-specific acti-
vated CD4 cells in the induction of EAE.

• The encephalitogenic T-cells are specific for
myelin proteins. The main antigen used is
MBP or its peptides, but other T-cell lines
have also been described which are, for ex-
ample, specific for the apoprotein of PLP,
DM-20. T-cells which are specific for antigens
that are irrelevant to the CNS (for example
ovalbumin) do not induce any EAE. This
demonstrates that the recognition of CNS an-
tigens is necessary for the induction of EAE.
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• Because of the MHC restriction of the T-cells,
transfer experiments are mainly conducted in
inbred strains of mice and rats. In these ge-
netically homogeneous animals, the same
epitopes of MBP are always recognized. This
allows for the construction of synthetic pep-
tides which are not encephalitogenic them-
selves but which block the presentation of
natural peptides of MBP. The in-vivo applica-
tion of such peptides can inhibit the develop-
ment of EAE. In certain inbred strains, the
same T-cell receptor genes are regularly used
by the T-cells to recognize the MBP peptides.
This allows the evolution of EAE to be inhib-
ited by in-vivo application of antibodies
against these T-cell receptor types. Both facts
together have given rise to hopes that MS
could be treated with immune-specific thera-
pies. Since, in contrast to inbred animals, the
genetic background in MS is very hetero-
geneous, despite some genetic susceptibility
to disease, and since the pathogenic antigens
are not yet known in the human disease, the
hopes for immune-specific intervention have
not yet been fulfilled (see above).

• In the rat, the adoptive transfer of encepha-
litogenic T-cells elicits an acute EAE, with
paralytic symptoms first apparent after 4
days, a disease climax at day 7 to 8, and com-
plete recovery after 3 weeks. The severity of
such induced EAE is dependent on the num-
ber of transferred cells. Minimal symptoms
can be evoked with 104 cells; more than 106

cells are lethal. Normally, 100% of the in-
jected animals become diseased. The short la-
tency period, the cell-dose dependence, and
the homogeneous course of disease in all re-
cipient animals make cell transfer EAE a very
suitable animal model.

• The pathology of the induced disease con-
sists of an acute, focal, perivascular, lympho-
monocytic infiltration of the CNS, with in-
volvement of the meninges. In contrast to
MS, no consistent demyelination is observed.
This clearly demonstrates that inflammatory
changes alone, without obvious demyelina-
tion, can lead to extensive paralysis, but it
also means that the disorder only partly mim-
ics the pathology of MS.

• The induction of EAE with T-cells can be in-
hibited by the following measures: (1) irradia-
tion of the T-cells before injection, which hin-
ders their proliferation; (2) treatment of the
recipient animal with immunosuppressive

W. Fieri

drugs such as cytostatics or cyclosporin A,
which represses cytokine production; and (3)
treatment of the recipient animal with anti-
bodies against activated T-cells. This demon-
strates that the capacity of the T-cells to pro-
liferate and to produce cytokines in vivo is
essential for the induction of EAE.

• Animals which recover from transfer of EAE
show a certain resistance to further induction
of EAE by classical immunization with MBP.
Such an immunity can also be achieved by in-
jection of activated T-cells made nonen-
cephalitogenic by irradiation, which indicates
that such T-cells can be used to vaccinate
against EAE. This demonstrates that T-cells
induce immunological counter-regulations.
The above-mentioned observation, that in in-
bred strains of animals only certain subtypes
of T-cell receptors are used to recognize MBP,
has led to the possibility of immunizing ani-
mals with specific synthetic peptides of the
T-cell receptors involved, so that the treated
animals acquire resistance to EAE.

The main difference between this cell transfer
model and MS is the lack of demyelination and
the acute, nonrelapsing and remitting course of
the disease in the animal model. In contrast to
this, in some EAE models induced by classical
immunization, both demyelination and chro-
nicity are observed. Whereas the chronicity is
probably artificially caused by the persistent an-
tigen deposit used for immunization, the de-
myelination could perhaps be explained in two
ways. Firstly, in most of these models, whole
CNS homogenate has to be used for immuniza-
tion, which suggests that possibly antigens oth-
er than MBP are required for demyelination.
Secondly, in the immunization model, both the
cellular and the humoral parts of the immune
system are involved, and it has been argued for
some time that demyelination is mediated by
antibodies. Yet, in the T-cell transfer model, an-
tibodies do not seem to be involved.

Recently, however, it became possible to al-
low the cellular and humoral parts to be com-
bined, under well-controlled conditions, in the
transfer model. When, by using a small dose of
T-cells to induce subclinical EAE, the animal is
additionally treated in the early phase, at day 4
or 5, with a monoclonal antibody against MOG
(Linington et al. 1984a), a massive EAE devel-
ops with extensive demyelination (Fig. 3.9; see
also Chapter 2; Linington et al. 1988). Anti-
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Synergy between autoimmune T-cells and antibodies
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Fig. 3.9. Synergism between MBP-specific T-cells and
antibodies against the myelin oligodendrocyte glycopro-
tein, MOG. Four Lewis rats were injected at day 0 with
105 MBP-specific T-cells; at day 4, two of the animals
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received in addition 5 mg of a monoclonal antibody to
MOG. The MOG-treated animals showed a rapidly
progressing demyelinating EAE, with a lethal outcome at
day 8.

bodies against the same glycoprotein have also
been found in the immunization model in the
guinea-pig in correlation with the clinical
course. Since these antibodies alone are not ca-
pable of inducing EAE, it is appropriate to
speak of an actual synergy between T-cells and
antibodies in this model. It is very likely that
the T-cells are needed to open the blood-brain
barrier and thus to allow the antibodies to reach
the CNS. Furthermore, the T-cells are required
to recruit macrophages which, together with
the antibodies, are able to destroy the myelin.
The EAE is not only enhanced by this mecha-
nism, but also prolonged, since the repair by
remyelination takes time. However, these ani-
mals also recover completely, and so far no re-
lapses or chronic developments have been ob-
served except when the animals are repeatedly
treated with T-cells and antibodies (Linington
et al. 1992a).

In summary, it is now possible to separate
the cellular and humoral sides of the classical
animal model, and to recombine the well-de-
fined components under controlled conditions.
Nevertheless, the question as to which mecha-

nisms lead to relapses and chronicity still re-
mains unanswered.

With regard to the genetic influence on the
susceptibility to MS (see p. 33), the genetics of
EAE are discussed here. Since EAE models are
studied in inbred strains of animals, and since
only certain strains are susceptible to EAE, ge-
netic questions can be particularly well ad-
dressed. A main generic influence on the sus-
ceptibility to EAE comes from the MHC. Other
genes outside the MHC also play a role. These
non-MHC genes, however, have not yet been
completely identified. The MHC genes control
the specificity of the recognition of MBP by the
T-cells since in different inbred strains of ani-
mals, different epitopes are recognized. Such
disparities in the fine specificity of T-cells may
be enough to alter the disease-inducing capaci-
ty of the T-cells (Beraud et al. 1986). The influ-
ence of MHC genes on the fine specificity of
T-cells probably holds true also for other anti-
gens, and is for the time being the best hypoth-
esis to explain the influence of the HLA genes
on the susceptibility to MS in humans. How-
ever, the effect of a particular HLA allele might
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not only encompass the specificities toward
CNS antigens, but will probably also show up
in antiviral immune responses which are not
necessarily related to the etiology of MS.
Hence, the altered immune response against
measles viruses in MS patients, which has been
observed both at the cellular level (Jacobson et
al. 1985) and at the humoral level (Hankins and
Black 1986), might be related to certain HLA
haplotypes.

Viral models

In the viral animal models of MS, it also became
increasingly obvious that the immune system
represents an essential pathogenic factor. In
principle, it is possible to distinguish between a
direct cytopathic effect of a virus and the direct
and indirect effects of the immune system
which, on the one hand, strives to eliminate the
virus by destroying the virus-infected cells,
and, on the other hand, evokes autoimmune
reactions. The three mechanisms (viral, anti-
viral, and autoimmune), which all lead to tissue
destruction, are variably expressed in different
viral models, but in reality it is difficult to dis-
cern to what extent the individual components
are involved. The pathogenic effect of the im-
mune system can be estimated by comparing
the course of disease in infected normal animals
with that in infected animals which carry an ex-
perimentally suppressed immune system. The
autoimmune component which is triggered by
the virus can be demonstrated by transfer ex-
periments. In the mouse hepatitis virus model
(JHM) in the LEWIS rat, it was possible to iden-
tify in this way encephalitogenic MBP-specific
T-cells in animals with viral encephalitis (Wat-
anabe et al. 1983).

There are various ways to explain how a viral
infection can trigger an autoimmune reaction.
One hypothesis which has been revived by the
modern techniques of molecular biology and
computer technology states that in certain viral
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proteins, there are amino acid sequences which
are similar to those in proteins of the CNS (for
example, MBP or PLP), which might lead to im-
munological cross-reactions (Shaw et al. 1986).
Knowing, however, that the specific antigen
recognition of T-cells is able to distinguish sin-
gle amino acid changes within an epitope, the
idea of sequence similarities is not yet very per-
suasive. To support the hypothesis, it has not
only to be shown that actual cross-reactions be-
tween T-cells specific for viral and autoantigens
occur, but it also has to be demonstrated that
such T-cells are pathogenic when transferred
into a healthy animal. These experiments are
mandatory, since the disease-inducing capacity
of T-cells is dependent on the right epitope be-
ing recognized, so that not every cross-reaction
is necessarily pathogenic.

Viral models, like autoimmune models, are
also genetically controlled, and the influence of
MHC and non-MHC genes is effective here. In
the case of the murine encephalitis triggered by
the Theiler virus, it was found that a non-MHC
gene which affects the susceptibility to the dis-
ease is very closely linked with the genes which
code for the p chain of the T-cell receptor
(Melvold et al. 1987). This observation supports
the theoretical expectation that in MS also, as-
sociations to HLA and to polymorphic variants
of the T-cell receptor genes should be found.

To summarize, the main points are as follows.
Animal models and MS coincide in many im-
munological respects - in immune pathology,
immune genetics, and the functional indica-
tions for actively ongoing immune processes.
But one essential point so far separates MS
from all models: whereas immune reactions in
all models are clearly directed against well-de-
fined viral antigens or autoantigens, it is still
unclear which antigens might be of prime im-
portance in MS. The lack of an answer to this
question is, of course, related to the fact that
the etiology of MS is still unknown.



Epidemiology

INTRODUCTION

Studies into the prevalence of MS in Switzer-
land by Bing and collaborators (Bing and Reese
1926) rank among the pioneering works in epi-
demiology. Since then, two main types of epi-
demiological method have been used in the
study of MS. First, numerous studies attempt
to determine prevalence and incidence rates of
the disease in different geographical regions as
precisely as possible in order to find a pattern of
disease distribution which would elucidate its
etiological factors. Second, by comparing peo-
ple affected by MS with healthy individuals in
the same population, specific factors become
apparent by which MS patients may be distin-
guished from nonaffected people. Factors are
sought by these methods which cause or trigger
manifestations of the disease. Such factors may
either be related to genetic disposition or be en-
vironmental in nature. Theoretically, epide-
miological studies should be able to answer the
questions raised. However, they are burdened
with methodological difficulties because the ep-
idemiologist - in contrast to the experimenter in
a laboratory - is not able to determine the ex-
perimental conditions under which the studies
are carried out. It is therefore of the utmost im-
portance that a rigorous methodology is re-
spected in such studies (Kurtzke 1983b; Nelson
et al. 1986; Martyn 1991; Beer and Kesselring
1994).

Precise criteria must first be determined by
which the reliability of the clinical diagnosis can
be verified. Because no single pathognomic test
is available, the probability of the diagnosis
must be checked against lists of criteria. These
criteria now include clinical findings as well as
data from electrophysiological and chemical ex-
aminations and imaging procedures (see Chap-
ter 8). Only those cases which satisfy such well-
defined diagnostic criteria should be included

in epidemiological studies. This prerequisite
makes comparisons possible between studies in
which similar diagnostic criteria have been ap-
plied. If they are applied rigorously, the diag-
nosis of MS is as accurate and reliable as, in other
circumstances, is that of myocardial infarction
(Ebers 1984). The diagnosis of MS made on
these grounds is sufficiently accurate when
compared with the pathological definition of
the disease to enable reliable data to be gath-
ered from epidemiological studies.

Within a defined population at a defined
point in time, there exists a limited number of
affected people. Most of them will show clinical
symptoms of the disease (symptomatic cases); a
certain number will be clinically asymptomatic,
and any suspicion of the presence of the dis-
ease will be based on paraclinical examinations;
and an undefined number may be affected by
the disease without having any symptoms or
signs at the time of examination (see Chapter
10). Studies on postmortem material are less
relevant from an epidemiological point of view
because such examinations are only rarely per-
formed on diseased MS patients, although they
would represent the most accurate means of di-
agnosis.

After determining the diagnostic accuracy,
the rates of various parameters may be deter-
mined by which the prevalence of the disease
may be ascertained in a particular area. Such
rates are usually related to a population of
100,000 inhabitants.

Incidence rate

The incidence rate is defined as the number of
new cases of a disease which appear within a
defined period of time (usually one calendar
year) within the population examined. The
start of the defined period can be taken as the
time at which the first symptoms occur or as the
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time of diagnosis. In a disease such as MS, the
onset of which is so difficult to define clinically,
it is impossible to obtain exact incidence rates.
They would, however, be the only rates to indi-
cate biologically significant fluctuations of dis-
ease frequency.

Mortality rate

The mortality rate determines the number of
people who die of a disease within a defined
period of time. It is also related to 100,000 in-
habitants per year. Because MS is only rarely
the primary cause of death, and therefore ap-
pears only rarely in statistics of causes of death,
mortality rates play only a limited role in epi-
demiological studies of this disease. Statistics
from the World Health Organization show, in
most Western countries, a decrease in MS mor-
tality of up to 25% over the last 30 years (Wil-
liams et al. 1991), whereas it seems to have
remained constant in Northern and Eastern Eu-
ropean countries (Lai et al. 1989).

Prevalence rate

The prevalence rate on a defined date (point
prevalence rate) is the number of patients living
on that date within the defined area, per
100,000 inhabitants in the area. Prevalence rates
of MS are usually used in epidemiological stud-
ies of this disease. They depend on the inci-
dence and duration of the disease, as well as on
the availability of medical care, the accuracy of
the studies, and the willingness of physicians
to notify the epidemiologists of their cases. If
incidence rate and mortality rate remain con-
stant over time, and if no significant migration
occurs, the prevalence rate is the product of the
average incidence rate and the average disease
duration. Because population groups differ in
their age structure, it is more appropriate to de-
fine age-specific rates, i.e., rates according to
age groups.

If a disease such as MS is relatively rare in an
average population, its frequency cannot really
be determined by direct questioning of all the
inhabitants about the symptoms or signs of this
disease. References from diagnosed cases must
usually be accepted. It cannot be avoided that
clinically relevant cases are not always found,
and therefore even in the most accurate study,
prevalence rates may only indicate the lower
limit.

I. Kesselring
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Fig. 4.1. Prevalence rates of MS per 100,000 inhabit-
ants in relation to geographical latitude in Europe. (After
Kurtzke 1983b.)

GEOGRAPHICAL DISTRIBUTION OF
PREVALENCE

The results of studies on the frequency of MS,
which have been obtained from over 200 preva-
lence studies in Europe which satisfy a well-
defined quality demand (Kurtzke 1983b; Dean
1984), are summarized graphically in Fig. 4.1,
in terms of the relationship between prevalence
rates and geographical latitude. In Europe, the
prevalence of MS rises with increasing geo-
graphical distance from the equator.

A high prevalence rate (more than 30 cases
per 100,000 inhabitants) is found mainly be-
tween 44° and 64° latitude; a zone of medium
prevalence (4-30 cases per 100,000 inhabitants)
is found between 32° and 47° latitude. Near the
equator, MS appears to be very rare. It is not
certain whether prevalence increases continu-
ously toward the poles, or whether "breaks"
occur in which areas with high and low preva-
lence may be distinguished. These differences
of prevalence rates in relation to geographical
location cannot be explained as methodological
artifacts, but seem to be a real biological phe-
nomenon of the disease.

In the U.S., the observation of a North-
South gradient of MS prevalence which was
proposed by Limburg in the 1920s has been re-
peatedly confirmed in numerous later studies
(Baum and Rothschild 1981; for a review see
Kurtzke 1983b). A zone of high prevalence is
found north of 37° latitude; the average preva-
lence rate is 60 per 100,000 inhabitants.
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In Asia, prevalence rates of MS also appear to
follow a North-South gradient. In comparison
to similar geographical locations in Europe and
America, prevalence rates in Asia (for example,
in Japan) are lower by a factor of 10 (McDonald
1983a; 1986).

It is of interest that in Africa, only rare cases
of defined MS have been reported. Even if one
only considers the reports from hospitals, it
seems reasonable to assume that MS is ex-
tremely rare in black Africa. Among whites in
South Africa, the disease is as frequent as in the
Mediterranean region, and corresponds to a
medium-risk zone.

According to earlier studies, a zone of high
prevalence is defined in Australia and New
Zealand between 34° and 44° southern latitude;
further toward the equator, MS is found, as
in the northern hemisphere, with a medium
frequency. More recent studies confirm this
North-South gradient (Miller et al. 1990), and
point to an average prevalence of 69 per 100,000
inhabitants (Miller et al. 1986). The disease is
very rare among indigenous Maoris.

Overall, these data can be summarized as in-
dicating that cases of MS are very rare in re-
gions near the equator, their prevalence in-
creasing toward the poles in both hemispheres.

GEOGRAPHICALLY WELL-DEFINED
REGIONS

Because MS is relatively rare, it is recom-
mended that more accurate epidemiological
studies be carried out in populations which are
not too large (less than 1 million inhabitants),
and in geographically circumscribed regions
(Dean 1984; Martyn 1991). This allows the ex-
amining epidemiologist personally to check the
reliability of the diagnosis and the population
statistics.

In southern Lower Saxony, a well-defined
epidemiological area of about 0.25 million in-
habitants has been studied systematically since
1968 with regard to cases of MS. Between 1969
and 1983, the prevalence rate increased from 51
to 89 cases per 100,000 inhabitants, whereas the
incidence rate remained constant over the same
period. This increase in prevalence rate can be
explained in terms of a longer than average dis-
ease duration, and a longer life expectancy,
which has been confirmed in several other
studies concerning the course of the disease
(see below). Another factor to explain this
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change in prevalence rates may also be the
change in the age structure of the normal popu-
lation (Martyn 1991).

The idea that high prevalence rates over a
limited period of time within a defined region
may be interpreted as a biologically relevant
phenomenon in the sense of a true epidemic
(Kurtzke 1983b) has not remained unchal-
lenged (Lauer 1986). An accumulation of cases,
such as has been observed on the Faeroe Is-
lands (Kurtzke and Hyllested 1979; 1988) and in
Iceland (Kurtzke 1980) since the Second World
War, may only be interpreted as an increase in
prevalence rate if equally reliable data are avail-
able for the time period before and after the ap-
parent "epidemic" (Poser et al. 1992). On the
Faeroe Islands, no single case of MS appears to
have been identified before the year 1942,
whereas in the years up to 1960, 24 definite
cases were recorded. In subsequent years, only
a single case was diagnosed, in 1970.

In the Orkney and Shetland Islands off the
Scottish coast, careful studies revealed the
highest prevalence rates (Poskanzer et al. 1980):
309 and 194 cases per 100,000 inhabitants. A
more recent statistical analysis on these islands
(Cook et al. 1985) demonstrated a reduction in
the incidence rate. This reduction is interpreted
as due to a diminished efficacy of a putative
pathogenic factor from the environment, since
it is assumed that the genetic background of the
population examined has not changed (Swing-
ler and Compston 1986).

In Great Britain, an overview of all preva-
lence and incidence studies carried out during
this century (Swingler and Compston 1986;
Phadke 1987) demonstrates again a North-
South gradient of the prevalence of MS. There
are, however, some regions which do not fol-
low this rule (Orkneys: 258; North-East Scot-
land: 155; Wales: 113; East Anglia: 130 (Mum-
ford et al. 1992); Northern England and
Northern Ireland: 76-79; Southern England: 63
- all figures per 100,000 inhabitants). As far as
comparisons are applicable in terms of variation
of methodology, there is a linear relationship
between the prevalence of MS and the distribu-
tion of the genetic marker DR2. This may be
taken as an argument for the role of genetic in-
fluences on disease development (Spielman
and Nathanson 1982).

The most recent studies from North America
concerning MS are based on the registry of the
Mayo Clinic in Olmstedt County, which is one
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of the most accurate sources of material for epi-
demiological examination. The data point to a
prevalence of 160 in Rochester and 173 in Min-
nesota, per 100,000 inhabitants (Wynn et al.
1990).

In general, epidemiological studies into MS
prevalence carried out later show a higher prev-
alence for the same region than earlier ones
(Beer and Kesselring 1994). This may be due to
increased life expectancy of the affected people,
and to better ascertainment of the relevant
cases in the second study. Furthermore, it may
be assumed that physicians working in a cir-
cumscribed area become more aware of the dis-
ease after the first epidemiological study, and
are more willing to refer their cases.

According to more recent studies of the prev-
alence of MS in Switzerland (Beer and Kes-
selring 1988; 1994; Groebke-Lorenz et al. 1992),
carried out in various regions (Basel City and
Canton Beme), there seems to be a minimal
prevalence rate of 110 cases per 100,000 inhabit-
ants. Compared to earlier prevalence studies in
Switzerland (Bing and Reese 1926; Georgi et al.
1961b), this indicates a doubling of prevalence
rates every 30 years - 1922: 20.3; 1956: 55.4;
1986: 110.4. The increase between 1922 and
1956 may be explained by methodological fac-
tors, whereas in more recent studies an in-
crease in life expectancy of MS patients may be
responsible. Since the prevalence rate is the
product of incidence and disease duration, it in-
creases in proportion to the average disease du-
ration if incidence rate remains constant. In
three earlier American studies (Ipsen 1950; Car-
ter et al. 1950; Lazarte 1950), an average disease
duration of 13 to 17 years was found, whereas
in more recent studies an average disease dura-
tion of 25 (Phadke 1987) to 30 years (Frey 1986)
has been reported. If disease duration doubles
within the same time period as the prevalence
rate, it may be inferred that the incidence rate
within the same time period has remained con-
stant. This may also be inferred from estimates
of incidence rates based on a comparison of
mortality rates and prevalence (Confavreux et
al. 1980; Beer and Kesselring 1994). Most stud-
ies, although of different methodologies, indi-
cate an incidence rate of between 3 and 5 per
100,000 inhabitants per year.

Even in such small regions as the Swiss Can-
ton Berne (fewer than 1 million inhabitants),
regional differences may be found which are
statistically significant but very difficult to inter-

/. Kesselring

pret. In large cities (more than 50,000 inhabit-
ants) an average prevalence was found of 136.3
cases per 100,000 inhabitants; in smaller towns
(with between 10,000 and 50,000 inhabitants)
137.7 cases; and in villages (with fewer than
10,000 inhabitants) 97.3 cases per 100,000 in-
habitants. This difference was reported by
Georgi et al. in 1961b. According to our study,
prevalence is much higher in communities
lying above 1000 meters above sea level (128.4
cases per 100,000 inhabitants) when compared
to the average value in the Canton. The signifi-
cance of this finding is not clear.

MIGRATION

If we accept that different prevalence rates in
various geographical areas reflect a true biolog-
ical phenomenon of MS, and that they express
the risk of developing the disease within an
area, it is of particular interest to examine
whether the statistical risk of developing the
disease changes if a population group migrates
from an area with a high MS risk to an area with
a low risk, or vice versa. Such studies have be-
come possible now that migrations of popula-
tions occur over large distances.

Based on the pioneering work of Dean and
collaborators (Dean and Kurtzke 1971; Dean et
al. 1976), such migration studies have been car-
ried out primarily in South Africa, Israel, and in
an area of Greater London, England. Unfor-
tunately, they are based on a rather small num-
ber of cases, but their results may be summa-
rized as follows.

If the risk of developing MS is determined in-
dependently from the age at which migration
occurred, it corresponds largely to the risk of
the country of origin (Kurtzke 1983b). If the age
at the time of migration is taken into account,
and migration occurs during adult life, the risk
remains that of the country of origin. On the
other hand, the risk of the host country is ac-
quired if migration occurs before the age of 15
years. This observation has been interpreted as
meaning that the pathogenic factor relevant to
the development of MS must be effective before
the age of 15 (see Chapter 5). At least, it may be
assumed that the time before puberty is the crit-
ical period during which geographical location
is relevant for the determination of disease
probability (Fishman 1982). Certainly, the risk
of developing the disease is determined at least
several years before the appearance of its clini-
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Fig. 4.3. Prevalence of MS per 100,000 inhabitants in
relation to age and gender.

cal manifestations. To infer more from migra-
tion studies would be mere speculation.

DISTRIBUTION ACCORDING TO ACE, SEX,
FAMILY, AND RACE

Comparison with numerous other studies indi-
cates that our prevalence studies have pro-
duced representative data (Beer and Kesselring
1988; 1994). A total of 1016 MS patients were
involved who satisfied the criteria proposed by
C. M. Poser et al. (1983) for probable or definite
MS risk. Based on these data, some further as-
pects of MS epidemiology can be given.

• The mean age of all patients was 50.7 ( + / -
14.7) years. There was no difference with re-
gard to gender. The mean disease duration at
the time of examination was 17.4 ( + / - 12.1)
years.

• The distribution according to different age
groups is shown in Fig. 4.2: 47.6% of the MS
population are between 40 and 60 years old;
0.7% are below 20 years; and 1% are above 80
years.

• Age-specific prevalence rates according to
gender are shown in Fig. 4.3: the highest age-
specific prevalence is found in the age group
between 45 and 50 years (302.7 per 100,000
inhabitants).

• Gender distribution: of 1016 patients, 63.9%
were female, and 36.1% were male, corre-
sponding to a ratio of 1.8:1 (female:male). A

similar sex ratio is found in most of the more
recent studies, whereas in earlier reviews
(Brain 1930), a predominance of males was
reported. Whether a change in sex prepon-
derance has occurred over the years cannot
be ascertained in retrospect.
Sex-specific prevalence is 137.3 per 100,000
inhabitants for females, and 82.0 per 100,000
inhabitants for males, a difference which is
highly significant.
We found familial cases in our own study in
8.6%, whereas even higher percentages have
been found by other authors (Ebers 1983:
12.5%; Sadovnick et al. 1988: 17.5%; Wiks-
trom et al. 1984: 29%). The risk decreases
within a family with increasing degree of re-
lationship from the infected person. Relative
risk is 20 for siblings, 12 for parents and chil-
dren, and 5 for cousins. We cannot see any
reason to separate familial cases from sporad-
ic ones as single clinical entities, as has been
proposed.
Differences according to race and ethnic
groups: the literature may be summarized by
saying that MS only rarely exists in Bantu, Es-
kimos, Hungarian gypsies, and Hutterites in
Northern America (Kurtzke 1983b; Waksman
and Reynolds 1984), and that it is 10 times
less frequent in oriental races than in popula-
tions of Northern European or North Ameri-
can origin living in comparable geographical
locations (McDonald 1986).
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The preceding chapters provide an overview of
the pathology of MS and its relationship to ex-
perimental models (Chapter 2), on genetic dis-
position and immunological changes (Chapter
3), and on some epidemiological characteristics
of the disease and its geographical distribution
(Chapter 4). The following is an attempt to de-
velop the basis of a modern concept of disease
mechanism, and, in particular, of the patho-
genesis of the plaques which are fundamental
to it. It is unavoidable that some aspects are hy-
pothetical, since the true cause of the disease is
not known. Out of the mosaic of knowledge, a
picture of pathogenesis is emerging based on
the best proven facts.

GENERAL PATHOGENESIS

The prevalence of MS varies widely in relation
to geographical location and the ethnic back-
ground of the population examined. As dis-
cussed in Chapter 4, there is an increase in the
prevalence of MS with increasing geographical
distance from the equator in Europe and North-
ern America. This is not a methodological arti-
fact, but reflects a true biological characteristic
of the disease. A similar North-South gradient
is found in Japan, although the prevalence rates
there are lower by a factor of 10 than those at
similar geographical latitudes in Europe and
Northern America.

In some ethnic groups, such as Bantu, Eski-
mos, Hungarian gypsies and Hutterites in the
U.S., MS appears to be extremely rare; whereas
in certain geographical areas such as the Faeroe
Islands and West Finland, accumulations of
cases are described. The results of migration
studies indicate that environmental factors are
probably operative in MS pathogenesis, al-
though any concept of the pathogenesis of I/S
has to take into account genetic factors as well.
If a genetic influence on the disposition to the

disease (MS susceptibility) is postulated (see
below), the possibility of a genetically regulated
protective influence must also be considered.
More recent studies allow for differentiation be-
tween pathogenically heterogeneous disease
courses. This is of prognostic importance, and
has to be taken into account in therapeutic
studies.

Genetic factors

Familial cases

Familial accumulations of definite MS cases
over several generations are known, but it is
obvious that they do not follow a simple Men-
delian trait. Genetic examinations of affected
families demonstrate this is not due to common
environmental factors within a family (Francis
et al. 1987). Such examinations point to an un-
usual combination of genetic factors which are
responsible for susceptibility to environmental
factors and the immunological reactions to
them (Hartung et al. 1988). The risk of develop-
ing MS is 30 to 40 times higher for first-degree
relatives than the average risk of 0.1% in the
normal population (Sadovnick 1988; 1993).

Twin studies

Indications of a genetic influence on a disease
may be gained from twin studies. In the context
of MS, early studies of this type had the disad-
vantage that only twin pairs were described in
which both twins were affected by the disease.
This negative selection is excluded if MS pa-
tients are asked whether or not their twins are
affected (Ebers et al. 1986). The incidence of
1:80 obtained by this method corresponds to
that found in the normal population, which
makes a negative selection influence unlikely.
A concordance rate of 30% is found in mono-
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zygotic twins, and of 2.5% in dizygotic twins,
which corresponds to the familial risk (Sadov-
nick et al. 1993). Pathological findings in CSF or
in magnetic resonance imaging (MRI) of the
brain in manifest MS occur more often in the
nonaffected twins of MS patients than in the
general population (McFarland et al. 1984).

HLA associations

There is a proven association between MS prev-
alence and certain HLA antigens which are
coded for on chromosome 6 and are responsible
for the control of immune regulation, but this
does not occur everywhere to the same degree.
The most strongly associated genetic marker
(DR2) is found in a fifth of the normal Caucasian
population of Nothern Europe, whereas it is
found in more than half of the MS patients in
the same regions. On the Orkney and Shetland
islands, which are the regions with the highest
MS prevalence (more than 250/100,000 inhabit-
ants), an association of the disease with DR2 is
not demonstrable because this genetic marker
is also widely distributed in the normal popula-
tion (Compston 1982). In Europe, the preva-
lence of DR2 shows a North-South gradient
similar to that of MS. DW2 (which is probably
identical to DR2) appears to be very rare in the
black African population, where MS also occurs
only very rarely (McDonald 1986). Because the
occurrence of DR2 is not correlated everywhere
with an accumulation of the disease, and is not
present, for example, in Arabs, Japanese and
Israelis, an MS disposition gene may be postu-
lated, but it cannot be identical to one of the
HLA loci known so far (Compston et al. 1986).
DR2 is neither necessary in all cases, nor suffi-
cient as a single cause to induce the disease.
Rather, it may indicate, together with other ge-
netic markers, for example markers which code
for the complement system and antibody struc-
ture (chromosome 14), an individual suscepti-
ble to developing the disease when induced by
factors from the environment. There are indica-
tions that the course of the disease and its se-
verity may be associated with a particular ge-
netic constellation: A3, B7, and DR2 are found
more often in women and in more benign
cases; Al, B8, and DR3 more often in men with
a more severe disease course (Hammond et al.
1988).

There is no doubt that the HLA molecules of
Class I and II control the reciprocal recognition
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of cells of the immune system, although the ex-
act mechanisms at the molecular level are not
fully understood. The most important point for
an understanding of pathogenesis is the fact
that they not only initiate the immune reaction,
but modulate it. If, as explained previously, the
epidemiological data are interpreted as show-
ing that infections in childhood are the initial
event in the development of MS, then MS be-
haves similarly to most known autoimmune
diseases: an external factor leads to tissue
changes by which cell antigens are liberated
and neutralized by an immune reaction. The
factors which determine the site of such an im-
mune reaction, wherever it persists, have not
been sufficiently clarified, but certainly the
HLA system plays a part. All diseases which
are based on an autoimmune mechanism show
a correlation to gene products which are coded
for by the HLA complex. A strong association,
as is found in MS, may be taken as an indica-
tion of an immune pathogenesis.

This means that an agent responsible for the
initial event (a virus?) does not necessarily have
to persist in order for the cascade of subsequent
events to be sustained, and this also means that
the initial event does not necessarily have to be
induced by the same agent in all affected peo-
ple. Furthermore, this concept may explain the
fact that not all individuals who have experi-
enced similar initial events will develop MS, be-
cause not all of them have the necessary genetic
background. The same argument may be used
to try to explain the very variable degree of the
severity of the disease (see Chapter 10). These
factors indicate that the immune system plays a
decisive role in MS pathogenesis. A further ar-
gument is the well-known observation of in-
creased intrathecal production of -/-globulins in
the CSF (see Chapter 8). The plaque itself is ba-
sically formed by immunocompetent cells (see
Chapter 2 and below), which are spread far into
the macroscopically apparently normal white
matter.

It is not certain whether the described changes
of T-cell subpopulations in the peripheral blood
and CSF of MS patients are an expression of the
above-mentioned disturbances of immune reg-
ulation. The findings are still heterogeneous
and not constantly reproducible. Naturally oc-
curring circadian fluctuations of T-cell popula-
tions, and heterogeneity of reagents, may part-
ly explain the different results found in
different laboratories. The following observa-
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tions are the best proven (Waksman and Rey-
nolds 1984).

• Active blasts in blood and CSF.
• Elevation of helper/inducer T-cells in CSF at

the onset of an exacerbation.
• Diminution of T-suppressor cells in the blood

immediately before and during an exacerba-
tion.

• Diminution of the activity of NK cells, and a
corresponding diminution of IFN production
in one third of MS patients.

• Activated monocytes in peripheral blood con-
tain proteolytic enzymes and produce PGE2.

All these findings can probably be suffi-
ciently explained by the fact that activated
monocytes reach the CSF and plaques from the
blood, and produce PGE2, which alters the sur-
faces of NK cells, and probably of T-cells, in
such a way that they lose phenotypic markers
or cease to express them. On the other hand,
T-cell groups which disappear from the periph-
eral blood may be used to build new plaques.
The diminution of suppressor activity may be
understood as a corollary or consequence of an
immune reaction which plays a role, although
not completely understood, in the develop-
ment of the plaques. It is not certain whether
this is due to a phenotypic modulation or to ac-
tive elimination from the blood compartment.

The following summary can therefore be giv-
en of the arguments for immune pathogenesis.

• Genetic predisposition: differences in races
(+: Northern European origin (Caucasians);
—: Bantu, Indians, Eskimos, Maori etc.)

• HLA associations (DR2, B7, A3); genetic re-
striction on other chromosomes (for example
chromosome 14).

• Induction of disease: susceptibility is in-
creased after puberty, after viral infections,
and after pregnancy.

• Immunocompetent cells within plaques.
• Intrathecal antibody production.
• Diminution of components of complement in

CSF.
• Fluctuations of T-cell populations in blood

and CSF.

Although most experimental work associated
with MS is immunologically orientated because
the immune system plays an important role in
the pathogenesis of the disease, older concepts
concerning disease development should not be
excluded as they may valuably replenish the
mosaic of hypotheses.

/. Kesselring and H. Lassmann

Environmental factors

The above-mentioned epidemiological studies
on the Faeroe Islands and the migration studies
from South Africa, Israel, and London, suggest
that a "window of vulnerability" at the time of
puberty might play a role in triggering MS. The
clinical impression that MS patients have had
their childhood diseases relatively late, or not at
all, is supported by the finding of a significantly
higher prevalence of MS in people who have
had measles, mumps, or rubella infection be-
tween the ages of 12 and 15 (Alvord et al. 1987).
A retrospective study on discordant monozy-
gotic MS twins showed that the affected twin
had much more frequently had simple infectious
diseases during the first 15 years of life than the
nonaffected twin (Currier and Eldridge 1982).
Furthermore, the fact that the older siblings
within a family are more frequently affected by
MS (James 1984), and the fluctuations over
years in the prevalence rates in inhabitants of
islands (Cook et al. 1988) suggest that common
widespread infections such as childhood dis-
eases are probably relevant in the pathogenesis
of MS (McDonald 1986; James 1988).

Concerning a possibly causal role in the de-
velopment of MS, neurotropic viruses are ex-
amined mainly because they are able to persist
within the CNS over years, and because they
may produce some of the main characteristics
of MS pathology: demyelination (for example,
coronavirus or canine distemper virus in ani-
mals, papovavirus in humans), exacerbations
and remissions (herpes simplex), or clinical
manifestations only after a long incubation pe-
riod (spongiform encephalopathy). None of
them, however, has been shown to produce all
the various characteristics of MS at the same
time.

It has been known for a long time that an ele-
vation of measles antibodies may occur in the
CSF of MS patients (Adams and Imagawa
1962). This is, however, not specific, because it
is found only in 60% of MS patients and may
occur in other diseases such as lupus erythema-
tosus. In the near future, it should be possible
to demonstrate whether or not measles virus
plays a role in the pathogenesis of MS as vac-
cination against measles has been performed
routinely in the U.S. on large numbers of peo-
ple for about 20 years.

Antibodies against numerous other viruses
are found in the CSF in about two thirds of
MS patients: herpes, influenza, parainfluenza,
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mumps, varicella, vaccinia, and others (Comp-
ston et al. 1986). However, it is not assumed
that this is the result of an equally specific anti-
body reaction against a causal viral antigen
such as is the case in the oligoclonal bands of
SSPE, where antibodies are directed specifically
against the responsible measles virus. Rather, it
is postulated that an elevated antibody titer in
the CSF of MS patients is a consequence of a
disturbance of immune regulation (McFarlin
and McFarland 1982; McDonald 1983a), or else
it may represent "scars" following previous vi-
ral diseases.

On many occasions, an attempt has been
made to detect virus particles in the brains of
MS patients, but almost all inclusion bodies de-
scribed may be interpreted as artifacts or as my-
elin breakdown products and unspecifically ac-
tive changes within astrocytes (Allen 1981).

A viral genome, however, may remain active
within the brain without virus particles them-
selves being morphologically detectable. Occa-
sionally, genetic material of measles virus or
herpes simplex may be detected in brains of MS
patients by in-situ hybridization (Haase et al.
1981).

Up till now, it has not been possible to prove
a causal relationship between an infectious
agent and MS: no agent has been detected si-
multaneously by morphological and serological
means. Nor has it been possible to transduce
MS from patients to experimental animals by
tissue or body fluids. Even in regions in which
apparent epidemics of MS have been observed
(Kurtzke and Hyllested 1979; Kurtzke et al.
1982), no single cases of familial occurrence
were reported. The hypothesis of a transfec-
tious, contagious infection is therefore improb-
able (C. M. Poser 1986). However, the pos-
sibility cannot be excluded, and it is even
probable (see below) that infectious agents play
a role as additional or triggering factors in pre-
disposed individuals.

In summary, MS is interpreted as a late gen-
eral reaction against infections which have oc-
curred during a period of increased immu-
nological vulnerability, rather than as a reaction
against a specific agent (Alter 1981). In fact,
none of the 14 claims which have so far been
made that a single agent is responsible for MS
has stood the proof of time.

Other possible environmental factors, such
as accumulations of cases in the environment of
a zinc factory (Stein et al. 1987), may be ex-
plained by an effect via the immune system
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(Schiffer et al. 1988). Numerous other environ-
mental factors have been examined, such as nu-
trition habits, toxic influences, duration of sun-
shine, social status, etc., but it has not been
possible to provide an adequate explanation of
the cause of MS.

Factors triggering exacerbation

Multiple sclerosis patients frequently report
events which they consider to be responsible in
retrospect for triggering exacerbations. System-
atic studies usually fail to prove such relation-
ships unequivocally. Overall, in prospective
studies (Sibley et al. 1985), significantly fewer
infectious diseases have been found in MS pa-
tients than in a comparable population group.
However, more than a quarter of exacerbations
were found to have a temporal relationship
with an infection, most frequently caused by
adenoviruses (Lygner et al. 1988). Viruses may
be operating either as primary immunogens or
via the stimulation of an immune response or
antigen presentation by cells within the CNS. A
further argument for this latter assumption
may be the fact that in a therapeutic trial with
INF--y, exacerbations were produced (Panitch et
al. 1987), and the observation that INF-7 and
TNF are increased immediately before the ap-
pearance of clinical manifestations of an exacer-
bation (Beck et al. 1988; Chofflon et al. 1992).
Hormonal factors probably also play a role in
triggering or preventing exacerbations. It is reg-
ularly observed (Korn-Lubetzki et al. 1984) that
the exacerbation rate is lower in the last trimes-
ter of pregnancy in MS patients than at times
without pregnancy. However, the exacerbation
rate is increased in the first half-year, and par-
ticularly in the first 6 weeks, post partum. It is
assumed that ot-AFP, the concentration of
which is particularly elevated in the last trimes-
ter of pregnancy, is acting directly by immu-
nosuppression and by inhibiting the expression
of MHC Class II molecules stimulated by INF--y
(see Chapter 3).

SPECIAL PATHOCENESIS OF PLAQUES

Blood-brain barrier

Clinical evidence

If observed over long periods of time, optic
neuritis may be taken as a symptom of MS in
three quarters of cases. In the acute stage, in a
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quarter of cases, extravasation from the periph-
eral retinal vessels may be observed ophthal-
moscopically (periphlebitis retinae) (Engell
1986), or it may be demonstrated by fluores-
cence angiography (McDonald 1983a). This
finding is relevant to the pathogenesis of MS
because it indicates that an opening of the
blood-brain barrier and the blood-retina bar-
rier, respectively, occurs even in areas where
neither oligodendrocytes nor myelin are pres-
ent. This suggests that these signs of inflamma-
tion are not a secondary reaction against myelin
breakdown products. It may therefore be as-
sumed that a vascular event plays an important
role very early in the pathogenic course.

Predilection sites of MS plaques are found in
mechanically stressed regions of the CNS: in
the optic nerves (under mechanical stress in all
movements of the eyes), along the lateral ven-
tricles (pulsations of the choroid plexus), in the
cervical spinal cord (movements of the head),
and in the transition zone between thoracic and
lumbar spinal cord (movements of the back).
Experimentally, inflammatory/demyelination
foci are grouped in mechanically or chemically
altered regions: they are found along the tap-
ping channel in stereotactic brain operations in
MS patients, or in mechanically or chemically
altered tissues in EAE. These findings are ex-
plained as a consequence of a transient opening
of the blood-brain barrier (review in C. M. Pos-
er 1986; 1993).

MRI findings

Magnetic resonance imaging is very sensitive in
detecting changes of the white matter (see
Chapter 8), and may be used for repeated ex-
aminations of patients because it appears to
be completely harmless. The function of the
blood-brain barrier may be examined in vivo
by the intravenous application of the contrast
agent gadolinium DTPA in MRI. An enhance-
ment of this contrast agent has been found in
almost all newly developed plaques identified
in serial examinations. This enhancement,
however, persists for only about 6 weeks (Mill-
er et al. 1988a). Single cases are known in which
enhancement has been detected before signal
changes could be seen in the native scan on cor-
responding sites (Kermode et al. 1990). En-
hancement of gadolinium DTPA in recently de-
veloped foci allows differentiation of forms of
the disease which appear clinically as one enti-
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ty. In primary chronic progressive disease, only
very few new lesions are produced over 6
months, of which none is enhancing. Six times
more lesions, of which over 90% enhance, are
found over the same period of observation in
the same number of patients with secondary
progressive disease, i.e., those who had exacer-
bations and remissions earlier in the disease
course. It may therefore be assumed that there
are pathogenically heterogeneous forms of the
MS (Thompson et al. 1991). An increased water
content outside the plaques is found in the ap-
parently normal white matter and in the cortex
of MS patients, as can be demonstrated by mea-
suring relaxation times in MRI (Kesselring et al.
1989b). By comparing magnetic resonance pa-
rameters found in MS patients with those
found in experimental brain edema in cats
(Barnes et al. 1987; 1988), it may be assumed
that the MRI signal changes are due basically to
an increased water content in the acute as well
as in the chronic plaques.

Experimental findings

It is an important prerequisite for the inter-
pretation of magnetic resonance images in MS
that the formalin-fixed brain should be exam-
ined on MRI. This allows a comparison be-
tween imaging and histological findings. The
signal changes in MRI correspond exactly to the
histologically defined plaques (Ormerod et al.
1987). The animal model of MS (EAE) may now
be examined using adapted MRI techniques
(Hawkins et al. 1990). As mentioned above,
EAE is an autoimmune disease against a myelin
component, such as MBP, which in many as-
pects resembles the human disease. Enhance-
ment of the contrast agent gadolinium DTPA is
found only in areas in which postmortem histo-
logical signs of inflammation are detected. En-
hancement persists, as in MS, for 5 days to 5
weeks. In EAE, the transport of the contrast
agent within vesicles across the endothelial
cells can be followed, and an increase in the
number of endothelial vesicles within acute
plaques has been described in MS as well
(Brown 1978). In the acute inflammatory focus
of EAE with an open blood-brain barrier, the
tight junctions between endothelial cells re-
main intact. The penetration of gadolinium
across the endothelial cells is an active metabol-
ic process which may be blocked by metabolic
toxins such as dinitrophenol. If primary de-
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myelination is produced by cuprizone, no in-
flammatory reaction is found, and there is no
opening of the blood-brain barrier (Bakker and
Ludwin 1987).

In summary, the opening of the blood-brain
barrier occurs regularly and early, and persists
for about 6 weeks in MS as well as in the animal
model of EAE. This may be demonstrated in
vivo by enhancement of the intravenously ap-
plied contrast agent gadolinium DTPA in MRI,
as well as by the technique of positron emission
tomography (Pozzilli et al. 1988). An increased
permeability of the blood-brain barrier may be
produced experimentally by trauma, and by
toxic and chemical influences such as hypo-
glycemia and hyponatremia. In single cases, it
has been observed that a new development of
plaques may occur after viral infections such as
varicella, measles, and rubella, and this also
may be explained by a disturbance of the blood
-brain barrier (for review see C. M. Poser 1986).
In analogy to these experimental findings, it
may be postulated that an alteration of the
blood-brain barrier may also occur after other
infectious diseases. The changes would then be
the common denominator on which various
pathological influences converge.

This hypothesis is further supported epide-
miologically when it is demonstrated in careful
prospective studies that MS patients show an
increased number of exacerbations in close tem-
poral relationship with viral infections (Sibley
et al. 1984; 1985). Due to the opening of the
blood-brain barrier, the brain is more accessi-
ble for antigenic influences from the blood-
stream, and antigenically active components of
the CNS are exposed to the immune system:
the CNS is no longer an immunologically privi-
leged organ.

Having said this, a general hypothesis con-
cerning some steps of the pathogenesis of MS
may be summarized in the following way. Dis-
position to, as well as protective influences
against MS are genetically determined, proba-
bly by genes in the region of the HLA complex
or by others which are in close relationship to
it. Indications that a single gene locus is respon-
sible for disease disposition are lacking, and it
appears more probable that an interaction of
genes from various regions determines the dis-
position to the disease. Unspecified factors
from the environment which are operative in
childhood lead to a systemic disease in genet-
ically predisposed people. This does not neces-
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sarily manifest itself in neurological terms, but
produces a transient change of the blood-brain
barrier. In this way, a first sensitization by anti-
gens is possible. These may either be foreign
antigens or autoantigens.

Pathogenesis of the inflammatory reaction

A hallmark of the pathology of MS is the in-
flammatory reaction, which is not confined to
the plaques themselves, but affects large parts
of the macroscopically normal-appearing tis-
sue. The mechanisms which lead to inflamma-
tion in the nervous system can only be under-
stood if the basis of the immune surveillance of
the nervous system is clear.

Until a few years ago, the CNS was regarded
as an immunologically privileged organ. This
assumption was based on the observation that
heterologous transplants which were rejected
immediately in peripheral organs could be tol-
erated for some time in the brain or spinal cord.
Two main factors were thought to be responsi-
ble for the privileged position of the nervous
system in immune surveillance.

1. The blood-brain barrier impedes the pene-
tration of cells from the immune system and
of inflammatory mediators into the nervous
system.

2. Elements of the nervous system do not ex-
press histocompatibility antigens. A specific
antigen recognition is therefore not possible
for T-lymphocytes in the CNS.

This concept of the nervous system as an im-
munologically privileged organ has been mod-
ified in recent years. In the normal nervous tis-
sue, at any given time, a small number of
hematogenous cells (especially lymphocytes
and macrophages) are found which are continu-
ously replaced by other cells migrating from the
bloodstream (Hickey and Kimura 1988; Hickey
et al. 1992). The barrier function of the blood-
brain barrier is operative for immunoglobulins,
inflammatory mediators, and for cells of the im-
mune system in general, but not for activated
T-lymphocytes (Wekerle et al. 1986a; Hickey et
al. 1991). Furthermore, even in the normal ner-
vous system, expression of histocompatibility
antigens has been demonstrated within the
meninges, in perivascular monocytes, and in
some microglial cells (Vass and Lassmann
1990). Expression of MHC antigens is increased
locally by various noxious stimuli, such as irri-
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tation by electric current, trauma, or lesions of
peripheral nerves. This focal elevation of densi-
ty of potential antigen-presenting cells deter-
mines these brain regions as predilection sites
for the inflammatory reaction (Hickey 1991).

The following concept of immune surveil-
lance of the nervous system was derived from
these findings (Wekerle et al. 1986a; Lassmann
et al. 1991b). If T-lymphocytes are activated in
the peripheral immune system (i.e., in the con-
text of an infection or an immune-stimulating
therapy), some of these activated T-cells will
penetrate into the nervous system. However,
an inflammatory focus is initiated only if these
T-cells find an antigen within the nervous sys-
tem which is presented by antigen-presenting
cells together with histocompatibility antigens.
In this case, the T-cells will produce various cy-
tokines (IL-2, INF--y, TNF-a, lymphotoxin, and
others). These cytokines activate endothelial
cells, leading to an expression of adhesion mol-
ecules on the surface of the endothelial cells,
and thereby to the recruitment of further hema-
togenous cells into the inflammatory lesion,
and a breakdown of the blood-brain barrier.
Furthermore, expression of MHC antigens and
adhesion molecules is stimulated by locally pro-
duced cytokines. In this phase of inflammation,
the nervous tissue is damaged by toxins from
activated effector cells, and this leads to func-
tional deficits and clinical symptomatology.

It is not yet clear how this inflammatory reac-
tion is brought to an end within the nervous
system. Some mechanisms considered include
the specific inhibition of pathogenic T-cell pop-
ulations by anti-idiotypic T-lymphocytes (Sun
et al. 1988), local production of immunosup-
pressive cytokines such as TGF-p (Johns et al.
1991; Racke et al. 1991), or the production of
glucocorticoids from the adrenal cortex (Mason
1991). In infectious diseases, the elimination of
pathogenic agents is of decisive importance.

In contrast to other organs, the CNS contains
no lymph vessels. Only in exceptional cases is a
connection found to regional lymph nodes
(Weller et al. 1992). For this reason, it is not yet
clear how inflammatory cells leave the nervous
system. However, more recent findings using
the model of EAE indicate that T-lymphocytes
do not leave the inflammatory focus but are de-
stroyed by a preprogrammed cell death (apop-
tosis) (Pender et al. 1992).

Immunopathological findings in MS are com-
patible with the mechanisms described. T-cells
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and macrophages dominate within lesions,
MHC and adhesion molecules are expressed on
elements of the blood-brain barrier and on glia
cells, and cytokines are locally produced in in-
flammatory cells and glia in activated de-
myelinating foci. The requirement for there to
be peripheral T-cell activation before inflamma-
tion can be induced could explain the associa-
tion of MS exacerbations with preceding viral
infections (Sibley et al. 1984; 1985), as well as
with immunostimulating INF-7 therapy (Pa-
nitch et al. 1987a; 1987b). Furthermore, the in-
creased expression of MHC molecules follow-
ing nonspecific tissue damage might explain
why lesions are predominantly found in areas
which are exposed to frequent traumatic stress
(Oppenheimer 1987).

It is not clear, however, whether autoim-
mune reactions contribute to the pathogenesis
of MS plaques. Autoreactive T-lymphocytes are
not only found in the blood of MS patients, but
also in healthy controls, although in MS, the
incidence is higher by a factor of 100 (Olsson et
al. 1990; Sun et al. 1991a; 1991b; Olsson 1992).
However, no direct proof of the pathogenic rel-
evance of an autoimmune reaction has so far
been produced.

Pathogenesis of demyelination and tissue
destruction

It may be inferred from the histological obser-
vation that axons remain largely intact, at least
in recent plaques, that demyelination in MS de-
pends on mechanisms acting directly on myelin
or on oligodendrocytes. In principle, demy-
elinating foci in inflammatory/demyelinating
diseases of the CNS may be explained by two
different mechanisms.

1. A primary damage of oligodendrocytes with
degeneration of the cells and secondary de-
myelination. In this case, the inflammatory
reaction is not the cause of demyelination.

2. An immune reaction against one or several
antigens of the myelin sheath. In this case,
the immune reaction and the inflammation
are the prerequisites of demyelination. Such a
mechanism is not necessarily directed against
autoantigens, but may be directed against for-
eign antigens (virus?), which are built into the
membrane of oligodendrocytes or myelin.

There is also the possibility that antigens
which trigger the immune reaction are not pri-
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marily located within the CNS. Experiments
supporting this idea were performed on EAE
induced in guinea-pigs sensitized by sub-
cutaneous injection of tuberculin in complete
Freund's adjuvant. After later injection of tu-
bercle bacteria or tuberculin breakdown prod-
ucts into the CSF, a local inflammation in the
brain, with disruption of the myelin lamellae
and myelin breakdown by macrophages, may
be induced (Wisniewski and Bloom 1975).
Therefore, various antigens from outside the
CNS may be responsible for part of the de-
myelinating process within CNS foci typically
seen in MS. Such antigens may also be pro-
duced by infections within the organisms
which do not themselves reach the CNS. In ani-
mal experiments, infection by coronavirus may
lead to an allergic demyelination within the
CNS when the virus itself is no longer detect-
able within the organism (Watanabe et al.
1983).

Proof of a viral infection of oligodendroglial
cells in MS patients, or changes of oligoden-
droglial cells in the border region of foci or in
the neighboring white matter, has not been
produced in the studies done so far.

The possibility of primary damage of oligo-
dendroglial cells is not completely excluded by
these negative findings. More recent experi-
mental studies, however, indicate that the sec-
ond aspect of MS pathology, the inflammatory
reaction, appears to be more important in terms
of pathogenesis.

The first change in active MS plaques appears
to be the penetration of activated T-lympho-
cytes from the bloodstream into the nervous tis-
sue. This initial inflammatory reaction is associ-
ated with a focal breakdown of the blood-brain
barrier and an influx of serum proteins into the
lesion. Recent in-vitro studies demonstrated
that oligodendroglial cells and myelin are par-
ticularly susceptible to macrophage toxins and
complement factors. Selective destruction of
myelin and/or oligodendroglia by the sparing of
other components of the nervous system may
be induced by cytokines (TNF-a, Selmaj and
Raine 1988), oxygen radicals (Griot et al. 1989),
and complement (Scolding et al. 1989). All the
factors are produced in T-cell-mediated inflam-
matory reactions by activated macrophages,
and reach the lesion across a disturbed blood-
brain barrier. In such foci, demyelination pre-
dominates; it is, however, associated with con-
siderable destruction of other elements of the
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nervous system (axons, astrocytes). In this
case, the immune reaction is not directed
against myelin, and demyelination itself may
be explained by the relatively selective vul-
nerability of myelin and oligodendroglial cells
to toxins produced by macrophages. Such de-
structive lesions are observed particularly in the
very acute forms of MS (Marburg 1906).

Apart from these nonspecific mechanisms of
demyelination, some specific immunological
phenomena seem to play a role. Gamma/delta
T-lymphocytes, increased numbers of which
are found within MS plaques, may initiate se-
lective destruction by the specific recognition of
stress proteins in oligodendroglial cells (Selmaj
et al. 1991a).

A much more efficient mechanism of de-
myelination is induced by antibodies directed
against epitopes on the extracellular surface of
myelin sheaths and oligodendroglial cells. The
most important target antigen of antibody-me-
diated demyelination is MOG (Linington et al.
1988). In the pathogenesis of demyelination in
vivo, demyelinating antibodies act synergis-
tically with encephalitogenic T-lymphocytes.
The inflammatory reaction mediated by T-cells
leads to an opening of the blood-brain barrier,
and thereby allows antibodies and complement
to penetrate into the nervous tissue. A large
number of effector cells (mainly macrophages)
are also activated. It is the role of antibodies to
direct these activated effector mechanisms
against myelin sheaths and oligodendrocytes.

In the context of a mild inflammatory reac-
tion, the cooperation between T-lymphocytes
and autoantibodies leads to widespread and
very selective demyelination, with destruction
of oligodendroglia. Such lesions are found pre-
dominantly and typically in forms of MS with a
chronic course.

Factors may be found in the serum of MS pa-
tients which lead in cell cultures to swelling of
myelin, disruption of lamellae, and stripping of
the myelin sheaths from the axon. A more accu-
rate examination of the serum proteins which
lead to demyelination demonstrates that immu-
noglobulins are only partly responsible for
these effects. The rest of the activity appears to
depend on complement factors (Compston et
al. 1991). For a long time, the search for de-
myelinating antibodies within the CSF was dis-
appointing. However, a positive finding was
not to be expected because demyelinating anti-
bodies produced within the CSF would be ab-
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sorbed immediately by the surrounding ner-
vous tissue. In elegant experiments, Sun et al.
(1991a) were able to demonstrate that in the
CSF of 80% of patients with chronic MS, plasma
cells are found which produce antibodies
against MOG. These more recent findings are a
strong argument for a decisive role of de-
myelinating antibodies in the pathogenesis of
MS.

It is not clear which immune reaction against
which target antigen initiates the primary dis-
ease process in MS. There are indications, how-
ever, that during the further chronic course of
the disease, new T-cell-mediated and antibody-
mediated autoimmune reactions against a large
number of various antigens of the nervous sys-
tem are induced. These autoimmune reactions
appear to play an important role in the patho-
genesis of demyelinating lesions in the chronic
course of MS.

SUMMARY OF PATHOGENESIS

From what has been said, a few steps of MS
pathogenesis may be summarized in a general
hypothesis as follows (C. M. Poser 1986; 1993;
McDonald and Barnes 1989; McDonald et al.
1992; McDonald 1993).

Disposition to, as well as protective influ-
ences against MS are genetically determined,
probably by genes in the region of the HLA
complex or in close relation to it. All specific
factors from the environment which are opera-
tive in childhood lead, in genetically disposed
individuals, to a systemic disease which does
not necessarily become clinically manifest, but
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which leads to a transient opening of the blood
-brain barrier. By this means, a first sensitiza-
tion occurs when antigens reach the CNS from
the bloodstream. Such antigens may be foreign
as well as from the same organism. In a later
period of life, the blood-brain barrier is again
made more permeable by nonspecific factors
such as trauma, infections, hormonal or toxic
influences. A secondary hypersensitivity reac-
tion occurs which uses the previous sensitiza-
tion as an "anamnestic adjuvant." The opening
of the blood-brain barrier which is regularly
demonstrated in early stages of the plaques,
and which persists for about 6 weeks, is a pre-
requisite for the development of plaques, but it
is not sufficient as the only explanation for it.
Various triggering mechanisms are fundamen-
tal to the inflammatory reaction by immu-
nocompetent cells and to the demyelinating
process by macrophages and microglia. The as-
sumption that MS is a continuous disease pro-
cess over years, and that the clinical manifesta-
tions are only the tip of an iceberg, is supported
by the observation of clinically silent but patho-
logically verified cases of MS (Georgi 1961;
Phadke and Best 1983).

In the future, a better understanding of MS
pathogenesis may be expected when the rela-
tionship between infectious diseases and MS is
clarified, when antigens can be detected which
lead to inflammation and/or demyelination,
and when both these processes may be differ-
entiated in vivo, for example in MRI. In all
these directions of research, there is reason for
hope.



Pathophysiology of impaired
neural transmission

The symptoms of MS are determined not only
by the localization of plaques, but also by
changes in signal transmission. Electrophysio-
logical methods are therefore established in the
diagnosis of the disease.

ELECTROPHYSIOLOGY OF NORMAL NERVE
FIBERS

A neuron is composed typically of a cell body
with thin, branched processes, the dendrites,
and an axon of variable length. Dendrites re-
ceive impulses from the axons of numerous
other neurons by synaptic contact. A complex
network is formed of neurons communicating
with each other. Sensible unipolar neurons are
an exception to this rule insofar as they do not
have any dendrites. Their participation in the
disease process of MS is by means of a long af-
ferent axon in the peripheral nerve, and a long
efferent axon in the dorsal column of the spinal
cord. Central nerve fibers also consist of axons,
as they do in the peripheral nerve, and may
reach a length of up to 1 m in the CNS. The
velocity of impulse conduction in nerve fibers
or axons depends primarily on whether or not
the fiber is myelinated. Unmyelinated fibers
conduct very slowly, at about 1 m/s, whereas
impulse conduction velocity in myelinated fi-
bers depends on their total thickness. For a fi-
ber thickness of 10-20 \x.m, the conduction ve-
locity is about 50-120 m/s; for a fiber thickness
of 5 |un, it is about 25 m/s. A myelinated nerve
fiber consists of an axon cylinder and the my-
elin sheath. In the resting state, an electrolyte
gradient (the resting membrane potential) is
sustained over the outer membrane of the
axon. The inner side of the axon has a negative
electrical charge compared to the outer side.

Myelin envelops the axon over its entire length
except at short intervals, the Ranvier nodes. So-
dium channels mainly occur in the membrane
at the sites of these myelin-free nodes, which,
when transiently activated (opened), permit
the passage of a short influx of sodium. This
leads to an electromotor gradient which is op-
posed to the resting potential of the membrane
and which builds up the action potential of im-
pulse conduction (Fig. 6.1).

A single action potential lasts for about 1 ms,
or slightly longer. It follows the all-or-none law,
and is initiated as soon as the passive depolar-
ization from the neighboring node reaches a
certain threshold. In between the nodes, my-
elin acts as an electric insulator around the ex-
citable membrane, and therefore the action po-
tential of a node is only able to leave the axon at
the next node. There, a new depolarization up
to the critical threshold is produced, and thence
an action potential. In myelinated fibers, the
spread of action potentials thus becomes salta-
tory, and is much faster than the continuous
impulse transmission in unmyelinated nerve fi-
bers. After excitation, every excitable mem-
brane loses its ability to be excitable for a certain
period of time, known as the absolute refrac-
tory period. It also shows an elevated threshold
for a certain length of time, known as the rela-
tive refractory period. This refractory period
depends on rebuilding of the resting potential.
Therefore, a nerve fiber is not able to conduct
impulse volleys at high frequencies. In myelin-
ated nerve fibers, the relative refractory period
lasts two to three times as long as the action
potential, about 3-6 ms. A second impulse ar-
riving within the relative refractory period may
be transmitted under optimal conditions. How-
ever, the safety margin for successful impulse
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Direction of impulse conduction

Normal Active node Depolarized node

Demyelinated
Action current

Shortened internodium

Fig. 6.1. Schematic depiction of saltatory impulse con-
duction in intact myelinated and partially demyelinated
nerve fibers. At the active node, the action current flows
as ion current across the opened sodium channels into
the interior of the axon, and leads to passive electric
depolarization at the next node. In demyelinated nerve

conduction is reduced for this second impulse,
because even a slight loss of current over an in-
ternodium suffices to impede depolarization of
the next node so that firing threshold is no
longer reached. This means that the conduction
of impulse volleys is particularly at risk if the
electrical properties of nerve fibers are dis-
turbed.

PATHOPHYSIOLOCY OF DEMYELINATED
NERVE FIBERS

Electrophysiological properties

A characteristic morphological hallmark of the
MS plaques is focal demyelination (see Chapter
2). This involves a more or less marked destruc-
tion of the myelin sheath whereby axons re-
main intact and Wallerian degeneration does
not occur. The pathophysiology of the partially
or totally demyelinated, or occasionally re-

fibers, less current reaches the depolarized node than in
the intact fiber because of leakage. (Direction of impulse
conduction from left to right. The length of the inter-
nodium (the section between two nodes) is shown rela-
tively much too short for the sake of clarity.)

myelinated, nerve fibers is not completely un-
derstood. However, a number of pathophys-
iological characteristics are known which
facilitate the understanding of the signs and
symptoms of MS.

If the myelin sheath is damaged, the result-
ing leakage of current and capacitance losses
cause depolarization over the corresponding in-
ternodium to be impaired (see Fig. 6.1). It takes
longer to reach the threshold on the next node,
and therefore saltation of the excitation over the
corresponding internodium is slowed. If de-
myelination is more marked, the excitation
threshold is no longer reached, and impulse
conduction is interrupted. The most severely
damaged internodium is the weakest link in the
chain of the nerve fiber, and determines the
success of impulse conduction. Impulse con-
duction in completely demyelinated axons may
be interrupted completely. It is restored, how-
ever, within a few days by the formation of new
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sodium channels in demyelinated internodia
(Bostock and Sears 1978). Saltatory impulse
conduction appears to occur occasionally even
when myelin is lacking if sodium channels are
distributed periodically, as in myelinated nerve
fibers (Smith etal. 1982). Experimentally, spon-
taneous remyelination of central demyelinated
nerve fibers has been demonstrated by which
reliable impulse conduction may be restored
(Smith et al. 1979). In the human CNS, corre-
sponding proven facts are lacking. However,
there are good indications that even in com-
pletely demyelinated nerve fibers in MS, a form
of impulse conduction may be restored (Wis-
niewski et al. 1976), and that remyelination oc-
curs (Prineas and Connell 1979; see also Chap-
ter 2). In the latter case, internodia are shorter
and the myelin sheath is thinner than origi-
nally. Therefore, conduction of reduced veloc-
ity is to be expected in remyelinated areas.
Remyelination is again mainly due to oligo-
dendrocytes or their precursor cells. Inter-
estingly, it may be observed in transition zones
to the peripheral nervous system, where it ap-
pears to be due to invasion of Schwann cells
from the peripheral nervous system (Feigin and
Ogata 1971).

Recent demyelination, even if it is only par-
tial or limited to the paranodal area near the
Ranvier nodes, may cause a reversible conduc-
tion block (Gilliatt 1982; Lafontaine et al. 1982).
In the peripheral nerves, a conduction block of
focal demyelination leads to the typical mecha-
nism of neurapraxia which occurs, for example,
in pressure lesions. Because axons retain their
continuity and their trophic functions, there is
little sign of atrophy, even months later and de-
spite paresis. Several weeks after the removal
of compression, normal impulse conduction is
restored. It has been proven experimentally
(McDonald and Sears 1970a), and by observa-
tions following tumor removal, that in central
lesions as well, focal demyelination and local
ischemia may produce a reversible conduction
block. This leads to the assumption that find-
ings from the peripheral nerves may be applica-
ble to central lesions. In acute optic neuritis,
partial restoration of vision as well as visual
evoked potentials (VEPs) may occur after the
acute visual loss and disappearance of the re-
corded potentials. This leads to the assumption
that the mechanism of reversible conduction
block is relevant in MS, and may play an impor-
tant role during the recovery phase after a le-
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sion. The diminution of impulse conduction ve-
locity in demyelinated nerve fibers is parti-
cularly relevant in clinical neurophysiology.
Prolonged latencies in evoked potentials are a
diagnostic hallmark of MS, analogous to the
slowed conduction velocity in peripheral
nerves in demyelinating polyneuropathies (see
Chapter 8).

Interestingly, even very marked prolonga-
tions of latencies in VEPs do not lead to very
marked visual disturbances. They may only be
detected by the Pulfrich phenomenon (von
Pulfrich 1922; Frisen and Hoyt 1974). The arriv-
al of a signal from one eye is interpreted within
the cortex as faulty information about depth. In
unilateral optic neuritis, a pendulum swinging
on a straight line is perceived erroneously as
circulating elliptically. The asynchronous arriv-
al of somatosensory afferents from the skin due
to the irregular slowing of impulses is responsi-
ble for the frequent paresthesia.

Clinically, it is probably more important that
partially demyelinated peripheral and central
nerve fibers have a prolonged refractory peri-
od. This impairs the property of conducting im-
pulse volleys because the nerve fibers may not
recover before further impulses follow a short
time later (see above). Thus the maximal trans-
mittable impulse frequency may be reduced
drastically long before impulse conduction is
interrupted (McDonald and Sears 1970b).
When an impulse volley arrives, impulse con-
duction over a demyelinated area may be tran-
siently blocked completely. Vibration sense is
often reduced early in peripheral demyelinat-
ing polyneuropathies (diabetes mellitus) as well
as in MS. This is probably due to an interrup-
tion of repetitive excitation in the first sensory
neuron in the peripheral or central part of the
dorsal columns. Normal functioning of motor
control also relies on the capacity of corticospi-
nal impulse volleys to be transmitted at rela-
tively high frequency (Kernell and Wu 1967).
This may be impaired in relatively minor de-
myelination.

Influence of temperature and calcium

It is of clinical importance that thermolability is
increased in demyelinated nerve fibers. Nor-
mally, impulse conduction velocity increases
linearly with increasing temperature because
ion currents are accelerated as temperature
rises. However, the impulse conduction of nor-
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mal nerve fibers is blocked at a critical tempera-
ture of about 50°C when currents occur so
quickly that the action potential becomes too
short for the electrical energy to remain suffi-
cient to excite the next node. Reduction of this
critical blocking temperature is to be expected
when myelin thickness, and therefore its insu-
lating capacity, is reduced: if myelin thickness
is reduced to one third and the length of the
internodium remains constant, the critical tem-
perature is reduced to about 40°C (Schauf and
Davis 1974). Demyelinated nerves are much
more sensitive in this respect as an increase of
only 0.5°C may be enough to block impulse
conduction (Davis and Jacobson 1971;
Rasminsky 1973). Symptoms of MS charac-
teristically become more marked with increas-
ing body temperature, which may be explained
by the properties of demyelinated nerves. The
temperature effect is important because short-
lived or fluctuating symptoms in MS are rela-
tively common and should not be interpreted
as exacerbations. Disturbances lasting only a
few hours might be due to this so-called
Uhthoff phenomenon (Uhthoff 1889; see also
Chapter 7). Such symptoms may depend on
body activity, fever, mental excitation, or exog-
enous temperature load.

It has been calculated that decreasing ion
concentrations of calcium in the neighborhood
of nerve fibers oppose the conduction block
caused by increased temperature (Schauf and
Davis 1974). This may explain the transient im-
provements of certain symptoms which can oc-
cur in MS patients following hyperventilation
or treatment with sodium bicarbonate or EDTA
(Davis et al. 1970).

Possible consequences of increased
excitability

Excitability is abnormally increased in demy-
elinated segments of nerve fibers. This may
lead to spontaneous discharges or discharges
caused by mechanical stimulation (Rasminsky
1978; Smith and McDonald 1982; Nordin et al.
1984). A number of symptoms of MS might
thus be explained: for example, paresthesia and
facial myokymia may be due to spontaneous
discharges of sensory or motor nerve fibers;
Lhermitte's sign and phosphenes produced by
eye movements (see Chapter 7) may be the con-
sequence of mechanical stimulation of the dor-
sal column and optic nerves, respectively. In
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Lhermitte's sign, such abnormal activity could
be demonstrated by direct microneurography
in humans (Nordin et al. 1984).

In experimental central demyelination, spon-
taneous activity may display the same rhythm
of disharge as is characteristic of facial myo-
kymia in MS, i.e., regularly recurring dis-
charges in groups (Smith and McDonald 1982).
Myokymias in the limbs consist of similar
rhythmic discharges of motor units (Albers and
Bastron 1981). Because similar lesions occur in
peripheral chronic compression and in focal de-
myelination after irradiation, a similar mecha-
nism is assumed. Painful tonic seizures in MS
(Osterman and Westerberg 1975; see also Chap-
ter 7) may also be explained by ectopic impulse
generation. Such massive motor manifestations
may not be caused by one single excitable nerve
fiber. Defects of myelin may also facilitate
ephaptic impulse transmission from one nerve
fiber to another. Within a plaque, ectopic erro-
neous spontaneous activity may originate from
a hyperexcitable fiber and may lead to wide-
spread hyperactivity. Additionally, such motor
phenomena may also be facilitated because of
impaired inhibiting mechanisms.

Pathological ephaptic impulse transmission
may also be a cause of paroxysmal neuralgia. In
trigeminal neuralgia, for example, such trans-
mission is postulated in the area of the proxi-
mal, focally demyelinated section of the nerve.
It may occur from efferent motor nerve fibers
onto afferent pain fibers. This could explain the
triggering of paroxysms by minimal mastica-
tory movements. Certain other paroxysmal
symptoms which occur in many MS patients
stereotypically and last only a few minutes (see
Chapter 7) may also be explained on the basis
of such ectopic impulse generation: paroxysmal
ataxia, dysarthria, and akinetic attacks. It
should also be considered that excessive or un-
inhibited activity in inhibitory central neuronal
circuitry could explain paroxysmal negative
symptoms. It must be stressed, however, that
such considerations are still speculative, and
the proper physiological role of ectopic activity
and of ephaptic impulse transmission in MS is
uncertain.

OTHER MECHANISMS OF IMPAIRED
CONDUCTION

Although demyelinating lesions predominate
in MS plaques, a certain amount of axonal loss
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and Wallerian degeneration occurs. This may
reach a considerable degree in older plaques in
advanced cases or in hyperacute inflammatory
foci (see Chapter 2). Because axons in the CNS,
in contrast to the peripheral nervous system,
do not regenerate, the corresponding damage
has to be considered as irreparable. This does
not mean, however, that improvement of the
symptoms would not be possible. As is known
from patients with vascular lesions or after
tumor excision, and from experimental work
Qacobson et al. 1979), redundancy and plas-
ticity occur in the CNS to a degree which was
probably previously underestimated. New syn-
aptic contacts may develop by collateral sprout-
ing of regenerating nerve fibers while others
degenerate (Bernstein and Bernstein 1973),
leading to a reorganization of the neuronal net-
work. This allows adaptation to a new situation
and partial replacement of lost functions, even
in adults. Such morphological neuronal reorga-
nization in the spinal cord might play a role in
the development of spasticity (McCouch et al.
1958). Spasticity of the legs may then be consid-
ered, to a certain degree, to be a functionally
useful adaptation (Murray and Goldberger
1974): the increased muscle tone may be neces-
sary for standing and walking.
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Concerning the dynamics of symptoms, the
initial edema of the acute inflammatory focus is
important because the tissue pressure and local
ischemia may produce a transitory interruption
of neuronal function. It is probably primarily
intracellular edema. It was shown experimen-
tally on the rabbit eye (Dalakas et al. 1980) that
edematous astrocytes may produce reversible
disturbance of function without demyelination.
Some of the transient symptoms of an acute
exacerbation might therefore be explained as
due to edema, and the favorable effect of ste-
roids on acute exacerbation is perhaps suffi-
ciently explained by a more rapid resolution of
edema.

As for certain inflammatory polyneuropa-
thies, speculations have been published con-
cerning a reversible neuroelectrical blockade of
central impulse transmission by circulating
agents such as antibodies in MS. Based on ex-
periments with EAE and sera of MS patients,
such a transmissible agent from the IgG frac-
tion, blocking synaptic transmission, was pos-
tulated (Schauf et al. 1976). However, despite
intense research in this field, a proven patho-
genic role of such a factor in MS has not yet
been demonstrated.





PART II

Clinical aspects





Symptomatology

A number of symptoms and signs are found in
almost all cases of advanced MS. Among them
are spastic paresis, ataxia of gait and the ex-
tremities, central visual loss, double vision,
paresthesia, dysarthria, bladder and sexual dis-
turbances, and fatigue. Although they are not
specific for MS, they are so typical of the dis-
ease, particularly when occurring in combina-
tion, that they are accepted as clinical charac-
teristics. However, it is not really helpful to
consider combinations of a few individual symp-
toms as particularly characteristic. The combina-
tion of intention tremor, nystagmus, and scan-
ning speech was identified by Charcot as the
"classical triad"; pale optic discs, cerebellar ataxia,
and pyrimidal signs were another combination
identified by Marburg and Pette. If clinical diag-
nosis were limited to those cases in which these
syndromes occur, a large number of MS cases
verified at post mortem would be missed, or
would only be diagnosed in the terminal stages.

Symptoms and signs which occur only rarely
in definite cases of MS, such as aphasia, hemi-
anopia, involuntary movements, marked muscu-
lar atrophy, or fasciculations, require specific and
repeated differential diagnostic considerations.

There are also symptoms and signs which oc-
cur rarely in the MS population as a whole, but
which are relatively typical for its diagnosis, even
if they occur in single instances. Among them are
Lhermitte's symptom, facial myokymias, painful
tonic brainstem seizures and other paroxysmal
phenomena, trigeminus neuralgia in young
adults, and certain oculomotor disturbances such
as internudear ophthalmoplegia.

MOTOR ASPECTS

Pareses

Central pareses of the muscles of the extremi-
ties characterize the clinical picture in advanced

cases of MS. However, motor deficiencies are
responsible for the main complaints at the on-
set of the disease in over 50% of cases, partic-
ularly in primary progressive forms. Both legs
are usually affected but weakness is only rarely
marked to the same degree on both sides at dis-
ease onset. The next most frequent pattern of
distribution after paraparesis is the affection of
only one leg, and the next most frequent is
hemiparesis. Rarely, only one arm is affected
by central paresis in MS.

In advanced cases of MS, slight muscular at-
rophy is found, particularly in the hand mus-
cles, an observation which was mainly empha-
sized in the older literature. It is not always
easy to decide whether it is due to central le-
sions at the anterior horns of the spinal cord, to
peripheral pressure palsies of the ulnar nerve in
wheelchair patients, or of the median nerve in
the hands of those who hold crutches, or
whether it is due to inactivity in immobilized
patients. It is certain that lesions of the periph-
eral motor neuron, particularly at the upper ex-
tremities, may be due to a plaque in the cervical
spinal cord, and may produce fasciculations
during an acute exacerbation (Garcin et al.
1962). Involvement of the peripheral nerves in
the disease process of MS has been reported
(Pollack et al. 1977; Lassmann et al. 1981a; Pos-
er C 1993). However, lesions of the peripheral
nervous system in MS always require a very
careful search for other explanations. Marked
muscular atrophies, and particularly fascicula-
tions outside an acute exacerbation, should
give rise to doubts as to the diagnosis.

The onset of central paresis varies considera-
bly. Often, a feeling of fatigue in the legs or in
the lumbar region can be seen in retrospect as
an expression of incipient paresis. A feeling of
feebleness is increased after exercise and after
exposure to heat, more markedly so than in
other etiologies. Pareses are slowly progressive
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over years, particularly if the disease onset is in
the middle or older age group, and as a rule the
initially affected extremity remains more mark-
edly affected. Slowly progressive paraparesis
and hemiparesis lead to differential diagnostic
problems. If hemiparesis is due to MS, it is usu-
ally caused by a plaque in the lateral column of
the upper cervical spinal cord, and therefore
muscles of the face are rarely affected. Methods
and values of additional examination, which
are particularly important in such cases, are
considered in Chapters 8 and 9. Sudden onset
of hemiparesis or paraparesis has been re-
ported in cases verified at post mortem; it is,
however, very rare.

Spasticity and reflexes

For the clinician confronted with a patient with
MS, it is of particular importance to determine
signs of spasticity. Even more often than the
above-mentioned paresis, these signs are large-
ly responsible for the disability of affected indi-
viduals, and they are amenable to efficient
treatment (see Chapter 13). During examina-
tion, one has to concentrate on clinically re-
levant phenomena, and to consider modern
pathophysiological concepts of spasticity (Di-
mitrijevic and Nathan 1967a; 1967b; Conrad et
al. 1984). Spasticity is defined as velocity-de-
pendent increase of resistance, and is due to
central disinhibition of the myotatic reflex arc.

In MS, the legs are usually more markedly
affected by spasticity than the arms. Extensor
spasticity of the legs, particularly of the quadri-
ceps, may be advantageous for standing and
walking as it may compensate for muscular
weakness.

Gait in spastic patients is characterized by
plantar flexion and supination/inversion. With
increasing spasticity, gait becomes more diffi-
cult due to limitations of mobility of the joints
and to simultaneous innervation of agonists
and antagonists.

At the initial stage, flexor spasticity may lead
to falls without warning; in later stages, it may
make sitting and lying more difficult and the
use of a wheelchair impossible. If this postural
pattern of flexor spasticity becomes fixed as
contractures, there is a danger of decubital ul-
cers developing, which themselves may in-
crease spasticity. Preventive physiotherapy is
of the utmost importance in this vicious circle.
In advanced cases, extensor spasms may occur
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without a provoking pattern of posture or
movement, even when lying at night, or partic-
ularly after rising in the morning. This type of
spasm tends either not to be painful or to be
less so than the flexor spasms which occur later
in the disease course and which may be ex-
tremely painful.

Spasticity of leg adductors affects the sphinc-
ters of the bladder and bowel and makes nurs-
ing more difficult. It often develops during a
phase of extensor spasticity, but it is not, how-
ever, diminished when flexor tone increases.

It is difficult to quantify spasticity more accu-
rately than by clinical methods. Several meth-
ods have been challenged or are too time con-
suming for clinical practice. A useful possibility
seems to be the polygraphic recording of mus-
cle potentials by surface electrodes in the antag-
onistic muscles during a defined movement, for
example by recording the activity in flexors and
extensors during a circular movement on a bi-
cycle. The activities of agonist and antagonist
overlap in relation to the segment of the circle,
and the degree of overlapping may be quan-
tified as a measure of spasticity. An alterna-
tive way of measuring spasticity is to determine
the velocity and acceleration/deceleration of
defined angles on extremities over time, as
used in gait analysis (Oesch and Kesselring
1995).

The reflex pattern in MS is often asymmetri-
cal. Spastic increase of muscle tone is usually
associated with increased reflexes and enlarge-
ment of the reflex zone. However, muscular re-
flexes may be diminished or absent. In very
marked spasticity, limitation of joint mobility
may impede visible reflex response. Diminu-
tion of reflexes may also be due to a plaque in
the entry zone of the posterior root or in the
posterior horn. It may then be considered as a
sensory disturbance. Most commonly, the re-
flexes of the triceps brachii (C7), brachioradialis
(C6), biceps brachii (C5), and triceps surae (SI)
are diminished or absent.

When searching for multiple lesion sites, the
phenomenon of reflex inversion may be of im-
portance: reflexes of biceps brachii and/or bra-
chioradialis may be absent, whereas the triceps
reflex is increased on the same side. The elbow
joint is thus extended when tapping the biceps
tendon or the periosteum of the radius. This
may be explained by a plaque in the anterior
lateral column at level C5/6 which extinguishes
myotatic reflex of the flexors, interrupts cor-
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ticospinal fibers leading to the nuclei which in-
nervate the triceps, and thereby inhibits its own
reflex arc. The finding of an inverted triceps re-
flex is more indicative, but rarer: triceps jerk is
absent while reflexes of the flexors, biceps and
brachioradialis are increased. Such a finding
alone proves the presence of two lesions, lo-
cally separated, one lying above C5/6 which
disinhibits biceps jerk, and another one at level
C7/8 which leads to the absence of the triceps
jerk.

Absence of abdominal reflexes is often over-
valued as a sign of impairment of the corticospi-
nal tracts, as it can only be taken at face value in
slim nulliparous patients without scars on the
abdomen, and may be absent in 20% to 30% of
healthy individuals.

The most important sign of a lesion in the
pyramidal tract is still Babinski's phenomenon,
in which stroking of the lateral part of the sole
of the foot leads to tonic extension of the big
toes, to fanlike spreading of the other toes, and,
less markedly, to flexion of knee and hip. This
sign cannot be simulated voluntarily, and it
therefore allows reliable differentiation be-
tween organic and nonorganic pareses. Such
differentiation often gives rise to uncertainty,
especially in the early phases of MS. Babinski's
phenomenon is positive in many MS patients,
even without marked weakness.

SENSORY ASPECTS

Many MS patients complain of sensory distur-
bances; more than half have regularly done so
in large series studied for long periods of time.
At the onset of the disease, sensory distur-
bances are the most frequent complaints. Par-
esthesias are more common than hypesthesias
(Sanders and Arts 1986). During examination,
even the lightest touch of cotton is sensed, and
the tip of a needle is registered as sharp, al-
though perception in affected regions is de-
scribed as "different": for example as "further
away," "as if a second layer were below the
skin," or "as if emery paper were on the feet."
Such descriptions may lead to a diagnosis of
hysteria, particularly in young women for
whom no pathological findings are discovered
on routine examination. A highly variable and
often-changing distribution pattern of such par-
esthesias may be encountered. Particularly fre-
quent is an onset in the fingertips, spreading
over the arms, or from the toes and rising to the
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gluteal or genital region. Before MRI was used,
pathological anatomical explanations of such
paresthesias were found only rarely. Clin-
icopathological correlation is difficult to deter-
mine in purely sensory symptoms, and such
sensory disturbances occur relatively early in
the course of the disease, and are therefore not
examined at post mortem. Nevertheless, histo-
logical descriptions of plaques in sensory tracts
are well known. They are found more often in
the posterior columns than in the spinotha-
lamic tracts. On MRI, plaques in the posterior
columns may be clearly depicted (Kesselring et
al. 1989a). However, somatosensory evoked
potentials (SEPs) which are conducted via the
posterior columns are often normal in such
cases (see Chapter 8).

A clearly discernible sensory level at the
trunk is rare in MS, and should give rise to fur-
ther search for spinal cord compression.

Somewhat typical, but rare in MS, is the
"deafferented hand of Oppenheim," which
may lead to complete loss of use. A plaque in
the posterior columns is the cause (Paty and
Poser 1984). On examination, normal findings
result from the testing of motor aspects and re-
flexes, and vibration sense is diminished or ab-
sent, two-point discrimination is enlarged
(more than 5 mm on the fingertips, and more
than 2 mm side difference), and joint position
sense is absent. These findings help to discrimi-
nate acute loss of the use of a hand due to par-
oxysmal disturbance of motor function (parox-
ysmal akinesia, see p. 85) on clinical grounds
alone.

If sensory disturbances are the only mani-
festation of an exacerbation, they tend to re-
solve within 1 or 2 months. Similar to motor
manifestations, they may, however, be present
chronically during the further course of the dis-
ease. Feelings are often then described such as
"as if one were carrying an armour," "as if the
skin were too narrow," or "a belt too tight."
Many MS patients complain of an inner vibrat-
ing of the whole body; others describe a burn-
ing sensation or that the extremities feel cold or
wet, without the cause of this being discovered
on examination.

Interestingly, a diminution of vibration sense
is almost always found in conjunction with a
lesion of the pyramidal tract. This finding alone
does not justify the postulation of a second le-
sion because it may be found in diseases con-
fined entirely to the motor system, such as
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myotrophic lateral sclerosis or progressive
spastic paraparesis.

The neck flexion sign described by Lhermitte
et al. (1924) is so characteristic that it has been
valued as pathognomonic for MS. However,
the sensation is only subjective, and also occurs
in other etiologies, such as cervical spine trau-
ma, tumors of the cervical spinal cord, and mal-
formations at the cranio-cervical junction (Kan-
chandani and Howe 1982). It may also be found
in a quarter of cases of combined systemic de-
generation (vitamin B12 deficiency) (Gautier-
Smith 1973). It is uncertain whether it occurs in
cervical myelopathy which is not accompanied
by MS (Matthews 1991). Those affected de-
scribe an electric discharge spreading along the
spine and occasionally into the extremities
when flexing the neck. The sensation is un-
pleasant but not really painful, and therefore
requires no treatment. A similar sensation may
be provoked by laughing or coughing. This is
not surprising in view of experimental investi-
gations which demonstrate mechanical irrita-
tion in addition to ephaptic impulse conduction
within the demyelinated plaque (Smith and
McDonald 1982; see Chapter 6). Usually this
disturbance disappears spontaneously over a
few months. Often there is a certain habitua-
tion or fatiguability, and the sensation is pro-
voked only a few times and then does not occur
again for several hours.

Like most paroxysmal phenomena (see p.
85), the Lhermitte phenomenon seems to be
more prevalent in Japanese patients, having
been described in up to 42% of cases (Shibasaki
et al. 1981), whereas its presence has been re-
corded in from 5% to 16% of patients in MS se-
ries in Western countries (Paty and Poser 1984).

In most textbooks on MS, pain is mentioned
only briefly or not at all. In our experience,
however, it is so frequent and distressing, and
often treatable, that it deserves a special section
(see p. 83).

COORDINATION

"Pure" cerebellar syndromes are rare in MS,
and are almost unknown as an isolated initial
symptom. However, objective signs of cerebel-
lar deficiencies may be detected in a third of
cases at initial examination (Matthews 1991).
On the other hand, combinations of distur-
bances of coordination and motor deficiencies
occur frequently during the course of the dis-
ease. If present to a marked degree in younger
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patients, they may indicate a somewhat poor
prognosis (see Chapter 10).

Clinical examination of cerebellar functions is
more difficult in patients with marked spastic
pareses and disturbances of proprioception.
Cerebellar involvement is marked by the lack of
ability to measure spontaneously the temporal
and spatial distances which is necessary for
movement (dysmetria), disjointed movements
due to lack of coordination of various muscle
groups (dyssynergia), or disturbances or lack of
change from agonistic to antagonistic move-
ments (dysdiadochokinesia).

In MS, intention tremor is particularly fre-
quent, and often very disabling. It was a sign in
Charcot's classical triad of MS symptoms. It is
characterized by movement of the extremities
which is markedly increased in amplitude and
intensity when a target is approached. In most
severe cases, the affected individuals may be-
come completely dependent as they are no
longer able to feed or care for themselves. They
may be able to hold a glass in their hand, but
will spill its contents when they try to guide it
to their mouth. This symptom is based on a le-
sion in the region of the dentate nucleus of the
cerebellum and its connections. However, a
slight increase in amplitude of movement when
approaching a target may also be seen in other
forms of tremor, and when MS is suspected,
this sign alone does not prove cerebellar in-
volvement and should not be taken as an indi-
cation of an additional lesion. Despite this,
increasing tremor amplitude and intensity re-
mains an important clinical characteristic in the
differentiation of tremor forms which originate
in the cerebellum from those which depend on
other lesions in the extrapyramidal system.

Intention myoclonus may occur in the con-
text of MS and may be particularly disabling.
Every movement and even intention to move
may cause uncontrollable movements of all ex-
tremities and of the trunk. It may be differenti-
ated from true ballism on clinical grounds only
by the fact that the movements are more stereo-
typical (Matthews 1991). In contradistinction to
intention tremor, intention myoclonus may
also affect body parts which are not involved in
the intended movement itself. Lesions respon-
sible for this are found pathologically in the cir-
cuit between red nucleus, oliva inferior, and
dentate nucleus of the cerebellum, the so-
called Mollaret's triangle (Hassler et al. 1975).

Dysarthria is an incoordination in the area of
the speech musculature. Scanning speech is
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typical of MS and was part of Charcof s classical
symptom triad: syllables and words are uttered
irregularly, rapidly, and loudly, leading to an
almost explosive character of speech. This sort
of speech disturbance is characteristic of ad-
vanced cerebellar involvement.

Trunk ataxia leads to disturbance of equilibri-
um which renders gait more difficult. It may be
little influenced by visual control. In MS, the
most frequently occurring gait disturbance is a
combination of spasticity and ataxia (spastic at-
actic gait), which occurs only rarely in other cir-
cumstances, such as in combined degeneration
of the spinal cord.

Disturbances of ocular movements in MS in-
clude symmetrical horizontal directional nys-
tagmus, which depends on lesions in the cere-
bellum and its efferents. Other forms of
nystagmus, such as dissociated nystagmus of
the abducting eye as part of internuclear oph-
thalmoplegia, are discussed elsewhere (see p.
77).

OPHTHALMOLOGICAL DISTURBANCES

Optic neuritis

It has been known for over a hundred years,
since the classical work of Uhthoff (Uhthoff
1890), an ophthalmologist from Berlin, that MS
plaques occur within the optic nerves. Assess-
ment of their frequency in MS depends on diag-
nostic criteria and is variable. A study of more
than 1200 MS patients which was specifically
designed to address this question (Wikstrom et
al. 1980), found involvement of optic nerves at
disease onset in a third of cases (34.7%), and
optic neuritis as an isolated initial symptom in
17% of cases. This should not be interpreted as
indicating that disease onset should be defined
unequivocally by optic neuritis, because in
acute isolated optic neuritis prolonged latency
in the nonaffected eye is found in a quarter of
cases, indicating a subclinical involvement and
dissemination of the disease process (Matthews
et al. 1991).

Over the course of MS, optic nerve lesions
are diagnosed in three quarters of cases (Mc-
Donald 1983b; McDonald and Barnes 1992).
However, on postmorten examinations of
chronic cases after long disease duration, in-
volvement of the optic nerve is almost always
found (Ulrich and Groebke-Lorenz 1983).

Clinically (Optic Neuritis Study Group 1991),
optic neuritis manifests itself as anything from
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diminution of vision of variable degree, to com-
plete visual loss. Normally, however, both eyes
are affected with equal frequency. Generally,
patients indicate very precisely the point at
which they became aware of their visual distur-
bance. It begins rather suddenly, and is fol-
lowed by further progressive worsening, usu-
ally lasting for 3 to 7 days, and rarely for longer
than 14 days. The initial visual disturbance is
described as blurring of vision, as a "veil or
smokescreen," or as a "haze."

When measured objectively, the degree of vi-
sual loss may be very variable. Because of the
tendency for improvement to occur sponta-
neously, this also depends on how long after
the onset of symptoms the examination takes
place. Most frequently, a reduction from count-
ing fingers to 0.5 on Snellen charts is found
within the first week after onset. On average, a
linear relationship exists between visual loss
and extension of demyelination when de-
myelination found at post mortem is compared
to the last visual capacity measured during life
(Ulrich and Groebke-Lorenz 1983). On the oth-
er hand, several exceptions to this rule have
been reported: marked visual loss with only
discrete demyelination, and, particularly inter-
estingly, marked demyelination with normal
vision as determined shortly before death
(Wisniewski et al. 1976).

Restriction of visual fields usually takes the
form of central or paracentral scotomata (Patter-
son and Heron 1980). The extension also de-
pends on the stimulus used, and may reach far
into the periphery of the visual field (Perkin
and Rose 1979). In MS patients, subclinical defi-
cits of visual field may be detected frequently
by more refined methods of perimetry. This
may be important for diagnosing a second le-
sion when dissemination of the disease process
is suspected (Meienberg et al. 1982). Initially,
patients can rarely see clearly, even in the pe-
riphery of the visual field, and even when ob-
jectively only a central deficit is found.

On fundoscopy soon after the onset of symp-
toms, the optic papilla appears normal in only
about half of cases. On careful examination,
blurred margins of the papilla are found in at
least a quarter of cases, and striped hemor-
rhages close to the papilla are reported with
variable frequency (up to 17%). Periphlebitis
retinae, which may also be detected on fluores-
cence angiography (McDonald 1983b), is found
in nearly a third of cases. It may be a mark of
disease activity since the prevalence of regional
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sheathing is significantly higher in patients
evaluated during an active phase than in those
examined during a stationary phase (Tola et al.
1993).

Visual failure is usually associated with an af-
ferent pupillary defect which is called Gunn's
pupillary sign: the bright illumination of the
normal eye leads to bilateral constriction of the
pupils. When the light source is rapidly moved
to the affected eye (within 1 second), the pupil
is dilated initially and there is some delay be-
fore it constricts due to slowed afferents. Such a
reaction may be detected in almost all cases of
acute optic neuritis and in a high percentage af-
ter recovery of vision (Cox et al. 1981).

Acute optic neuritis almost always leads to a
delay of latency of the VEPs, or no cortical re-
sponses may be reproduced at all (see Chapter
8). Difficulty in central fixation may be respon-
sible for this if on examination the periphery of
the visual field is not adequately stimulated.

Frequently, eye movements in optic neuritis
are accompanied by pain which is located with-
in the eye itself, supraorbitally, or as facial pain.
It may be present only when pressure is exerted
on the eye, or may last for several weeks. The
pain usually reduces spontaneously or with ste-
roid treatment before complete recovery of vi-
sual loss. This sort of pain may be present with-
out other clinical signs of optic neuritis.

Lightning sensations, so-called phosphenes
(Davis et al. 1976), may be perceived on sac-
cadic eye movements and particularly during
recovery. These are "positive" phenomena,
with a pathophysiological basis similar to other
paroxysmal symptoms in MS (see Chapter 6).

Good recovery of vision may be expected in
90% of cases after acute optic neuritis (Mc-
Donald 1983b; McDonald and Barnes 1992).
The onset of recovery cannot usually be pre-
cisely determined. Vision recovers in 50% of
cases 1 month after the onset of symptoms, and
after a further month in all cases in which re-
covery is complete (Perkin and Rose 1979).
Diminution of vision to 0.1 persists in 5% of pa-
tients after a single episode of optic neuritis.
The extent of recovery cannot be predicted on
the basis of the degree of initial visual loss.

Despite clinical recovery of vision, subclinical
functional disturbances of the optic nerve may
remain which may be detected with evoked po-
tentials (Matthews et al. 1982), or by other spe-
cial methods of examination. As has already
been described by Uhthoff (1890), visual failure
becomes worse with exercise and with rising
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body temperature. This may be used diag-
nostically when subclinical symptoms become
apparent.

The Pulfrich phenomenon is found in at least
half of patients with unilateral optic neuritis
(Wist et al. 1978). A pendulum swinging in the
frontal plane in front of the patient is perceived
as moving elliptically because the visual im-
pression reaches the cortex more slowly via the
affected optic nerve than via the unaffected
one.

The risk of recurrence of optic neuritis is re-
ported to be between 20% and 31% (Compston
et al. 1978). There is controversy as to whether
a recurrence of ipsilateral optic neuritis is indic-
ative of dissemination of the disease process in
space and time and therefore justifies the diag-
nosis of MS (Ebers 1985; Kurtzke 1985; see also
Chapter 8). For the patient, it is of particular
importance to know the probability of an epi-
sode of optic neuritis leading to clinically defi-
nite MS.

In the literature, the percentage of cases of
optic neuritis which develop into MS after ob-
servation for years or decades varies from 13%
to 85%. Subclinical disseminated lesions, even
in cases of clinically isolated optic neuritis (Or-
merod et al. 1987; Morrissey et al. 1993), can be
detected more often on paraclinical additional
examination, and particularly using modern
imaging procedures. Several authors go as far
as to describe optic neuritis in each case as for-
me fruste of MS (Ebers 1985). Others calculate a
risk on the basis of clinical studies of between
50% (Kurtzke 1985; Sandberg-Wollheim et al.
1990) and 80% (Compston et al. 1978; Mc-
Donald 1983b; Francis et al. 1987; Morrissey et
al. 1993). This risk is influenced by several fac-
tors which in isolated optic neuritis may be
taken as prognostic indicators of development
into MS: genetic factors (fourfold increased risk
in DR2-positive patients compared to DR2 neg-
atives), recurrence (fourfold increased risk),
and seasonal difference (threefold increased
risk in optic neuritis in winter). If all these fac-
tors occur in a single patient, the risk of devel-
oping MS after optic neuritis is increased
twelvefold compared to patients lacking these
indicators (McDonald 1983b). If oligoclonal
bands are present in the CSF of patients with
isolated optic neuritis (in whom, however, we
would not perform lumbar puncture), the prob-
ability of later dissemination appears to be
higher (Moulin et al. 1983).

After simultaneous bilateral optic neuritis,
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the risk of developing MS appears to be mark-
edly lower compared to that after unilateral op-
tic neuritis, and it is extremely low after an epi-
sode of bilateral optic neuritis in childhood
(Parkin et al. 1984). Optic neuropathy occurring
after the 50th year of age leads more rarely to
MS because this diagnosis is rarer and its differ-
ential diagnosis is more extended in the higher
age group (for example, ischemic papillitis).

Disseminated symptomatology manifests it-
self much more frequently within the first 4 to 5
years after an acute episode of optic neuritis
(Ebers 1985; Hely et al. 1986), although single
cases have been described following an interval
of a decade.

In summary, long-term observations indicate
that the risk of developing MS after an acute
episode of unilateral optic neuritis can reach
80%. This risk is increased by factors such as
DR2 positivity, recurrences, oligoclonal bands
in CSF, and possibly by onset of visual distur-
bance during the winter months. Dissemina-
tion of the disease process is most commonly
found within the first 4 to 5 years after acute
optic neuritis.

Disturbances of ocular movements

Disturbances of ocular movements leading to
double vision are found at disease onset in
about one tenth of cases, and during the course
of MS in at least one third (Reulen et al. 1983;
Barnes and McDonald 1992). They become
more marked with fatigue. In MS, they are rare-
ly due to isolated deficiencies of cranial nerves,
but usually to incoordination of eye move-
ments, particularly in internuclear ophthal-
moplegia. The basis of these disturbances is a
lesion in the longitudinal medial fascicle which
connects the nuclei of those cranial nerves
which innervate the eye muscles. Clinically,
they are characterized by inhibition of adduc-
tion on the side of the lesion, and dissociated
nystagmus which is more marked on the
abducting eye (Miiri and Meienberg 1985;
Thomke and Hopf 1992). The convergence reac-
tion remains intact. In more discrete forms,
only slowing of adduction saccades is found,
which may be missed on clinical routine exam-
ination. It may be detected, however, in many
cases by special oculographic methods, such as
infrared oculography (Meienberg et al. 1986).
Internuclear ophthalmoplegia may occur in
other diseases, but it is so frequently caused by
MS that this has to be viewed as the most prob-
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able diagnosis until another one is proven. It
used to be a clinical rule that MS leads to bilat-
eral lesions of medial longitudinal bundles. On
oculography, however, unequivocal unilateral
lesions may be found (Miiri and Meienberg
1985).

Very rarely, an isolated third nerve palsy
may be an initial symptom of MS (Newman and
Lessell 1990; Jellinek 1990).

Nystagmus formed part of Charcot's classical
triad of MS symptoms (see Chapter 1), and is
found in more than half of chronic MS cases. It
is usually a symmetrical horizontal directional
nystagmus with a rapid component to the lat-
eral side. A similar nystagmus may also be seen
in fatigue or if cooperation is difficult, and it
should not be overvalued in MS nor accepted
for diagnostic purposes as the sole indicator of
an additional lesion. Acquired pendular nys-
tagmus, frequently asymmetrical in both eyes
and occasionally with rotary components, is
usually seen in MS in conjunction with head
tremor and with signs of trunk ataxia. It is due
to lesions in the region of the cerebellar nuclei
(Aschoff et al. 1974). Convergence nystagmus
should be differentiated into congenital and ac-
quired forms such as may occur in MS. Various
forms of nystagmus may persist without clini-
cal expression, and it is mainly of diagnostic
value since no effective treatment is possible.

DISTURBANCES OF BLADDER FUNCTION

The problems caused by disturbances of blad-
der function are important for MS patients be-
cause they lead to considerable consequences
in daily life. In the past, such disturbances were
the main reason for the reduced life expectancy
of MS patients. It is of the utmost importance
that they are detected early, and that they are
differentiated so that they may be treated ap-
propriately (Fowler et al. 1992; Berts et al. 1993).

Between 50% and 80% of MS patients com-
plain of bladder disturbances during the course
of the disease; in 10% they form part of the ini-
tial symptomatology. Urodynamically relevant
disturbances may be found in a much larger
percentage - over 80% in the first 5 years after
disease onset - even in early phases of the dis-
ease, when examined with refined urodynamic
methods (Bemelmans et al. 1991). Adequate
treatment is often necessary to prevent later
complications (Fowler et al. 1992).

The most common causes of bladder distur-
bances in general are infections of the urinary



78 I. Kesselring

Filling Voiding Interruption

Pons

Thoraco-
lumbar

Spinal
cord

Sacral

N. pudendus

Urethral pressure
Detrusor pressure
Sphincter EMG

Afferent •
Efferent

( T ) M. sphincter externus ( T ) Bladder neck

Fig. 7 . 1 . The most important connections and reflex arcs involved in bladder function. (After Blaivas 1984.)

tract, and these must be sought in MS patients
by urine examination. Urinary tract infections
have to be excluded before neurogenic causes
are examined further.

Modern therapeutic concepts are based on
the analysis of the rather complex patho-
physiology of neurogenic bladder disturbances
which may be caused by MS (Blaivas and Bar-
ballias 1984). Physicians treating MS patients
should be acquainted with them in order to or-
ganize appropriate examination and to initiate
the most promising treatment.

It is not possible here to elaborate in detail on
the physiology of filling and emptying of the
bladder, but an overview is given which allows
the type of disturbance to be determined and a
suitable treatment to be decided upon.

The musculature of the bladder is organized
and innervated such that normally about 350-

500 ml of urine may be retained, and the blad-
der may be emptied completely under volun-
tary control. Continence in both sexes is con-
trolled by smooth muscles at the bladder neck
and at the proximal urethra. Micturition may be
interrupted via the somatically innervated
sphincter internus. Its activity alone is not usu-
ally sufficient to retain urine if proximal para-
sympathetically innervated muscles are not
functioning.

The nerves and reflex arcs responsible for
normal micturition are depicted in Fig. 7.1.
They may be interrupted at various sites by MS
lesions.

During the filling phase, extension of the
bladder wall leads to discharges in the afferents
of the pelvic nerve. After connection within the
spinal cord, contraction of the striated external
sphincter is mediated via the efferent somatic
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pudendal nerve. At the same time, afferent im-
pulses are relayed via the sympathetic hypo-
gastric nerve. These afferents are connected to
sympathetic efferents within the thoracolumbar
spinal cord by which detrusor contractions are
inhibited and the tonus at the bladder neck is
increased. The pressure within the urethra
therefore remains higher than that of the de-
trusor, and thus filling of the bladder contin-
ues. During the emptying phase, afferent im-
pulses are mediated via the pelvic nerve to the
spinal cord where they ascend cranially and are
relayed within the pontine micturition center.
From there, other tracts descend which inhibit
discharges of the pudendal nerve, leading to re-
laxation of the external striated sphincter. Ac-
tivity within sympathetic efferents is inhibited
by the same descending pathways in the spinal
cord, leading to opening of the bladder neck.
Relaxation of the external sphincter leads to a
diminution of pressure within the urethra
which is followed immediately by detrusor con-
traction and thus emptying of the bladder. In
order to interrupt micturition, descending cor-
ticospinal pathways from the motor cortex lead-
ing to the pudendal nerve have to be intact. The
sphincter internus is controlled via the puden-
dal nerve, allowing elevation of pressure within
the urethra above that of the detrusor.

The so-called pontine micturition center is
regulated via pathways from the frontal cortex,
the thalamus and hypothalamus, basal ganglia,
limbic system, and cerebellum. Voluntary con-
trol of bladder function is thereby effected. Fur-
thermore, direct connections from the motor
cortex to nuclei of the pudendal nerve within
the sacral spinal cord (corticospinal tract?) allow
voluntary control of the external striated
sphincter of the urethra.

The most important reflex arc for bladder fill-
ing and retention of urine is formed from recep-
tors within the bladder wall via the pelvic nerve
to the sacral cord, and from there via the pu-
dendal nerve to the external sphincter (sacral
micturition center). Bladder filling is further
controlled via a reflex arc of the sympathetic
nervous system. Afferent sympathetic im-
pulses from receptors within the bladder wall
reach the thoracolumbar cord via the hypo-
gastric nerve depending on the content of the
bladder. Efferents allow tonic contraction of the
proximal urethra via a-receptors. Excitation im-
pulse is inhibited via another a-receptor trans-
mission within the parasympathetic ganglion.
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Detrusor activity is thereby inhibited, and pres-
sure within the urethra remains higher than
that within the bladder.

Bladder emptying is normally regulated via
two connected circuits: on the one hand, a re-
flex arc is formed via the pelvic nerves (para-
sympathetically from and to the detrusor) and
pudendal nerves (somatosensory and somato-
motor from and to the striated external sphinc-
ter) to the sacral micturition center within the
cord (S2-4). This reflex arc is controlled by an-
other reflex arc which includes the aforemen-
tioned pontine micturition center: it contains af-
ferents from parasympathetic receptors within
the bladder wall via the lateral columns, and
activity in the nuclei of the pelvic nerve (para-
sympathetic), hypogastric nerve (sympathetic),
and pudendal nerve (somatosensory) within
the sacral micturition center is controlled via
descending efferents.

Disturbances of function of these compli-
cated circuits may not be detected reliably
enough on the basis of clinical history and neu-
rological examination alone. However, therapy
depends on adequate analysis of these func-
tions. Combined urodynamic and electromyo-
graphic examination is therefore indicated if
relevant bladder disturbances do not respond
satisfactorily to trials of treatment (see Chapters
8 and 13).

Lesions above the pontine micturition center
typically lead to destrusor hyperreflexia. Vol-
untary control over bladder emptying is no
longer possible, although reflex arcs via the sac-
ral and the pontine micturition center remain
intact. The sequence of sphincter relaxation and
detrusor contraction therefore may remain
physiological, but voluntary control of this re-
flex is no longer possible. According to the type
of lesion, the patient may perceive involuntary
detrusor contractions as urinary urgency (i.e.,
an imperative drive to urinate); the time from
the moment of perception of bladder filling to
the moment of emptying is so short that uncon-
trolled micturition may occur if daily life is not
organized to take account of this imperative de-
mand. Occasionally, bladder emptying may be
delayed by voluntary contractions of the exter-
nal sphincter if direct connections between the
motor cortex and sacral micturition center re-
main intact. Involuntary activity of detrusor
alone does not prove a neurological cause be-
cause it may occur after pregnancy, as a result
of obstruction, and idiopathically.
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Typically, a lesion interrupting connections
between pontine and sacral micturition centers
leads to dyssynergia between detrusor and ex-
ternal sphincter. During involuntary detrusor
activity, simultaneous contractions of the exter-
nal sphincter occur, leading to occlusion of the
bladder outlet with increasing pressure. With-
out treatment, the danger of vesico-ureteral re-
flux arises, which can lead to chronic kidney
failure if it persists over a long period of time.
Bladder disturbances in at least 50% of MS pa-
tients are due to detrusor-external sphincter
dyssynergia (Goldstein et al. 1982). In 70%,
they are associated with bilateral extensor plan-
tar response (Goldstein et al. 1982; Awad et al.
1984).

Interruption of reflex arcs involving the sacral
micturition center leads to areflexia of detrusor.
This is rarely due to an isolated lesion within
the conus medullaris in MS. Voluntary control
of the external sphincter is no longer possible,
and if the sympathetic pathways remain intact,
occlusion of the proximal urethra leads to reten-
tion of urine. Sensibility in the saddle region is
reduced, as is tonus of the anal sphincter, and
bulbocavernous reflex is absent.

Isolated lesions of the sympathetic pathways
concerned with micturition are almost un-
known in MS.

Like all symptoms in MS, bladder distur-
bances may wax and wane during the course of
the disease (Wheeler et al. 1983; Blaivas 1984).
A repetition of combined urodymanic-electro-
myographic examinations may therefore be rec-
ommended if an appropriate therapeutic con-
cept becomes ineffective or if new bladder
symptoms arise.

From the clinical point of view, it is useful to
differentiate the problems of bladder distur-
bances of MS patients due to failure to store
and failure to empty (Blaivas 1984). Problems of
filling and continence are most often accom-
panied by irritative symptoms such as frequent
micturition, urgency of micturition, and incon-
tinence or dysuria. They are usually due to hy-
peractivity of detrusor or insufficiency of the
sphincter. Failure to empty, however, leads to
obstructive symptoms such as retention of
urine, reduced jet, and sensation of a filled
bladder after micturition. These symptoms are
caused by reduced activity of detrusor or ob-
structive lesions (including spasticity of the pel-
vic floor muscles). Rather than there being an
immediate neurogenic cause, long-lasting blad-
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der extension usually leads to reduction of de-
trusor activity. In many cases, bladder distur-
bances of MS patients are due to incoordination
of detrusor and sphincter (the aforementioned
detrusor-sphincter externus dyssynergia),
which may lead to irritative as well as to ob-
structive disturbances.

When taking the clinical history of bladder
disturbances, it is important to ask about earlier
urinary tract infections, medical therapies, sur-
gical interventions, and drinking habits. Blad-
der capacity is determined by ultrasound or
catheterization after micturition. If there is
more than 100 ml of residual urine, treatment is
required as infectious complications are signifi-
cantly more common than with residual urine
of less than 100 ml. Based on the clinical history
and neurological examinations, the three most
important groups of bladder disturbances may
be differentiated so that the treatment de-
scribed in Chapter 13 may be indicated. How-
ever, if bladder disturbances in MS patients
persist despite adequate treatment of the clini-
cally suspected cause, further examinations
may be indicated (see Chapter 8).

SEXUAL DISTURBANCES

Sexual problems are common in MS. If they are
due to organic lesions, they are usually accom-
panied by disturbances of bladder function.
Frequency figures vary widely in the literature
because the subject is not considered equally
important everywhere.

Loss of libido may occur in men and women.
Erectile impotence is present in over half of
men early in the disease course (Vas 1969). Sex-
ual disturbances have been found in a careful
investigation in over two thirds of patients with
little motor disability (Minderhoud et al. 1984).
In another study of unselected MS patients, 9
out of 10 men and three quarters of women in-
dicated that their sex lives were unsatisfactory
or that they had abandoned sexual activity
completely (Lilius et al. 1976).

Patients with chronic organic disease often
take it for granted that any disturbance of their
sex life is due to the disease. The organic lesion
itself is not usually the reason for such prob-
lems, but may be responsible in combination
with psychogenic causes which are often pres-
ent in such patients. For patients taking medi-
cation over years, its influence on potency has
also to be considered. Penetration is only possi-
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ble if erections last long enough, and this may
be limited in MS patients as a result of organic
causes. In such cases, bulbocavernous reflex is
usually absent, and thermoregulation in the
legs is reduced (Cartlidge 1972). If impotence is
due to an organic cause, spontaneous erections
are lacking in the morning, during dreaming,
and during fantasy, etc. If psychogenic causes
appear to be important, measuring tumescence
of the penis during sleep (during REM phases)
may be useful: it would be normal in psycho-
genic sexual disturbances.

In women, sexual activity is often impaired
by loss of sensibility in the genital region and
by spasticity of adductors (Lundberg 1981).

Sexual problems may arise for MS patients
for several functional reasons, for example be-
cause of a fear of not satisfying, fatigue, or de-
pression. The social contacts necessary to build
up a partnership may also be reduced due to
the disease, or to the fact that the patient has to
organize his or her activities according to limita-
tions set by bladder function. In existing rela-
tionships, it may be difficult for the nonaffected
partner to change from the role of nurse to
lover.

Although sexual problems in MS patients,
whether due to organic or psychogenic causes,
may, like all other symptoms of the disease,
disappear, the fact that they have been present
and may recur remains a psychological burden.
In the partnership, psychological components
are particularly important, even if organic
causes of sexual problems are found. There-
fore, therapeutic interventions have to take this
into consideration.
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cal burden, with its unpredictable course and
potential to lead to severe disability and hand-
icap.

Premorbid personality

It has been tried repeatedly, in retrospective in-
vestigations of patients already affected, to
characterize a premorbid personality, and to
determine characteristics of personality which
dispose to the disease. Such investigations
(Paulley 1976/7) claimed that the premorbid
personality of MS patients should be charac-
terized by hysterical aspects, as notes on "hys-
terical reactions" are frequently found in case
reports of MS patients. Furthermore, such peo-
ple were likely to have had difficulties in with-
drawing from key figures during adolescence.
In fact, MS may manifest itself in earlier phases
of the disease by various symptoms which may
be found in hysterical personalities: sensory
disturbances, emotional instability, and partic-
ularly fatigue. If, from such observations, the
inference is made that hysterical characteristics
of personality may dispose to the development
of MS, it only discloses a lack of ability to diag-
nose early manifestations of MS. "In its infancy
multiple sclerosis used to be called hysteria"
(Buzzard 1897; quoted in Schiffer and Slater
1985). Usually, the term "hysteria" is used im-
precisely and includes conversion phenomena,
dissociations, or only characteristics of individ-
ual personalities. Generally, it discloses more
about the way physicians think about their pa-
tients than describing clinically relevant data
(Grant 1986).

PSYCHOLOGICAL DISTURBANCES

The emotional and relationship problems associated
with MS have not always been fully appreciated by
the medical profession, which has tended to concen-
trate on the physical aspects of this disease. Yet the
psychological problems of MS often cause more suf-
fering than physical effects. (Burnfield and Burnfield
1978).

Neuropsychological disturbances and psy-
chiatric problems are common in MS (Schiffer
and Slater 1985; Grant 1986; Rao 1986; Feinstein
et al. 1993). It is difficult to differentiate which
of the disturbances concerning affects and cog-
nitive functioning are due to organic disease
and which are psychological reactions to a dis-
ease which is always an enormous psychologi-

Cognitive functions

Reports of the frequency of disturbances of cog-
nitive functions in MS patients are very vari-
able, and depend on the methods used and on
the type of patients examined. In about half of
the patients in whom no mental disturbances
are found on routine neurological examination,
cognitive deficits may be detected during de-
tailed neuropsychological examination (Rao
1986; Prosiegel and Michael 1993). Discrete or
moderate impairment of cognitive functions
may be found on neuropsychological testing,
even in patients with disease of less than 2
years' duration (Lyon-Caen et al. 1986: 60%),
without leading to disability in daily life. Pa-
tients with MS are more often distracted from
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tasks in which learning capabilities and memo-
ry are tested, although in the absence of distrac-
tion, learning capability remains intact. Visu-
ospatial processes and memory appear to be
more affected than verbal functions when com-
pared to normal individuals and to patients
with other neurological diseases (Grant et al.
1984; Carroll et al. 1984; Rao et al. 1984; Fein-
stein et al. 1993). The frequency and impor-
tance of such deficits increase during the course
of the disease (Rao et al. 1984:40%). They corre-
late with the extent of brain lesions as deter-
mined on MRI (Ron et al. 1991; Feinstein et al.
1993; Mattioni et al. 1993).

Systematic neuropsychological examinations
of MS patients (for review see Grant 1986; Rao
1986; Prosiegel and Michael 1993; Wallace and
Holmes 1993) disclose deficits mainly in tasks in
which motor velocity, strength, and coordina-
tion are required. The deficits are less pro-
nounced in tests requiring abstraction and con-
ceptual thinking. After a longer duration of
disease, disturbances of learning of verbal and
nonverbal material are frequent. Disturbances
of memory are found in a great number of MS
patients in earlier phases of the disease (Grant
et al. 1984; Good et al. 1992); in this group, ac-
cording to performance in memory testing (Rao
et al. 1984), changes of personality are often
found, most markedly in the group with the
lowest performance. More discrete distur-
bances of memory may, at least partly, be due
to depression (Good et al. 1992).

Multiple sclerosis may occasionally lead to
subcortical dementia. It is very rare in earlier
phases of the disease, but later is often accom-
panied by severe physical disability (Surridge
1969).

Affective disorders

Clinical investigations into affective disorders
in MS patients have mainly been carried out in
recent years. Over decades, apparently, it was
taken for granted that the mood of MS patients
was typically euphoric, as described by many
authors since Charcot (Cottrell and Wilson
1926). Euphoria describes a type of mood which
is characterized by inappropriate/inadequate
serenity (in view of the physical disability).
Comparative investigations of patients with
muscle diseases and similar physical disability
demonstrated that euphoria in MS patients oc-
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curs only after long disease duration and with
very marked neurological deficits, and is part of
an "organic-psycho syndrome" caused by cor-
tical MS lesions (Surridge 1969). Even in very
severely disabled MS patients, this type of
mood does not occur in more than 10%. An-
osognosia (a lack of insight into the disease)
may be a blessing for severely disabled patients
and their caregivers. It is, however, as rare as
euphoria in the early and middle phases of the
disease (Grant 1986).

So-called affect incontinence (i.e., abruptly
changing affective expressions which do not
correspond to inner mood) may be very dis-
abling for patients and those around them.
Many patients describe a type of "internal dis-
connection" which does not allow them to ex-
press verbally or nonverbally affects which they
feel interiorly. It corresponds to the pictures
seen in pseudo bulbar palsy on a vascular basis,
and is probably also due to an organic lesion.

Paroxysmal changes of mood, such as abrupt
forced laughing or crying, may also occur in MS
patients. Because of their similarity to other
paroxysmal phenomena, and the lability of af-
fects described above, we tend to consider
these disturbances as due to organic lesions.

However, the most important affective disor-
der in MS patients is depression. It is charac-
terized by an "inability to mourn," loss of hope,
and pessimism, and is often associated with
general loss of energy, sleep disturbances,
weight loss, and lack of interest. Such episodes
may precede neurological manifestations in
MS. They may occur in most patients at some
stage of their disease, and are occasionally con-
sidered a major symptom (Whitlock and Sis-
kind 1980). In 20% to 25% of patients, depres-
sion may be so marked as to require treatment
by a specialist (Schubert and Foliart 1993). The
risk of suicide of MS patients, particularly in the
earlier stages of the disease before and after the
diagnosis, is markedly increased compared to
that of the general population (Stenager et al.
1992). In the aforementioned psychiatric com-
parative study of MS patients and similarly dis-
abled patients with muscle disease (Surridge
1969), depressive symptoms were equally fre-
quent and were therefore interpreted as being a
reaction to the disease. On the other hand, the
observation that depressive episodes in MS pa-
tients are often associated with "endogenous
signs," such as vegetative disturbances and di-
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urnal changes of mood (Whitlock and Siskind
1980), is an argument for an organic basis.

Depressive disturbances in MS are so fre-
quent and of such importance that they have to
be analyzed and treated with particular care,
sympathy, and persistence.

"Stress" and MS

It has been suggested repeatedly that psycho-
logical stress, be it due to sudden involuntary
changes of life situation, traumatizing events,
or difficult partnerships, might contribute to
triggering exacerbations or even the disease it-
self. In earlier investigations (Pratt 1951), this
influence has been denied. In more recent sys-
tematic investigations of events in the lives of
MS patients which are outside the normal daily
experience and which may lead to psychologi-
cal stress, it was shown that 70% (Grant 1986)
to 80% (Warren et al. 1982) of MS patients had
experienced such events, compared to only
20% of controls. Frequently, these events oc-
curred in close temporal relationship to exacer-
bations of the disease. However, it may not be
inferred from these interesting observations
that MS is a psychosomatic disease in the sense
that its physical manifestations could be the im-
mediate consequence of psychological distur-
bance. In the long-term management of MS pa-
tients, life situation and partnerships are of
particular significance.

Because neuropsychological research in MS
is a relatively new field of investigation, it is of
particular importance that comparable test bat-
teries are used for which normative data are
available (Peyser et al. 1990; Prosiegel and Mic-
hael 1993; Wallace and Holmes 1993).

PAIN AND FATIGUE

For decades, MS was considered typically to be
painless. Recent investigations, however,
mainly initiated by those with the disease,
demonstrate that pain is often a major problem
which has to be taken seriously by relatives and
caregivers. It may often be prevented or
treated. Pain in MS is present in one third to
one half of cases (Clifford and Trotter 1984; Ver-
mote et al. 1986; Moulin et al. 1988) and may be
considered by up to one third of patients to be
the most disturbing symptom. The frequency
of occurrence of pain is not related to the de-
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gree of disability: it is more frequent in older
people, when disease onset has occurred at a
late age, in those with chronic progressive dis-
ease, and when there is spastic paresis and dis-
turbances of coordination. It can be classified as
follows.

1. Pain due to the disease process itself.
2. Pain which may be due to the consequences

of the disease.
3. Pain due to disability and its associated

problems.

1. Trigeminal neuralgia and painful tonic
spasms are due to plaques lying within pain-
conducting fiber tracts (see p. 73). More often, a
persistent, not very intense pain in the extremi-
ties is described which is characterized as dull
or stabbing and is often associated with a sensa-
tion of warmth. It is considered to be due to
lesions in the dorsal columns (Paty and Poser
1984; Vermote et al. 1986). Very intense, so-
called pseudoradicular pain of short duration
may also occur in the extremities which does
not follow the distribution pattern of anatomi-
cally defined regions.

2. Shooting spasms of the extremities are par-
ticularly marked in flexor spasticity of the legs
(see p. 72) and are often extremely painful. Uri-
nary infections due to bladder disturbances
lead to pain in the urinary tract and may in-
crease spasticity. Often, pain in the extremities
and in the trunk is due to such infection-in-
duced spasticity. The same mechanism may be
involved in pain due to decubital ulcers. Al-
though typically these occur in regions of re-
duced sensibility, they may increase spasticity
considerably, particularly if infected. They can
normally be avoided by careful nursing.

3. Pain due to disability or its effects may
pose particular problems for MS patients. In
most cases this type of pain can be prevented
by adequate physiotherapy and comprehensive
rehabilitation. Sixty percent of wheelchair pa-
tients complain of neck pain, and the comfort
of those sitting in wheelchairs is not always
considered carefully enough. The seats and
back rests of wheelchairs sag after long-term
use, and kyphosis of the thoracic spine, which
is insufficiently supported by the weakened
back musculature, is thereby increased. In or-
der to compensate, patients extend their head
and shoulders anteriorly, leading to painful
muscular imbalance. Patients with MS often



84

show very marked degeneration of the joints
caused by inappropriate loading of the cervical
and thoracic spine, leading to complications af-
fecting the peripheral nervous system. Too of-
ten, one can observe how wheelchair-bound
patients have to adopt painful positions be-
cause others fail to communicate with them on
eye level.

In chronic MS, painful osteoporosis (insuf-
ficient bone formation) may be due to inactiv-
ity or to irresponsible long-term prescription
of steroid therapy which still occurs occa-
sionally.

Lesions of the peripheral nerves are less dra-
matic, but are often overlooked and prevent-
able. For example, lesions of the median nerve
at the wrist can occur following the long-term
use of canes, and of the ulnar nerve at the el-
bow in someone who uses an armrest on a
wheelchair. On several occasions, we have
seen lesions of the peroneal nerve below the
head of the fibula caused by the belts of foot
supports which have been too tightly applied to
correct foot deformity.

A general feeling of fatigue and fatiguability
is often considered the most disabling symp-
tom in MS (Freal et al. 1984; Krupp et al. 1988).
There is no easy pathophysiological explana-
tion for this. It appears to be an organic phe-
nomenon and should be differentiated from
loss of energy due to depression (see p. 82). It
may be exacerbated by exposure to heat, heavy
meals or, according to the spontaneous reports
of many patients, by smoking. It is improved at
rest, less so by sleep. Fatigue in MS is probably
not only due to increased muscular load, for ex-
ample due to spasticity, bad posture, or in-
creased respiratory exertion (Olgiati et al. 1986),
but it is the subjective expression of those pro-
cesses which form the basis of the disease. It is
a symptom which is often misunderstood by
partners, companions, and employers at the
work place, as well as by physicians and care-
givers. Fatigue and increased fatiguability are
also the classical excuses of shirkers. The trust
of patients must be gained in order to be able to
make this important distinction. Although it is
difficult to provide measurable clinical data, the
similar experiences of many MS patients and
the opinions of many experienced clinicians are
valuable evidence that fatigue and increased fa-
tiguability are important symptoms of MS
which themselves may cause disability.

I. Kesselring

PAROXYSMAL PHENOMENA AND
INVOLUNTARY MOVEMENTS

All manifestations of MS may occur only very
briefly. They should be considered to be exacer-
bations if they last less than 24 to 48 hours (see
Chapter 8). Apart from possible psychological
stress factors (see p. 83), transient clinical
symptoms are mainly due to Uhthoff's phe-
nomenon: rising body temperature leads to am-
plification of clinical symptoms or the forma-
tion of new ones. Apart from such transient
changes in the clinical picture in MS, paroxys-
mal clinical symptoms may occur, lasting only
for seconds to minutes. Although they are
somewhat rare relative to the whole spectrum
of clinical symptoms of MS, they may be of par-
ticular importance to those affected, and should
be recognized as they are amenable to symp-
tomatic therapy.

Epileptic seizures

In the literature on clinical symptoms and signs
of MS, there have been several reports of cere-
bral seizures since the first description by
Leube in 1917. Indications of frequency vary
widely: in the epileptological literature, we
found up to 10% (Trouillas and Courjon 1972);
in some neurological centers the average figure
for epilepsy is 0.5%. Summarizing 20 publica-
tions since 1905 (Hopf et al. 1970) concerning
MS patients, there are 207 cases with cerebral
seizures, corresponding to 2.5%. This is in ac-
cordance with our own figure of 27 patients
with epilepsy among 1016 MS patients (Beer
and Kesselring 1988), and with another study
from Finland (Kinnunen and Wikstrom 1986). If
the age distribution of both diseases is taken
into consideration, the coincidence cannot be
by chance, and epileptic seizures appear to oc-
cur about 10 times more often than in the gen-
eral population.

As far as types of epileptic seizures are con-
cerned, two thirds are focal in nature, and in
one third of cases, simultaneous central deficits
(monopareses and hemipareses of sensory dis-
turbance or sensory loss) are present on the
same side.

It would appear that, on the one hand,
plaques lying close to the cortex may induce
seizures by mechanical and electrical irritation,
and, on the other hand, lability of cerebral reg-
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ulatory mechanisms accompanying an exacer-
bation may lead to manifestations of a constitu-
tional disposition to seizures.

Paroxysmal phenomena of extracortical
origin

Among motor paroxysmal phenomena, tonic
brainstem seizures are of particular importance
because they are often accompanied by severe
pain. Typically, brief tonic muscle spasms oc-
cur, irradiating from one extremity to the other
on the same side. They may be triggered by hy-
perventilation and vestibular stimuli (change of
position). In larger series of MS patients, this
symptom may be found in 4% (Matthews 1991).
In the Japanese literature, its frequency is re-
ported to be as high as 28%, and there are de-
scriptions of manifestations on both sides
(Shibasaki et al. 1981). The attacks may accu-
mulate within a limited period of time and may
then be considered as an exacerbation.

Based on histological examinations and com-
puter tomography (Watson and Chiu 1979), the
pathological-anatomical lesion is located in the
brainstem.

Involuntary movements, as in Parkinson's
syndrome or choreoathetosis, occur in MS ex-
clusively paroxysmally. It is not unusual for pa-
tients to report brief choreiform athetoid move-
ments and nontypical dystonia (Berger et al.
1984). The entire Parkinsonian syndrome of rig-
or, tremor, and akinesia is very rare in MS and
there is probably no direct causal relationship
(Sarkari 1968).

Apart from such positive paroxysmal phe-
nomena, negative ones may lead to involuntary
movement disorders in MS. Among them are
paroxysmal dysarthria (Espir et al. 1966) and at-
axia - episodes of blurred speech or inhibition
of speech lasting only a few seconds to minutes
(on average 15 seconds) - often accompanied
by trunk ataxia, or incoordination of the ex-
tremities, or double vision. In paroxysmal loss
of use (Matthews 1975; Osterman and Wester-
berg 1975; Castaigne et al. 1979), an extremity
may not be used at all. A similar clinical picture
occurs in kataplexy from the narcolepsy com-
plex which on occasion may be shown to have a
convincing causal relationship with MS (Gri-
goresco 1932; Schrader et al. 1980). In both con-
ditions, there is a strong association to HLA
DR2. Untreatable singultus (hoquet diabolique)
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may be due to MS, as has been described in
three impressive cases (McFarling and Susac
1979). Paroxysmal itching, as described in three
women (Osterman 1976), appears to be some-
what less dramatic and is explained by the
same mechanisms as the paroxysmal painful at-
tacks.

Trigeminal neuralgia is much more frequent
among MS patients than in the general popula-
tion. In 1905 Oppenheim described, in his Text-
book of Nervous Diseases, a case of syntropy,
illustrating the postmortem finding of a de-
myelinating plaque in the entry zone of the tri-
geminal nerve into the pons. Symptomatic tri-
geminal neuralgia and idiopathic trigeminal
neuralgia are not identical: MS patients are
somewhat younger and often show sensory
disturbances in the trigeminal region. There are
probably also certain differences in the charac-
ter of the pain since in one third of MS patients
it may last a few seconds or longer. The course
of the disease may be a little different in cases
where it is accompanied by trigeminal neural-
gia: onset is later, cranial nerve disturbances are
more frequent as initial symptoms, pontine and
cerebellar disturbances predominate, and in
one third of cases pain also occurs at other
sites.

Facial myokymia

Facial myokymia (Matthews 1966; Tenser 1976)
is a conspicuous involuntary movement disor-
der occurring particularly, if not exclusively
(Waybright et al. 1979), in MS. It involves a
painless "waving" of facial muscles (Anderman
et al. 1961). Patients complain of stiffness of one
half of the face and that the affected side be-
comes distorted. There is ptosis and deepening
nasolabial fold. Voluntary strength is not re-
duced, and active contractions of single facial
muscles are followed by rapid fluttering in
neighboring muscle groups which may not be
apparent to an observer. On electromyogra-
phy, characteristic groups of multiple units fir-
ing in their own constant rhythm are found
(Matthews 1966).

FREQUENCY OF SYMPTOMS

Tables 7.1 and 7.2 summarize the frequency of
symptoms occurring at the onset of the disease
and over the entire course of MS in patients
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Table 7.1 Symptoms at disease onset, and percentages
of patients experiencing them

I. Kesselring

Sensory disturbances
Visual disturbances (vi-

sual loss + distur-
bances of ocular
movements)

Gait disturbances
Pareses
Vertigo
Sphincter disturbances
Fine motor disturbances
Fatigue
Epileptic seizures
Psychic disturbances

(1)

41.3
36.9

31.8
23.4
8.0
5.5
3.9
1.6
0.7
0.6

(2)

40
34

39
5
5

(3)

33
30

18
16 (approx.)

(1) Beer and Kesselring 1988, n = 688; (2) Matthews
1991; (3) Paty and Poser 1984, n = 461.

whose disease was detected clinically or at post
mortem. Percentages of the various symptoms
have already been mentioned; often symptoms
occur simultaneously at the onset of the dis-
ease. Such polysymptomatic onset occurs in
55% of cases, and in 50% of these is accom-
panied by paresis (Matthews 1991). Paresis as
an isolated initial symptom occurs only in a
quarter of cases. Cerebellar deficits occurring
exclusively at disease onset are unknown. Indi-

Table 7.2 Symptoms during the course of the
disease (%)

(1) (2)

Remission 72
exacerbating remitting
primary progressive
secondary progressive

Pyramidal lesions
Visual and oculomotor disturbances
Bladder disturbances
Brainstem and cerebellar disturbances
Dysarthria
Disturbances of equilibrium 80
Sensory disturbances
Vibration sense 71
Paresthesias 66
Nystagmus 70
Gait ataxia 55
Mental and cognitive deficits 45

99
85
82

55

35
19
47

> 80
ca. 80

57
75
20

83

42

(1)111 cases proven at autopsy (CM. Poser et al. 1984);
(2) 3248 patients with mean disease duration 10.8 years
(S. Poser 1986).

vidual cases may be marked by rare symptoms
which are known to occur over the disease
course, such as psychological disturbances,
paroxysmal phenomena, fatigue etc. Despite
very careful questioning of our patients, we
were not able to detect a combination of symp-
toms which would allow for differentiation of
the prodromal phase, as has occasionally been
postulated.
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Diagnosis

Le diagnostic de la scl6rose en plaques est bien sou-
vent l'objet de difficult^ insurmontables.

Joseph Babinski, 1885

INTRODUCTION

The diagnosis of MS has far-reaching conse-
quences in the lives of those affected and their
relatives. It should therefore be made on the
basis of rational and sound consideration. The
description of the diagnosis by a leading MS re-
searcher may well be accurate: "Multiple scle-
rosis is what a good clinician would call multi-
ple sclerosis" (Kurtzke 1974). However, the
physician who is confronted with a patient and
his or her symptoms needs diagnostic criteria
based on numerous reliable principles in order
to establish a diagnosis. Rationally proven clini-
cal diagnosis facilitates the discussion with pa-
tients and their relatives and allows for a more
clearcut differential diagnosis. Various clinical
studies - be they concerned with the course of
the disease, with epidemiological problems, or
with the use of therapeutic interventions - may
be more easily compared if they incorporate a
unified diagnostic terminology. A correct diag-
nosis may be made earlier if strict diagnostic cri-
teria are applied (Izquierdo et al. 1985).

DIAGNOSTIC CRITERIA

The diagnostic criteria of MS have been in use
for decades (Schumacher et al. 1965; McDonald
and Halliday 1977). The diagnosis was usually
based almost exclusively on the clinical history
and on neurological examinations made during
the course of the disease. The lists of diagnostic
criteria were constructed mainly in order to
compare clinical therapeutic studies. The prob-
ability of diagnosis was graded as "clinically
definite," "probable," and "possible." How-

ever, first exacerbations and the early stages of
the disease could not be diagnosed using these
criteria. This is probably a serious disadvantage
because the recognition of the early stages of
the disease may be of particular importance in
the search for exogenous etiologically relevant
factors. Problems due to a lesion at a single lo-
cation within the CNS, such as isolated optic
neuritis or monotopic brainstem and spinal
cord syndromes, may already be part of MS
and are not embraced by these criteria. Insofar
as such isolated symptoms may precede the
disease or may be an early stage of it (Mc-
Donald 1983b; Ebers 1985; Ormerod et al. 1987),
their correct diagnostic classification may be im-
portant for possible therapies, and certainly for
a more comprehensive understanding of the
whole clinical spectrum of the disease (Hern-
don and Rudick 1983).

The age limit placed on the onset of the dis-
ease (10 to 59 years) excluded a further, proba-
bly only minor, group of patients with a defi-
nite diagnosis as there are cases verified at post
mortem in which the onset of the disease lies
outside this age range (see Chapter 9).

The clinical diagnosis of MS always includes
some uncertainty concerning the clinicopatho-
logical correlation. If additional data from labo-
ratory examinations are included, the reliability
of the diagnosis is markedly increased (Polman
et al. 1985; Sanders et al. 1986a; Giesser et al.
1987). Prognostic indicators which are of great-
er interest to patients than the diagnosis itself
are being searched for using special examina-
tions such as electrophysiological measure-
ments, biochemical analysis of CSF and serum,
and imaging procedures (see Chapter 10). It is
therefore appropriate to include such "para-
clinical" parameters in newer diagnostic recom-
mendations for MS (Poser et al. 1983,1984).

In practice, it is best to adhere to a list of crite-
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Table 8.1 Diagnostic criteria in multiple sclerosis. Two groups of diagnostic reliability are differentiated:
"definite" and "probable." In each of these groups, two subgroups are formed:
"clinically supported" and "laboratory supported."

Category

Clinically definite
1)
2)
Laboratory supported definite
1)
2)
3)
Clinically probable
1)
2)
3)
Laboratory supported probable
1)

Exacerbation

2
2

2
1
1

2
1
1

2

Determination of
lesions

Clinically paraclinically

2
1 and 1

1 or 1
2
1 and 1

1
2
1 and 1

Cerebrospinal fluid
(oligoclonal bands)

+
+
+

+

ria designed for research protocols. The most
widely used is the recommendation of the Pos-
er Committee (Poser et al. 1983; 1984; Table
8.1), which is discussed later. A clear under-
standing has also to be gained of cases which
are not diagnosed by these criteria (McDonald
and Silberberg 1986; Matthews 1991). The prac-
ticing neurologist and physician are probably
more often confronted by them than the clini-
cian working in a hospital.

Relapse and remission

A symptom of neurological functional distur-
bance lasting longer than 24 hours and remit-
ting after a certain period of time is considered
to be an expression of a relapse, whether deter-
mined objectively as a physical sign or only as
an anamnestic indication. A remission is a clear
improvement of symptoms and signs lasting
longer than 24 hours. It is significant only when
it lasts at least 1 month.

Individual symptoms may occur in MS which
last only a few seconds or minutes (see Chapter
7). Although they do not constitute a relapse on
their own, they may be part of one if they accu-
mulate over a period of days or weeks. In order
to consider two relapses as being separate from
one another, they should occur at least 4 weeks
apart (Poser et al. 1983; 1984) or, more cau-
tiously, 6 months apart (Ormerod et al. 1987).
From our experience with acute disseminated
encephalomyelitis (Kesselring et al. 1990), we

consider this caution to be very important in
avoiding confusion between MS and the mono-
phasic disease ADEM (see Chapter 11). As a
rule, for a definite diagnosis of MS to be made,
two relapses should occur which are based on
lesions at two different sites. This restriction
should avoid the misinterpretation of mono-
phasic diseases which have to be considered in
the differential diagnosis. An exception to this
rule are cases with at least two "typical" lesions
and oligoclonal bands in the CSF, for which the
diagnosis can be made during the first relapse.
These cases will be more frequently identified
when MRI (see p. 105) is more readily available.
The danger then arises, however, that the diag-
nosis is made too readily without sufficient crit-
ical evaluation of the modern techniques.

Clinical evidence of lesions

Clinical evidence of lesions arises from patho-
logical findings on neurological examination.
Particular attention should be paid to those
parts of the nervous system which are not sus-
pected of being affected from the clinical histo-
ry. Some examination procedures are not part
of routine neurological examination, but they
often yield pathological findings in MS, for ex-
ample examination of color sense and lumi-
nance sensitivity (Foster et al. 1985), saccadic
eye movements (Meienberg et al. 1986), Pul-
frich's pendulum (Wist et al. 1978), or signs of
periphlebitis retinae on fundoscopy (Engell
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1986; Tola et al. 1993). Pathological findings not
apparent during the examination can be ac-
cepted if they have been described earlier by a
reliable examiner. For diagnosis, only those
symptoms and signs should be considered
which are characteristic of the disease. These
include those based on the well-known predi-
lection sites of MS plaques (see Chapters 2 and
7): optic neuritis, spasticity of the extremities,
bladder disturbances, vertigo, oculomotor dis-
turbances, etc. It goes without saying that MS is
considered only when no other diagnostic ex-
planation is present. Dementia, aphasia, epi-
leptic seizures, affective disorders, and periph-
eral neurological deficits may be compatible
with the diagnosis of MS, but they should not
be considered alone as proof of its presence.

On rare occasions, symptoms present in a pa-
tient's case history may be considered as being
of importance as objective signs if their descrip-
tion appears to be reliable and they are known
to be relatively typical, for example optic neuri-
tis or transient double vision, Lhermitte's
symptom, and other paroxysmal phenomena
(see Chapter 7).

Paraclinical evidence of a lesion

Paraclinical evidence of lesions is gained by
procedures which are performed in addition to
clinical neurological examination: electrophys-
iological investigations (see p. 90) and imaging
procedures (see p. 105). With careful considera-
tion of the indications and differential diag-
nosis, diagnostic certainty in MS is markedly
improved by these investigations, and the
length of time for which patients have to be ob-
served in order to classify them with greater
certainty is markedly shortened (McDonald
and Silberberg 1986).

Separated lesions

In general, two lesions at different sites are re-
quired for a definite diagnosis of MS. It should
not be possible to explain the various symp-
toms and neurological signs as being due to one
lesion only. By convention, bilateral optic neu-
ritis (Parkin et al. 1984) is considered to be due
to a single lesion when both sides are affected
at the same time (within 2 weeks); it is assumed
to be due to multiple lesions if both sides are
affected over a longer time interval. Since dis-
semination of the disease process does not nec-
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essarily occur in cases of bilateral optic neuritis
(Parkin et al. 1984; see Chapter 7), for diagnos-
tic purposes this is not considered to be due to
multiple lesions. Particular difficulties arise
when clinically isolated monotopic lesions,
such as isolated brainstem or spinal cord syn-
dromes, and lesions at other sites within the
CNS are detected by paraclinical investigations
(Ormerod et al. 1987; Morrissey et al. 1993). In
such instances, the process cannot be defined
as multiphasic (see p. 128) as long as it cannot
be determined unequivocally that the lesions
are of different ages (Miller et al 1988a). Accord-
ing to diagnostic convention, a single clinical le-
sion may only be diagnosed as due to definite
MS if oligocloncal bands are present in the CSF
and if at least two separate relapses may be dis-
cerned from the case history.

Laboratory support

Only the diagnostic contribution of examina-
tion of the CSF is considered here, particularly
the determination of immunological activity
within the CNS: oligoclonal bands in electro-
phoresis of CSF (see p. 111). In cases of single
clinical relapse and multiple lesions, and in
cases of at least two relapses and only one le-
sion on clinical examination, the finding of oli-
goclonal bands in CSF determines the diagnosis
of definite MS. The detection of myelin break-
down products in CSF may be interesting for
determining disease activity, although it has lit-
tle relevance to the diagnosis (A. J. Thompson
et al. 1985).

Special cases

The Poser criteria set the age range of disease
onset at 10 to 59 years. This limitation is justi-
fied for research purposes for which patients
with other diseases need to be excluded. In dai-
ly practice, however, this age range would not
be strictly adhered to since well-documented
MS cases have been described in which disease
onset was before the 10th and after the 60th
year of life (Bauer and Hanefeld 1993; see Chap-
ter 9).

Acute monotopic CNS lesions have to be con-
sidered in the differential diagnosis of MS (see
Chapter 11). Cases in which clinical manifesta-
tions point to a single lesion which is already
part of a disseminated disease process are of
particular interest. Among them are isolated
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optic neuritis and isolated brainstem and spinal
cord lesions. Multiple lesions outside the re-
gion in which they would explain the clinical
symptoms are found in 50% to 70% of cases
with these clinical pictures (Ormerod et al.
1987; Morrissey et al. 1993). This paraclinical
finding on its own does not prove the diagnosis
of MS: multiple lesions which cannot be distin-
guished from those seen in MS may occur in
monophasic diseases such as acute dissemi-
nated encephalomyelitis (see Chapter 11).

If a diagnosis of definite MS is proven in serial
examinations, new lesions are always detected.

Diagnostic difficulties often arise in chronic
progresssive myelopathic syndromes in which
no single relapse may be discerned. Cases of
MS manifesting in such a way are not diag-
nosed by the aforementioned criteria. Oligoclo-
nal bands in CSF and detection of clinically si-
lent lesions by paraclinical investigations point
to the diagnosis of MS (Kempster et al. 1987). In
such cases it is often necessary to exclude a
compressing lesion on the spinal cord by MRI
or myelography.

NEUROPHYSIOLOGICAL INVESTIGATIONS
by C. W. Hess

Introduction

Numerous physiological methods have been
recommended for the diagnosis of MS by which
various functions of the CNS may be examined.
Each of them may yield pathological findings in
a proportion of patients. For several, mainly
practical, reasons, only a limited number of lab-
oratory examinations is widely used routinely.
Introduction of a new method is hampered if
the cost of new equipment exceeds the value of
that already present in a clinical neurophysio-
logical laboratory or in a neurological practice.
On the other hand, the measurement of audi-
tory and somatosensory evoked potentials has
been widely used since the introduction of the
technique of VEPs. In this case, the risk of mis-
use and diagnostic overvaluation of evoked po-
tentials has to be guarded against. It is often
forgotten that such technical examinations pro-
vide only a limited contribution, and they can
never replace careful clinical examination. For
the inexperienced examiner there is consider-
able danger of misinterpretation: the more omi-
nous false-positive findings can occur more fre-
quently than false-negatives ones. There is

C. W. Hess

significant individual variation and a broad
band of normal values of single inter- and intra-
parameters. This fact may often be overlooked,
leading to misinterpretation and the descrip-
tion of a normal variant as pathological. For
these reasons a neurophysiological laboratory
should not cultivate too large a repertoire of
routine examinations. Only in frequently used
examinations can diagnostic certainty and re-
liability be acquired. An examination will pro-
vide a valuable diagnostic contribution if its in-
dications are clear, it is performed carefully,
and the results are evaluated critically. In gen-
eral, a neurophysiological method of examina-
tion should be performed simply and rapidly,
should not be invasive for the patient, and
should be sensitive enough to detect clinically
silent lesions. Furthermore, it is desirable that it
produces specific results, a requirement which
is difficult to fulfill with the methods currently
available. Among evoked potentials, only a few
standard examinations have been selected from
a large number of stimulation and recording
techniques. They are presented on the follow-
ing pages.

Evoked brain potentials

The principle of afferent evoked brain potentials

In a strict sense, evoked potentials are measured
by all electrophysiological methods which use a
stimulus. By convention, however, the term is
used only for electrophysiological investiga-
tions of the CNS. Afferent evoked potentials
are made visible within the electrical activity of
the brain by automatic averaging, a technique
developed in the 1950s (Dawson 1951). Brain
potentials evoked by various stimulus modal-
ities are so small that they disappear in the far
greater resting activity of the electroencephalo-
gram. Electronic averaging devices allow a
summation of electrical brain activity in relation
to the repeated stimulus. The related responses
become visible, and resting activity indepen-
dent of the stimulus (biological background
noise) is extinguished by summation; potentials
occurring in constant temporal relationship to
the stimulus are built up. Signal-to-noise rela-
tionship is improved by summing up more
sweeps. The yield, however, is related to an ex-
ponentially increasing number of measure-
ments. In practice, the number of sweeps to be
measured is very limited. Large single artifacts,
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for example from adjoining muscles, comprise
a possible source of error because they may be
misinterpreted as stimulus-dependent poten-
tials after a relatively small number of averages.
It is important that the examiner observes the
continuous build-up of signals and recognizes
abruptly occurring artificial potentials. For the
same reason, it is a rule in evoked potentials
that each examination has to be repeated twice,
and that only unequivocally reproducible po-
tentials are accepted.

The quality of afferent evoked potentials de-
pends mainly on minimizing artifacts. During
recording, the patient should lie relaxed in or-
der to avoid interference from muscle poten-
tials. This is not always easy for anxious pa-
tients with pain. Therefore it is important that
patients are as relaxed and as comfortable as
possible, that they have an empty bladder, the
room temperature is comfortable, and there is a
calm atmosphere during examination. On some
occasions, for example when examining small
children, the use of a mild sedative such as di-
azepam may be justified. If all these factors are
carefully considered, the stimulus responses
will not be influenced to any relevant degree.

For the assessment of stimulus responses, re-
liable normative values are required which
have been derived from a representative nor-
mal population by identical recording tech-
niques. Normal values cannot be taken from
the literature without examination because pa-
rameters of stimulation and recording vary
from one laboratory to the next. Stimulus con-
ditions are of particular importance in auditory
and visual evoked potentials because ampli-
tudes as well as latencies of the responses may
be influenced to a significant degree. On the re-
cording side, the same holds true for the filters
used, whereas the precise characteristics of the
amplifier in modern devices have no relevant
influence in this respect. Each laboratory should
determine its own normal limit by examining
healthy individuals. Usually, normal values in
evoked potentials are set to 2.5 standard devia-
tions from the mean value. Further information
concerning recording evoked potentials may be
found in the literature (Halliday 1994).

Not all components of the evoked potentials
arise within the cortex in the immediate vicinity
of the electrode defined as the different one
(Fig. 8.1). By electronic averaging, it is possible
to record potentials originating relatively far
away from the electrode. Therefore, subcortical
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Protuberantia occipitalis ext.

Fig. 8.1. Electroencephalographic (EEG) recording
points over the skull according to the "10-20 system."
The recording sites most often used in evoked potentials
are indicated.

regions and even sections of the spinal cord
and of the brachial plexus are included. For re-
cording of these distant and stationary poten-
tials, the choice of the indifferent reference elec-
trode is of decisive importance. Depending on
the localization of the reference electrode, they
become more clearly visible or even change po-
larity. Thus the directional relationship be-
tween the vector of the causative dipole and of
the recording electrode pair is important. The
terms different and indifferent electrodes, of
course, are not appropriate for these distant po-
tentials. In afferent evoked potentials, the defi-
nitions of different and indifferent are therefore
arbitrary, and usually related only to "near" re-
sponses, for example to cortical potentials in
scalp recordings. In recent years an internation-
al standard has been set amidst the enormous
variability of recording techniques and nomen-
clatures. Continuing differences in parameters
of stimulation and recording may partly be due
to different diagnostic priorities and instrumen-
tation. As usual in clinical electrophysiology,
polarity is chosen such that negative potentials
at the different electrode are recorded upwards.
In brainstem auditory evoked potentials (BAEPs)
it is convention to define the electrode near the
ear as different, and the scalp electrode as indif-
ferent. This is correct for the first cochlear com-
ponent, and appears to be appropriate as long
as one is not interested in the acoustically
evoked late responses originating in the cortex.
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In neurological routine diagnosis, the focus is
on the early acoustically evoked potentials gen-
erated within the brainstem. Considering the
various nomenclatures, it is recommended to
use those which contain polarity and approxi-
mate normal latency: for example, P15 for a
positive component with a mean latency of 15
ms. This system is used more generally in VEPs
and in SEPs. An exception to this is BAEP, for
which roman numerals are widely used.

The quality of information about evoked
brain potentials may be improved by increasing
the number of recording electrodes (see Fig.
8.1), which may also be expected to improve
diagnostic yields. This involves a relatively
greater instrument expense which probably
does not pay off in routine diagnosis. Longer
and more difficult preparations of recording
would be required, and an enormous amount
of data would have to be analyzed. Expensive
brain mapping systems try to tackle this prob-
lem. Although commercially available systems
appear very impressive in this respect, they do
not bring decisive advantages compared to sim-
ple recordings with two to five channels. There-
fore, on the following pages the systems of
evoked potentials most commonly used in the
routine diagnosis of MS are described.

Visual evoked potentials

Visual evoked potentials produced by checker-
board pattern reversal, as introduced by Halli-
day and collaborators in 1972, are sufficiently
sensitive and do not cause distress to the pa-
tient. The examination, as described below,
generally lasts a quarter of an hour; excep-
tionally, in difficult cases, it may take 40 min-
utes. It is well tolerated by patients and may be
performed by a single examiner. The inter-
pretation of the curve is relatively simple and
the result is immediately available. A single am-
plifier channel and an averager, together with a
stimulus generator and a stimulation field, for
example a videomonitor or television set, are
sufficient for routine examination (Fig. 8.2).
The method is limited when there is lack of co-
operation by the patient, be it voluntary or due
to fatigue or generall ill-health.

Visual evoked potentials occupy the prime
position among evoked potentials for other rea-
sons too: they are able to detect the clinically
silent second lesion (Kjaer 1982) which may be
decisive for the diagnosis of MS. If a definitely

Fig. 8.2. Arrangement for stimulation and recording of
VEPs. The retina is stimulated by inversion of the chess-
board pattern produced on a television screen or video-
monitor. This pattern reversal is repeated 64 to 128
times at a frequency of 0.5 Hz, and the EEC signal re-
corded from the occiput (with frontal reference) is aver-
aged electronically at the same frequency.

pathological VEP is found in a patient with a
recent spastic paresis of the extremities, further
search for spinal cord compression is not of pri-
mary importance, and examination of CSF may
suffice. In such a situation, pathological SEPs
would not add much information. Pathological
BAEPs would direct interest to the region of the
brainstem as the most probable location of the
lesion causing weakness. They would, how-
ever, not be able to prove the second lesion.

In VEPs, stimulation with pattern-reversal
checkerboard is established for routine diag-
nosis of the visual system. If interest primarily
concerns the optic nerve, each eye is stimulated
separately. If, however, a retrochiasmatic le-
sion within the optic tract is being sought, bin-
ocular half-field stimulation is used (Fig. 8.3).
In both situations, a median occipital recording
(see Fig. 8.2) is generally sufficient, and the first
large positive maximum P100 is measured (Fig.
8.4). Without changing the position of the re-
cording electrode, the examination may be fo-
cused onto the prechiasmatic or retrochiasmatic
part of the visual system by asking the patient
either to fixate with one eye on the center of the
stimulation field, or to fixate with both eyes on
the left and right margins of the stimulation
field, respectively. Only in exceptional cases
are additional recording sites required if, for ex-
ample, the main cortical component cannot be
defined with certainty in complex configura-
tions of the potential (Halliday 1994). The use
of different types of stimulus is also recom-
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Visual field
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Area 19
Area 18

Fig. 8.3. Schematic depiction of the visual system.
When each eye is stimulated separately, the examina-
tion is focused on the optic nerves; with temporal and

mended by asking the patient to fixate the cen-
ter and the upper margins of the stimulation
field (stimulation of the lower visual field), be-
cause the main positive component P100 is
sometimes best seen with the one, sometimes
with the other method. Although a stimulation
field in a relatively small central area of the vi-
sual field is sufficient for generating pattern
VEPs, a certain safety margin is recommended,
for example a stimulation field of about 20 to 25
degrees of arc. Thus reliable responses are ob-
tained even with imprecise fixation of the cen-
ter. More peripheral parts of the visual field
produce a slightly later and more or less
marked positive component P135, which may
render interpretation of response more difficult
(so-called W-configuration, see below). There-
fore, occasionally recording has to be repeated

Occipital (visual)
cortex

half-field stimulation of both eyes, it is focused on the
optic tract and the optic radiation, respectively.

with a reduced stimulation field in order to de-
fine P100 unequivocally.

To produce the largest possible amplitude of
the evoked potential, the optimal dimension of
the square of the checkerboard is about 15 to 30
minutes of arc. It is important, however, to use
a larger pattern of about 1 degree of arc (50 to 70
minutes of arc) when searching for central, i.e.,
retrobulbar, lesions. A source of error of false-
positive findings which is important for the
neurologist is thus reduced because a pattern of
this dimension produces potentials which are
more resistant to anomalies of refraction and
opaque media. Very fine patterns may be of in-
terest to the ophthalmologist, for example for
objective determination of refraction anoma-
lies.

If oscillation frequency exceeds 8 Hz, a steady
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Fig. 8.4. Normal (A) and pathological (B) examples of
VEPs. The upper curves (M) are derived when the patient
is fixing the center of the stimulation field; the lower
curve (0) when fixing the upper margin. Both eyes were
stimulated separately by covering the unused one. The
42-year-old patient of curve B suffers from progressive

10

100 ms
paresis of the right leg and had never complained of vi-
sual disturbances. The latency of the positive compo-
nent (P100) is found to be markedly pathological (130
.ms) when stimulating the left eye, and normal (104 ms)
when stimulating the right eye. In this case, VEPs indi-
cate a diagnosis of "probable MS."

state potential is produced in which direct mea-
surement of latency is not possible. Most com-
monly, a frequency of about 2 Hz is used. An
average of 32 to 128 sweeps is necessary to pro-
duce a useful potential. Oscillation time is deter-
mined within television or videomonitor stimula-
tors, and may be varied only in stimulators using
mirror projections. Short oscillation times are
then preferable. Attention must be given to illu-
mination density and pattern contrast because
they may be changed considerably over time by
dust deposits on the stimulation field, by soot de-
posits on the projection lamp, by variable illu-
mination, and by inadequate darkening of the
room. These parameters therefore have to be
controlled and recalibrated periodically. All stim-
ulus parameters not only influence the amplitude
significantly, but also the latency of the evoked
potentials, and they are therefore decisive for the
normative values.

During the examination of the patient, the
build-up of the average potential and the unre-
fined signal is observed continuously in order
immediately to eliminate sources of artifacts.
Usually the component P100 is recognizable in
crude lines after a few sweeps, and the exam-
ination may then be finished within a few min-

utes. If this is not the case, it must be ensured
that the patient is really looking into the stimu-
lation field. If this is not possible, for example
because of markedly reduced visual acuity or
because of disturbances of ocular movements
(nystagmus), the stimulation field must be en-
larged (by bringing the patient closer to the
monitor) or the number of average sweeps
must be increased. A not uncommon source of
error in MS patients is a-waves which may oc-
cur during recording when patients are tired or
unable to concentrate. Alpha waves have to be
recognized immediately and the examination
must be interrupted by frequent arousal and
encouragement to attention. When interpreting
the findings, it is important to define a positive
maximum P100 following the first negative
change (N75), even when a second positive
maximum (P135) follows which may be even
larger. Such W-configurations are a frequent
cause of false-positive findings when the first
positive peak is relatively small and therefore is
not taken as P100. If such a situation is sus-
pected, the examination has to be repeated
with different conditions of stimulus and re-
cording.

Visual evoked potentials are particularly
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valuable in the diagnosis of MS because laten-
cies remain pathological after subjectively
healed optic neuritis. In this respect, they are
even superior to subjective tests of color sense
and contrast sensitivity, which may be more
sensitive in the acute stage of optic neuritis. Vi-
sual evoked potentials therefore often allow
verification of a subjective indication of possible
optic neuritis. Even without subjective visual
disturbances in the case history, pathological
findings indicating a clinically silent lesion are
often found. In MS patients this is the case in
60% to 90% of the eyes examined, and in 30% to
40% of patients without indications of visual
symptoms in their case histories (Halliday
1994). In large series of definite MS patients,
pathological VEPs on at least one side may be
expected in 80% to 95% of cases (Trojaborg and
Petersen 1979; Chiappa 1980; Halliday 1994).

The typical finding after optic neuritis is a
markedly delayed response with only slightly
reduced amplitude (see Fig. 8.4b). Latency may
be delayed by 30 to 50 ms, and in extreme cases
by up to 70 ms. If a delayed latency of P100 is
found, opaque media, severe glaucoma, and
uncorrected refraction anomaly on this eye
must be excluded. Such ocular affections re-
duce the value of the moderately delayed laten-
cy as an indicator of a central lesion. Even
though these affections primarily reduce the
amplitude of VEP, they may often lead to a
slight delay of latency which is more marked
the smaller the stimulus pattern (see above).
This holds true for other ocular affections (for
example ischemic optic neuropathy) as well as
for compressive optic nerve lesions: they all re-
duce amplitude primarily and may lead in addi-
tion to moderate delay of latency. Often no re-
sponse at all may be recorded during the acute
stage of severe optic neuritis, a finding which
may also occur in acute occlusion of the central
artery which may produce a similar clinical picture.

In addition to the above-mentioned tests of
contrast sensitivity and color vision, the other
psychophysical examinations of the visual sys-
tem may be carried out using modern methods
for the determination of visual fields and also
by measuring flicker fusion.

Somatosensory evoked potentials

Somatosensory evoked potentials evoked by
electric stimulation of nerve trunks at the ex-
tremities are well established in MS diagnosis.
They produce reliable results without the need
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Fig. 8.5. Arrangement for stimulation and recording of
SEPs from the tibialis nerve (tibialis SEPs). Stimulation
behind the medial malleolus, lumbar recording (2) -
best done using needle electrodes between spinous pro-
cesses T12 and L1 (reference electrode over pelvis and
abdomen) - and cortical recording (1) from midparietal
with frontal reference.

for additional stimulus apparatus and within an
acceptable period of time. Stimulus frequency
of 2 to 3 Hz is sufficient, necessitating a dura-
tion of examination of 30 to 45 minutes for one
nerve pair. By stimulating a mixed nerve slight-
ly above motor stimulation threshold, stimulus
frequency is adapted to the individual patient
and is usually well tolerated (Figs. 8.5 and 8.8).
By averaging 256 to 1024 sweeps, cortical re-
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Fig. 8.6. Example of normal tibialis SEPs with cortical
(1) and lumbar (2) responses following stimulation of the
right (A) and left (B) foot. The components N22 (lumbar)
and P40 and P60 are most suitable for determination of
latencies. The latency difference P40 minus N22 is a
measure of the afferent central conduction time (N22-
P40), and is independent of the relatively variable length
of the leg in contrast to the peripheral conduction time,
N22. Two successive curves are superimposed in order
to demonstrate reproducibility. (The same holds true for
the following examples.)

sponses are reproduced reliably even under
pathological conditions, and in most cases even
a peripheral response from brachial plexus and
lumbosacral root entry zones may be obtained
(Figs. 8.6 and 8.10). This is important in order
to gain insight into peripheral conduction time,
which is variable from person to person due to
the different lengths of their extremities. Possi-
ble pathological situations which may influence
central response indirectly are thereby recog-
nized (Fig. 8.7). When stimulating a mixed
nerve of the leg it is often possible to record a
peripheral lumbosacral response (N22) by plac-
ing needle electrodes between spinous pro-
cesses Thl2 and LI (see Fig. 8.5), in addition to
the primary cortical response (P40) recorded by
a scalp electrode. The difference in time be-
tween these responses corresponds to an af-
ferent central conduction time over a relatively
long distance. This distance may be divided
further by additional cervical recording (N30) in
order to calculate spinal conduction time. This
is desirable for better localization in cases of de-
layed latency. In addition to clinical symptoms
specific for a brainstem affection, pathological
SEP findings may only be accepted as an indica-

2 uV

]5uV

20 ms

Fig. 8.7. Example of pathological tibialis SEP of a pa-
tient with definite MS and sensory disturbances on the
right side of the body. (Arrangement identical to that in
Fig. 8.6.) When stimulating on the right side (A), the
cortical response P40 (1) at 52 ms, and the central con-
duction time N22-P40 at 27.5 ms are markedly patho-
logical, whereas the latencies are normal when stimulat-
ing left (P40 = 42 ms; conduction time N22-P40 =
18.7 ms). Note in comparison to Fig. 8.6 the larger am-
plification and therefore smaller amplitudes, in particu-
lar of the cortical response on the right side.

tion of a silent second lesion if the delay of la-
tency can be localized to the spinal region.
However, it is not always possible to record this
cervical component N30 by stimulating nerves
of the leg, and in these cases, better localization
of delay may be obtained by recording median
nerve SEP in addition.

In median nerve SEP (Figs. 8.8 and 8.9), a
cervical response can be recorded reliably in
healthy people. This response is generated
mainly on the cervical level and is recorded as
component N13 over the spinous processes C5/
C7. If spinal recording is performed with a fron-
tal reference electrode, a caudorostral dipole
component N14 generated within the medulla
oblongata is added, and this can be avoided by
using a ventral reference point at the neck (De-
smedt and Cheron 1981). The complete lack of a
spinal response, therefore, is a definite patho-
logical sign and is due to a cervical lesion. Inter-
estingly enough, in MS patients a cortical re-
sponse, although reduced in amplitude and
possibly delayed, may be recorded despite lack
of a spinal response, indicating a relative integ-
rity of thalamocortical projections. There are
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Fig. 8.8. Arrangement for stimulation and recording of
SEPs from the median nerve (median SEP). Stimulation is
at the wrist, recording supraclavicularly from Erb's point
(4), from the neck over the spinous process C7 (3), and
contralaterally from the scalp (2 and 1). The reference
electrode lies frontal (1 and 3) or at the ear (2 and 4).
Additional information may be gained by double corti-
cal recording with different reference (1 and 2), because
components of the potential which are visible only with
an ear reference are of subcortical origin (so-called far-
field components, see text).

several reasons for this phenomenon. (1) In
evoked brain potentials, stimulus responses oc-
curring in temporal succession to a peripheral
stimulus are not causally related because differ-
ent afferents operating in parallel may produce
potential components on different central levels
of integration. (2) The relatively autonomous
thalamus may react to a quantitatively weak af-
ferent with a relatively strong thalamocortical
projection, a property often described as ampli-
fication effect of the thalamus. In SEP it is prob-
able that the spinal response requires a larger
number of afferent impulses than the thalamo-
cortical system.

In MS, the typical finding in SEP is again a
marked delay of latency, often in combination
with a more or less marked diminution of am-
plitude (Figs. 8.7 and 8.10). Compared to com-
pressive lesions, for example due to a tumor,
delay is relatively specific for MS because me-
chanical injury tends to reduce the amplitude,

N20 N35

,A^V

]5uV

10 ms

Fig. 8.9. Example of normal median SEPs by stimulating
the right (A) and the left (B) hands. Curves 1 to 4 corre-
spond to the arrangement of recordings as depicted in
Fig. 8.8. The most important components of potentials
are indicated: the plexus potential or Erb's potential (EP)
in 4, the cervical response N13 (3) and P13 (B2) and PI 5
(A2), respectively, which are recorded with an ear refer-
ence, the so-called far-field potentials, and finally the
cortical primary complex N20 (1).

and only minimal delay of latency or no poten-
tial at all may be obtained. In an individual
case, this differentiation is often not reliable
enough, and an anatomical depiction (MRI,
myelogram) is required.

Somatosensory evoked potentials are partic-
ularly valuable in patients with sensory distur-
bances without objective signs, where the ques-
tion arises of whether or not an organic lesion is
present. In such cases, SEP may produce
"hard" pathological evidence and indicate the
direction for further investigations. Such situa-
tions are not rare, particularly in early stages of
MS. On the other hand, normal SEPs are not
proof of psychogenic disturbance!

Brainstem auditory evoked potentials

Brainstem auditory evoked potentials are usu-
ally evoked by clicks, i.e., short rectangular im-
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Fig. 8.10. Typical pathological median SEPs of a 30-
year-old patient with definite MS with variably marked
paresthesias in the right arm for 6 years. Recording ar-
rangement identical to that in Fig. 8.9. On the right side
(A), markedly delayed cortical response N20 (latency =
43 ms) (1), diminished amplitude, and prolonged con-
duction time (N13-N2O = 29.6 ms). On the left-hand
side (B), latencies and conduction time are normal (N20
= 22.2 ms; N13-N20 = 8.6 ms). Note the cervical
responses which are deformed on both sides (3), a typi-
cal finding which, however, does not allow for any defi-
nite conclusions to be drawn.

pulses presented over headphones. Intensity of
sound is best set at 70 to 80 dB above the
threshold of this stimulus. Polarity of click stim-
ulus is often chosen as alternating pressure and
decompression stimulus in order to minimize
stimuhis artifacts. In addition, it should be pos-
sible to apply decompression impulses exclu-
sively as such stimuli are often better at pro-
ducing a discernible first cochlear response.
Monoaural stimulation by masking of the con-
tralateral ear is most commonly used. At least
1536 sweeps have to be summated because of
the very small amplitudes. A relatively high
stimulus frequency of about 10 Hz may be
used.

Of the various components, the first five
waves are of particular importance, usually

re
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Fig. 8.11. Example of normal BAEPs by stimulation of
the right (upper curve pair) and left (lower curve pair)
ears and recording with the "different" electrode over
the vertex (Cz). The peripheral cochlear component (I) is
found only on the ipsilateral side with initially negative
deflexion (upward). Concerning the later central medul-
lary (III) and pontomesencephalic (IV and V) compo-
nents, the side of the recordings is not important in these
far-field potentials.

numbered by Roman numerals (Fig. 8.11). The
first component is generated by the auditory
nerve and is therefore a peripheral cochlear
stimulus response. The third component origi-
nates in the region of the medulla oblongata,
the fourth and fifth components on the pon-
tomesencephalic level. A reliable assessment of
central responses requires the presence of the
first component because latencies, and to some
extent amplitudes, are related to this first com-
ponent. If the first component is lacking, a de-
layed fifth component may not be taken as
proof of a central lesion. In such cases, a pe-
ripheral cause has to be sought and the ear has
to be inspected (for example for cerumen ob-
turatum).

Of all the evoked potentials, the BAEPs are
least suited to the detection of the second lesion
so important for a diagnosis of MS. Apart from
the visual disturbances and neuropsychological
deficits, most central neurological syndromes
may also be explained by a brainstem lesion. If
pathological BAEPs are found in a patient with
monoparesis, paraspasticity or internuclear
ophthalmoplegia, they may indicate a second
silent lesion which is, however, not necessarily
distinct from the lesion producing the symp-
toms. Furthermore, pathological BAEPs are of-
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Fig. 8.12. Typical pathological BAEPs of a patient with
longstanding MS. Identical recording arrangement to
that in Fig. 8.11. Normal first cochlear response (I) on
both sides and increased latency of all central responses,
whereby component V on the right-hand side is not clearly
delineated. Note the increased amplification in compar-
ison to Fig. 8.11 (and therefore smaller amplitudes).

ten difficult to interpret because of their numer-
ous components. There may be rather typical
BAEP changes in cerebellopontine angle tu-
mors. Despite claims to the contrary, specific
pathological changes may not be defined in ei-
ther MS lesions or in space occupying lesions,
although typical delay of latency may be ex-
pected and observed (Fig. 8.12). Furthermore,
BAEPs are relatively resistant and therefore
rather less sensitive. An unequivocally patho-
logical BAEP finding is therefore very impor-
tant. For complaints which are difficult to de-
fine objectively, such as dizziness, BAEPs may
produce the hard evidence justifying further in-
vestigations.

Examinations of reflexes

Lesions may be detected neurophysiologically
by measuring reflexes. Reflexes with short cen-
tral pathways and few synapses rarely yield
positive findings, whereas more complicated
reflexes with longer central pathways have the
disadvantage of relatively high variability. Spe-
cific results for MS cannot be expected. Certain
reflex examinations require special arrange-
ments of equipment. These factors hamper
their use in MS diagnosis, and therefore many
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reflex examinations recommended for this pur-
pose are not described in detail here; only the
examinations which have proved to be most ef-
fective will be considered briefly.

Various brainstem reflexes are standardized
electrophysiologically and may be measured:
blink reflex triggered by supraorbital electrical
stimulation of the trigeminal nerve is widely
used because it can be performed with the equip-
ment available in most laboratories. Comparing
the first ipsilateral oligosynaptic response to the
ipsilateral and contralateral polysynaptic late
response, quite precise conclusions may be
drawn as to localization. This reflex may also be
triggered by physiological (acoustic or optic)
means. Thus the considerable variability of
these reflexes is further increased, and, in ex-
aminations of reflexes in general, a mean value
of several (for example, eight) sweeps is deter-
mined. Electronic averaging, on the other
hand, is less reliable. In MS, a relatively high
incidence of pathological findings may be ob-
tained (Khoshbin and Hallet 1981). Mechan-
ically induced brainstem reflexes, for example
masseter reflex, are less useful because of the
large variability (Yates and Brown 1981).
Acoustically induced stapedius reflex is well
standardized. Its measurement, however, re-
quires the special installation of impedance au-
diometry in order to detect mechanical re-
sponse. It may detect subclinical brainstem
lesions (Hess 1979).

Late reflex responses of extremity muscles
(long latency reflexes) are of increasing interest
in clinical diagnosis. They are induced either
mechanically by a phasic stimulus or electrically
by stimulating the corresponding mixed nerve
at the motor threshold. Late reflex responses
may be obtained by distal electrical stimulation
of the skin (cutaneomuscular reflexes). The
stimulus response consists of a modulation of
the discrete voluntary tonic preinnervation and
is measured via surface electrodes over the cor-
responding muscle after electronic averaging of
several sweeps. Muscle activity recorded is rec-
tified electronically in order to summate posi-
tive and negative deflexions. The rationale for
using these late reflex responses in central neu-
rological disorders is based on the assumption
that late responses following the first segmental
reflex response are due to a long reflex loop in-
cluding transcortical pathways. This hypothe-
sis is probably correct for certain types of inves-
tigations. However, it may not be accepted as a
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general assumption for late reflex responses,
and awaits conclusive proof in individual cases.
Nevertheless, in central lesions, and partic-
ularly in spastic pareses, typical changes have
been observed in which the first segmental re-
sponse is increased and the late reflex re-
sponses are diminished or lacking (Lee and Tat-
ton 1975; Beradelli et al. 1984). This method
may be widely used because electrically in-
duced reflexes do not require the installation of
equipment other than simple electronic rec-
tifiers which are usually built into modern in-
struments. Electrically induced long latency re-
flexes after stimulation of the median nerve are
established as a simple and practically useful
screening method. The latency of the late
(transcortical) reflex response is related to the
simultaneously induced spinal H-reflex (Deuschl
et al. 1988). Thus methodological problems of
different arm lengths and additional peripheral
neuropathies are elegantly avoided. Patholog-
ical findings can be determined by this method
in 80% of definite and in 60% of probable MS
cases (Deuschl et al. 1988).

C. W. Hess

Fig. 8.13. Arrangement for stimulation and recording of
central MEPs by transcranial cortical stimulation. Stimu-
lation is in the form of single short magnetic pulses over
the scalp and by short electric high-voltage stimulation
over the neck. Recording by a surface electrode from
abductor digiti minimi muscle and biceps brachii. By
discrete voluntary preinnervation of both target muscles
(spreading of the fingers, slight elevation of the forearm),
a marked amplification of the motor compound poten-
tial is achieved.

Motor evoked potentials induced by
transcranial stimulation of the cortex

Until a few years ago, neurophysiological diag-
nosis lacked the ability to examine central mo-
tor pathways directly. In MS, symptoms of dis-
turbed motor control often occur at disease
onset, and later may dominate the clinical pic-
ture. Merton and Morton (1980) were the first
to succeed in stimulating motor cortex in awake
individuals across the intact skull by electric
high voltage stimulation. The latencies of the
compound muscle potentials suggested activa-
tion of the rapid pyramidal system. Delays of
latency of central motor impulse transmission
were detected in MS patients by this method
(Cowan et al. 1984; Mills and Murray 1985). Un-
fortunately, such high voltage stimuli applied
to the skull are relatively painful, which limits
the use of this method in routine examinations.
Only by developing a strong generator of mag-
netic field pulses was it possible to stimulate
motor cortex in awake individuals in the ab-
sence of pain (Barker et al. 1985). No serious
side-effects have been reported so far. In pa-
tients at risk of epileptic seizures, a slight pro-
convulsive tendency should be considered. It is
recommended that the hearing of children and

adolescents should be protected since certain
stimulation coils may produce an acoustic trau-
ma. Patients with cardiac pacemakers and
those with metallic devices inside their skulls
have to be excluded from examinations. The ex-
amination is very simple and may be performed
quickly because compound potentials of single
stimuli are measured, and thus averaging is not
necessary. In principle, motor evoked poten-
tials (MEPs) have many applications.

Measuring central motor conduction by stim-
ulating motor cortex with magnetic pulses is a
relatively recent investigative technique, the ac-
tual value of which for clinical neurology has
not yet been established. Most experience has
been gained in MS, for which the diagnostic
value of the method was first demonstrated
(Hess et al. 1986a). It is therefore appropriate to
describe briefly central MEPs.

By a surge of current within the stimulation
coil applied to the skull, a short magnetic pulse
is generated which by itself induces small cur-
rents in the brain (Hess et al. 1987c). Thereby
current densities are produced which are not as
high as in electrical high voltage stimulation.
Muscle potentials evoked at the muscles of the
extremities are recorded with surface elec-
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Fig. 8.14. Normal central MEPs from abductor digiti
minimi and biceps brachii after stimulation over the cor-
tex (Cx). Two single compound potentials are superim-
posed. By additional stimulation of the motor cervical
roots (C7), a peripheral motor potential is evoked and a

10 ms
central motor conduction time can be calculated by sub-
traction of the latencies of both these potentials. A single
cortical and cervical stimulating impulse is sufficient to
produce a compound potential simultaneously in both
muscles.

trades, and are of the same order of magnitude
as those evoked from peripheral nerves if the
target muscle is slightly preinnervated volun-
tarily. In order to obtain a measure of central
motor conduction time (CMCT), peripheral
conduction time has to be subtracted from total
corticomuscular latency. Peripheral conduction
time can be calculated either by transcutaneous
stimulation of motor roots at the neck and in
the lumbosacral region (Figs. 8.13 and 8.14) or
by determining F-wave latency. For stimulation
of motor roots, a strong electric or magnetic
stimulator is required. A stimulation electrode
is applied over spinous processes C5-C7 and
L5-S1, and the effective site of stimulation lies
slightly outside the intervertebral foramina
(Schmid et al. 1991). Depending on the stimula-
tor and on the configuration of the body, it is not
always possible to obtain supramaximal stimulus
responses, particularly in the lumbosacral region.

Depending on the method used and the target
muscle, CMCT in healthy individuals is 6 to 8 ms
to the cervical region (Hess et al. 1986a), and 16 to
18 ms to the lumbosacral spinal cord.

Prolonged CMCT is found frequently in MS
(Hess et al. 1986a; 1987d; Ingram et al. 1988;
Jones et al. 1991; Fig. 8.15), and the degree of
delay has been found to be unexpectedly large
in certain patients (Hess et al. 1987a). In com-
parison to clinical findings on the extremity
measured, a clearcut correlation was found
with symptoms of spasticity or signs of pyrami-
dal tract affection, much less so with pareses of
the corresponding muscle. Pathological delays,
however, were often found despite lack of mo-
tor pareses or spastic increase of tone, and even
without exaggerated jerks. Even in extremities
without any conspicuous clinical finding, pro-
longed motor transduction times were found
(Hess et al. 1987d). Similar to the afferent
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Cx

Fig. 8.15. Pathological central MEPs from the same MS
patient as in Fig. 8.10. Arrangement of examination
identical to that in Fig. 8.14. Whereas the motor com-
pound potentials evoked by stimulation of the cervical
roots are normal (C7), the potentials evoked by cortical

Biceps

10 mV 10 mV

10 mV

1mV

Ir-o-

17.3

10 ms

stimulation show markedly pathologically increased la-
tencies in both muscles on the left-hand side (Cx). Note
the smaller amplitudes in comparison to Fig. 8.14, and
the increased variability of the central motor responses
(increased amplitude).

evoked potentials, clinically silent lesions may
be detected in the efferent system. The MEPs
prove to be equally as sensitive as SEPs in MS
patients. It is rare, however, that MEPs are able
to increase diagnostic certainty compared to
SEPs or VEPs because they are less often capa-
ble of detecting clinically silent second lesions.
Furthermore, MEPs do not provide findings
which are pathognomonic for MS and they are
even less specific than afferent evoked poten-
tials in this respect. Marked prolongations of
CMCT have been found in amyotrophic lateral
sclerosis, in hereditary ataxias (for example
Friedrich's ataxia), and in cervical myelopathy
due to spondylosis (Hess et al. 1987b; 1987d;
Claus et al. 1988; Schriefer et al. 1989; Eisen et
al. 1990; Maertens de Noordhout et al. 1991). In
these conditions, however, the extent of the de-
lay is usually not as large as in many MS pa-
tients. The value of the method lies particularly
in detecting clinically silent or doubtful distur-
bances in the pyramidal central motor system,

rather than in the differential diagnosis of CNS
diseases with motor symptoms. Motor evoked
potentials provide a useful screening method as
they require relatively modest equipment and
are practical to use. In young patients with un-
specific complaints which may suggest MS,
clinical examination often reveals no hard evi-
dence, probably only exaggerated muscle jerks.
In such situations, pathological MEPs may indi-
cate the right direction for further investiga-
tions.

Assessment of oculomotor disturbances by
oculography

It is common clinical experience that oculomo-
tor disturbances are particularly frequent in MS
patients. It is therefore desirable in MS diag-
nosis that their exact analysis is made possible
by the use of appropriate measuring equip-
ment. Recording techniques have become more
refined in order to find oculomotor distur-
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bances which are typical for MS and to detect
those which are not visible to the naked eye.
The large corneoretinal potential is used which,
as an axial dipole within the eyes, is easily mea-
sured by electrophysiological methods. In
nystagmography, alternating current amplifiers
are used which filter out low frequencies and
therefore do not record slow movements. Thus,
this method is not suitable for recording the po-
sition of the eyes, pursuit movements, and
large saccades. Improved amplification tech-
niques make it possible to record conjugated
eye movements by direct current electroocu-
lography. Analysis of saccades in MS provides
pathological findings with the same frequency
as VEPs (Mastaglia et al. 1982). However, ex-
aminations with DC electrooculography are rel-
atively expensive and time consuming, partic-
ularly due to drift of electrodes and instability
of the corneoretinal potentials in relation to illu-
mination. Frequent calibration is thus often
necessary. Furthermore, for reasons of symme-
try, electrooculography does not allow inde-
pendent separate recordings of both eyes (Hess
et al. 1986b). This is a clear disadvantage for di-
agnosis since a separate recording would be de-
sirable because dissociated (incongruous) sac-
cades are a typical symptom of MS. Discrete
internuclear ophthalmoplegia, so characteristic
in MS (see Chapter 7), may be missed by clini-
cal examination and may be detected only as a
slightly slower velocity of saccades of the ad-
ducting eye.

Infrared reflection oculography, which has
become methodologically more refined in re-
cent years, is clearly superior to electroocu-
lography for the separate examination of both
eyes (Hess et al. 1986b). Reflection of the invisi-
ble infrared light is measured, and asymmetri-
cal recording by electrodes is not necessary.
Furthermore, examination with the infrared
method takes markedly less time than with
electrooculography.

It was possible to detect dissociated saccades
in 58% of 80 cases of definite MS by infrared
reflection oculography, a third of which were
subclinical (Meienberg et al. 1986). Pathological
findings were recorded in 80% of the cases if
further oculographic parameters were consid-
ered. Again, these signs of brainstem lesions
are less useful for the detection of clinically si-
lent second lesions than VEPs. Nor are ocu-
lographic findings specific for MS. However,
they may add valuable information when sub-
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jective disturbances have to be objectivated, or
when a questionable finding has to be clarified
and documented. The equipment required is
expensive and will probably have to be con-
fined to neurological centers.

Combined cystomanometric-
electromyographic investigation of bladder
and sphincter function

Bladder disturbances and resulting complica-
tions are common in MS and often give rise to
the main problems of therapy and rehabilita-
tion. They may result in reduced life expectan-
cy, and quality of life is certainly compromised
by urinary tract infection with the danger of
chronic pyelonephritis and urosepsis. Bladder
disturbances not only have to be detected in
good time, but they also have to be identified
precisely in order for them to be treated appro-
priately. This is not possible without auxiliary
diagnostic means. In MS, various forms of blad-
der disturbances caused by central lesions may
occur depending on the different localizations
of lesions in the CNS. The different forms may
require different treatment modalities (see
Chapter 7).

In combined cystomanometric-electromyo-
graphic investigation, pressure in the bladder
and rectum is measured via a catheter, rectal
pressure being a measure of intraperitoneal
pressure. Muscle activity of the external sphinc-
ter of the bladder is measured electromyo-
graphically. According to our own experience,
concentric or bipolar needle electrodes are most
suitable because they allow muscle activity to
be recorded constantly and free of artifacts,
even during micturition. As a less invasive
method for sphincter electromyogram, circular
surface electrodes may be applied to the in-
dwelling catheter which is placed as close as
possible to the sphincter. However, the posi-
tion of the electrode in relation to the sphincter
is not always stable, and recording is less reli-
able. The internal bladder sphincter, being a
smooth muscle, cannot be recorded electro-
myographically. Assessment of its contraction
depends on morphological criteria of the blad-
der neck.

After clinical urological examination and de-
termination of resting urine, the bladder is
filled retrogradely with water containing con-
trast media. Pressure signals and tonic electro-
myographical activity are recorded continu-
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Fig. 8.16. Recording of normal micturition during com-
bined electromyographic-urodynamic examination.
Sphincter EMG is recorded by needle electrodes; pres-
sure in the bladder and rectum by indwelling catheters.
The bladder was previously slowly filled with water con-
taining a contrast agent until the patient felt the urge to
urinate. After voluntary initiation of micturition, pres-

sure within the bladder rises due to contraction of the
detrusor, while tonic activity of the sphincter remains
stable. The patient is capable of interrupting micturition
by innervating the sphincter muscle. Coughing leads to
prompt phasic increase of pressure in the bladder and
rectum and to a short increase of activity of the sphincter
(Venetzetal. 1989).

ously, and filling of the bladder is observed on
the X-ray monitor. Reflexic phasic increase of
sphincter activity and functioning of pressure
measurement in the bladder and rectum are
controlled by coughing and abdominal pres-
sure. During the filling phase, uninhibited de-
trusor contractions, which may not be con-
trolled voluntarily and which are typical of
detrusor hyperreflexia in "neurogenic blad-
der," should be noted. They may be indicated
by a sudden increase of pressure in the bladder
while pressure in the rectum remains un-
changed. With voluntary increased abdominal
pressure, however, bladder and rectal pressure
increases.

The patient should notify the first sensation
of desire to urinate, but should only urinate
when the desire is too strong to ignore and
when the examiner asks him or her to do so.
During micturition, it should be observed
whether the external sphincter is relaxing nor-
mally, and, radiologically, whether the internal
sphincter (bladder neck) is opening (Fig. 8.16).
If this is the case, the patient is asked to inter-
rupt micturition in order to assess whether
prompt increase of phasic activity in the exter-

nal sphincter is present, indicating normal vol-
untary control of the striated sphincter muscle.

Urinary urgency, so typical in MS but also
present in numerous other neurological condi-
tions, is caused by uninhibited detrusor con-
tractions occurring even with small bladder vol-
umes during the filling phase. This so-called
detrusor hyperreflexia may be due to lesions in
various locations of the CNS: lesions lying in
the suprasacral spinal cord, in the brainstem, or
in the basal ganglia. Infravesical obstructions of
outflow (hyperplasia of the prostate) may lead
to detrusor hyperreflexia and have therefore to
be excluded (see Chapter 7).

The syndrome of detrusor hyperreflexia has
to be examined further for therapeutic reasons.
Combined cystomanometric-elecrromyograph-
ic investigation allows further classification ac-
cording to the behavior of the sphincter. In one
type, the inner and outer sphincters relax dur-
ing micturition. Patients may not be able to pre-
vent a certain loss of urine by voluntary activa-
tion of the external sphincter; they are capable,
however, of initiating normal micturition. This
is called urge incontinence. These patients may
profit from anticholinergic medication which
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Fig. 8.17. Example of a typical detrusor-sphincter ex-
ternus dyssynergia of an MS patient. Arrangement of ex-
amination identical to that in Fig. 8.16. During detrusor
contraction, sphincter activity increases paradoxically
and impedes micturition which initiates too late, occurs

Coughing 1 min.

spasmodically and incompletely. The fact that rectum
pressure does not show any relevant elevation proves
that it is due to a true detrusor contraction and not to
voluntary abdominal pressure, in which an increase of
sphincter activity would be normal (Venetz et al. 1989).

supports the external sphincter and often pre-
vents incontinence. In the second type, occur-
ring in more advanced stages of the disease, ei-
ther the internal or the external sphincter acts
paradoxically during micturition by increasing
phasic activity instead of relaxing, and thereby
preventing loss of urine (Fig. 8.17). This de-
trusor sphincter externus dyssynergia leads to
incomplete voiding and to backflow into the
ureters when relatively high pressure is devel-
oped within the bladder. There is resting vol-
ume, and patients often suffer from urge in-
continence. This diagnosis is of practical
importance because of infectious complications
and because ill-considered anticholinergic med-
ication for incontinence may aggravate the situ-
ation. A pure internus dyssynergia may often
be controlled by a-blockers. The treatment of
externus dyssynergia is more difficult. Often
self-catheterization leads to good results if the
patient is capable of doing this. In male pa-
tients, surgical sphincterotomy may be per-
formed as, although incontinence may be wor-
sened postoperatively, urine can be collected in
condom urinals (see Chapter 13).

It is important to consider the discomfort for
the patient during the examination. Gross er-
rors of assessment may result if a relaxed atmo-

sphere is not created, and this requires skill on
the part of the examiner. In the artificial situa-
tion in the laboratory, there is often a tendency
to activate the external sphincter more mark-
edly because of an unconscious reluctance to
urinate when an examiner is present. This may
lead to a false impression of detrusor sphincter
dyssynergia. If asked to urinate, patients often
use abdominal pressure, even though under
normal conditions they would not do so. Thus
the external sphincter is activated producing an
erroneous result. Any impression of hurrying
the patient should therefore be avoided, and
the best position for the patient should be
sought in order to make "normal micturition"
possible. Only then can conclusive assessment
of sphincter function be obtained.

MAGNETIC RESONANCE IMAGING
by J. Kesselring

Introduction

Magnetic resonance imaging is very sensitive
for detecting lesions in the brains of MS pa-
tients. In the first study reported on the appli-
cation of this technique in MS diagnosis (Young
et al. 1981), 10 patients were examined, in 8 of
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whom diagnosis was clinically definite, and
probable in 2. In these patients, 19 lesions could
be detected on computer tomography (with
and without contrast medium), all of which
were also detected on MRI, as were 112 addi-
tional lesions. Since then, this method of inves-
tigation has become established in the diag-
nosis of diseases of the CNS, and in particular
of the white matter, and of malformation in
adults as well as in children. For detecting le-
sions in MS it is superior to all other auxiliary
investigations (Sheldon et al. 1985; Ormerod et
al. 1986; 1987; Jacobs et al. 1986; Kesselring et
al. 1989a; Miller et al., 1996). Computer tomog-
raphy may still play a role in differential diag-
nosis where MRI is not readily available.

The basic principle of MRI is to bring the part
of the body to be examined into a strong mag-
netic field. Nuclei with an odd number of pro-
tons build up a small magnetic moment due to
their electric charge. The vectors of these small
magnetic fields are distributed randomly at rest
and produce a spin in a strong external mag-
netic field. The vectors of these spins line up in
parallel to the external magnetic field and may
be deflected from this arrangement by an addi-
tional electromagnetic impulse, thereby pro-
ducing a precession motion which can be de-
tected as an electromagnetic signal in the region
of radio frequency. Similarly, a top spinning
around its own axis which is deflected from this
"resting motion" begins to rotate (precession).
The relaxation of the nuclei which had been de-
flected out of the parallel arrangement by the
electromagnetic impulse is exponential, and is
characterized by two time constants, Tt and T2.

For imaging, hydrogen nuclei are normally
examined because they are present in every tis-
sue in abundance and because they produce a
high MR signal.

Longitudinal relaxation time (Ti) is a measure
of energy which is exchanged between the spin
and its environment as it returns to the resting
state (spin lattice relaxation time). Tj may also
be defined as the time after which 62% of the
energy is exchanged. Body fluids and water in
particular have long Ti values because the
chance of exchanging energy with the sur-
roundings is smaller in such a homogeneous
medium. In tissues with more compact and
complex structures, it is much more probable
that hydrogen nuclei exchange energy with
their surroundings; therefore the Tj relaxation
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time in such tissues is shorter. Ti values, there-
fore, are quite tissue specific and give an indica-
tion of the water content. The fact that the ex-
change of energy between hydrogen nuclei and
their surroundings occurs exponentially is
made use of by examining tissue at certain time
points after the application of the electromag-
netic impulse. Shortly after the impulse, during
the steep slope of the exponentially ascending
curve, tissues with short Tj values give a high
signal (bright), whereas regions magnetizing
slowly appear dark (Ti-weighted images).

Because molecules in a tissue contain small
magnetic fields themselves, they determine the
strength by which the magnetic field applied
from outside may influence the rotating hydro-
gen nuclei. Precession frequencies therefore
vary accordingly. Spins turn increasingly out of
phase after the radio-frequency impulse due to
this interaction (transverse or spin-spin relax-
ation time), thereby decreasing the signal emit-
ted. This decrease of signal is again exponen-
tial, and is characterized by the time constant T2.
T2 is always shorter than Tj because the ex-
change of energy between hydrogen nuclei and
their surroundings (Tj) contributes to the de-
crease of the signal emitted. In compound sub-
stances, T2 is much shorter than Ti; they are of
similar duration in homogeneous fluids.

The magnetic resonance signal emitted is
quantified in MRI as gradations of gray. It de-
pends on proton density and on the time con-
stants Ti and T2 in the tissue examined. In nor-
mal brain, T! and T2 values are shorter in the
white matter than in the gray matter; both val-
ues are longer in CSF than in either gray or
white matter.

This short introduction (for further informa-
tion see, for example, Brant-Zawadzki and Nor-
man 1987; Kesselring et al. 1989a; Miller et al.,
1996) may suffice for understanding that mag-
netic resonance images may look very different
according to the pulse frequency chosen and to
the time after the impulse at which the emitted
signal is read. Impulse frequencies are chosen
in order to produce the strongest contrast pos-
sible in the regions of interest. Spin echo (SE)
and inversion recovery (IR) are best established
in the diagnosis of MS because they are able to
depict plaques best. Differences in Ti values,
and therefore of anatomical detail according to
different water content of the tissues, are best
shown by inversion recovery. A spin-echo se-
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quence, on the other hand, better depicts dif-
ferent T2 values: in the case of MS, plaques,
with their higher T2 values, are shown as
brighter areas surrounded by the normal-ap-
pearing white matter which looks darker in
these images.

Magnetic resonance imaging appears to be
without any danger of serious side-effects for
the patient. Routine examination lasts about 20
minutes. Some patients find it claustrophobic
to have to lie still in the narrow tunnel during
examination, and some find the loud noise pro-
duced within the machine distressing. It is rare
that an examination has to be terminated pre-
maturely if patients are well prepared. The cost
of these investigations is still very high.

Sensitivity

Lesions in the brains of MS patients are best
depicted using moderately T2-weighted pulse
sequences, i.e., with a repetition time (TR) of
2000 ms, and an echo time (TE) of 60 to 80 ms.
The new technique of MRI - fast spin echo -
appears to be equally sensitive in lesion detec-
tion. It is to be expected that fast spin echo will
supplant spin echo as the preferred sequence in
MS. For patients undergoing repeated imaging,
especially in treatment trials, it will save time
and thus costs considerably (Miller et al., 1996).
Over the last 10 years, hundreds of patients
with clinically definite MS (according to the
Poser criteria, see p. 88) have been examined by
the NMR research group at the National Hospi-
tal, Queen Square, London, first with a
magnetic resonance imager with a field strength
of 0.5 Tesla (Ormerod et al. 1987; Miller et al.
1988; Kesselring et al. 1989b), and during the
last 3 years with a field strength of 1.5 Tesla
(Miller et al. 1996). Lesions in the white matter
have been detected with a sensitivity of more
than 90%. A normal magnetic resonance exam-
ination therefore does not exclude the clinical
diagnosis of definite MS. In 98% of patients, le-
sions were located immediately adjacent to the
ventricles; in 92.5%, lesions were also found
away from the ventricles.

The anatomical distribution of the lesions is
given in Table 8.2.

Lesions are less well depicted within the cor-
tex because the cortex gives a higher signal than
the adjacent white matter at the frequencies
used.
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Table 8.2 Distribution of MRI lesions in the white
matter of 200 patients with clinically definite MS (%).

Periventricular
Cella media
Trigonum
Posterior horn
Inferior horn
Anterior horn
Isolated lesions in white matter
Cortico-medullary junction
Internal capsule
Cortex
Basal ganglia
Brainstem
Pons
Mesencephalon
Medulla oblongata
Fourth ventricle
Cerebellum

98
97
86
75
66
59
93
65
42
13
8

66
52
36
36
53
57

Kesselring et al. (1989a).

The characteristic magnetic resonance image
in MS patients consists of multifocal irregular
lesions within the white matter, particularly at
the border of the lateral ventricles and in the
region of the cella media (Fig. 8.18).

Most of the lesions visible on the magnetic
resonance image are clinically silent, as appar-
ent from clinicopathological comparative exam-
inations. It is often possible, however, to detect
isolated lesions on MRI, the localizations of
which precisely account for clinical symptoms.
Thus correlations between clinical picture and
pathological changes may be detected to a degree
that is not achieved by any other method (Kes-
selring et al. 1989b; Miller et al., 1996, Fig. 8.19).

By comparing magnetic resonance images
with postmortem preparations, it may be
proven that lesions of increased signal intensity
on MRI correspond exactly to histologically de-
fined MS plaques. It is not absolutely certain
whether the increased water content in the le-
sions or the glia reaction is responsible for this.

Ringlike appearances in plaques are inter-
preted as due to the presence of paramagnetic
free radicals in the macrophage layer forming
the margin of acute plaques (Powell et al. 1992).

Specificity

Multifocal periventricular lesions in the white
matter which cannot be distinguished from
those seen in MS may be detected in cerebro-



108 /. Kesselring

Fig. 8.18. Brain MRI of a patient with clinically definite
MS (spin-echo sequence (SE): repetition time (TR) 2000
ms; echo time (TE) 60 ms). There are multiple lesions in
the white matter, particularly along the lateral ventri-
cles, as well as some discrete isolated lesions. The ar-

rows point to a crescent-shaped subcortical lesion
which is rarely seen outside the context of MS. (a) Axial
"T1 weighted" (TR 2000; TE 60). (b) Axial "T2 weighted"
(TR 2000; TE 120). (c) Sagittal (TR 2000; TE 60).

vascular disease (which, however, only rarely
poses differential diagnostic problems), as well
as in acute disseminated encephalomyelitis, in
neurosarcoidosis, cerebral lupus, Behget syn-
drome, and in tropical spastic paraparesis
caused by HTLV-I. In all these conditions,

which have to be differentiated from MS, le-
sions are rather less marked and their margins
are quite smooth. In some cases, however, defi-
nite differentiation is not possible. In cerebral
lupus, focal ischemic lesions may be seen on
MRI; in neurosarcoidosis, there may be hydro-
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Fig. 8.19. Plaques in the posterior column of an MS pa-
tient with a syndrome of the "deafferented hand of Op-

cephalus or space occupying granulomata; and
in Behcet syndrome, lesions in the brainstem
region predominate. The evaluation of changes
is complicated by the fact that similar lesions
may be found in healthy people with increasing
age. In controls who consider themselves to be
healthy, unequivocal lesions in the white mat-
ter of the brain are found below the age of 50
years in 2%, below the age of 60 years in 24%,
in the decade up to 70 years in 50%, and in all
cases examined above the age of 70 years (Kes-
selring et al. 1989b). However, as long as the
age and gender of the person examined are
known, the danger of misinterpretation of peri-
ventricular hyperintensities on MRI is small
(Yetkin et al. 1991).

Specificity may be significantly improved by
accepting only a combination of at least three
areas of increased signal and two of the follow-
ing features, known as Fazekas' criteria: abut-
ting body of lateral ventricles, infratentorial le-
sion location, and size greater than 5 mm
(Offenbacher et al. 1993).

We have only seen crescent-shaped subcorti-
cal lesions (see Fig. 8.18) and multiple lesions in
the cervical spinal cord in patients with definite

penheim" and unilaterally pathologically prolonged la-
tencies in SEP.

MS (Fig. 8.20). Lesions in the corpus callosum,
which are best depicted in sagittal sections with
long repetition time and short echo time, ap-
pear to be particularly characteristic for MS, oc-
curring in 93% of MS cases but only in 2.3% of
control patients with other neurological dis-
eases (Gean Marton et al. 1991).

For the diagnosis of MS, it is important to de-
termine the age of the lesions visible on MRI.
This is not possible with the naked eye, nor by
measuring Ti and T2 relaxation times (Ormerod
et al. 1987). Paramagnetic substances such as
gadolinium DTPA play an important role in this
respect. They change relaxation times within
the tissue examined considerably, thereby im-
proving contrast. The appearance of such an in-
travenously applied substance on the cerebral
MRI indicates permeability of the blood-brain
barrier (Fig. 8.21). Such contrast enhancement
is found in most recent plaques in MS, whereas
4 to 6 weeks later it can no longer be detected
(Miller et al. 1988a). Individual cases of MS
have been reported in which enhancement was
demonstrated in regions where no change
could be observed on the unenhanced scan.
Only 2 weeks later at the same site, a much
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Fig. 8.20. MRI of the cervical spinal cord in a patient
with clinically definite MS (TR 1500; TE 80; surface
coil).

larger lesion was seen in an unenhanced T2-
weighted image (Kermode et al. 1990). This ob-
servation is important for the understanding of
pathogenesis (see Chapter 5). It proves that
opening of the blood-brain barrier is a prereq-
uisite for the development of new plaques. Fac-
tors from the blood may penetrate into the CNS
during this period of time. Disease activity as
manifested by number, dimension, and age of
the lesions may be followed by this method of
serial examination with paramagnetic contrast
agents (McFarland et al. 1992; Smith et al.
1993). A significant association can be demon-
strated between periods of clinical worsening
and MRI parameters including increases in total
number, number of new lesions, and the total
area of enhancement. Serial MRI with contrast
enhancement contributes to a better under-
standing of pathogenesis (McDonald et al.
1992), and is a useful and reliable tool for eval-
uating therapeutic regimens (Gonzalez-Scarano
et al. 1987; Willoughby et al. 1989; Miller et al.
1991; Barkhof et al. 1992). New lesions as de-
tected by serial magnetic resonance examina-
tions at 2-weekly intervals enlarge over 4 weeks

Fig. 8.21. Brain MRI of a patient with clinically definite
MS. "Inversion recovery" after gadolininm-DPTA intra-
venously: single lesions enhance (bright), others do not
(dark).

to their maximum dimension, and then shrink
to a small signal change which cannot be distin-
guished from those seen in chronic lesions. The
observation that new clinically asymptomatic
lesions are detected so frequently on MRI
points to the fact that the disease process, even
with discrete clinical symptoms and signs, is
much more active than was previously sup-
posed. Therefore, serial MRI is extremely im-
portant for determining disease activity, and
particularly for assessing therapeutic efficacy
(Miller et al. 1991). Benign forms of MS are de-
fined as cases with a score of less than three on
the expanded disability status scale (EDSS,
Kurtzke 1983a) 10 years after disease onset.
They may be distinguished from chronic pro-
gressive forms on MRI by a smaller total area of
the lesions and a more discrete tendency for
confluence, and particularly by the fact that
more clinically silent lesions are visible in be-
nign forms. Chronic forms of MS differ consid-
erably on serial MRI depending on whether
they are primary or secondary progressive (sec-
ondary progressive cases are those in which re-
lapses and remissions were present earlier in
the disease course). In patients with secondary
progressive MS, a mean of 18.2 new lesions per
year have been found, 87% of which showed
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contrast enhancement. In the same number of
patients with primary progressive MS observed
over the same period of time, only 3.3 new le-
sions were detected, none of which was en-
hancing (A. J. Thompson et al. 1991). This
study suggests that primary and secondary
progressive forms of MS may be pathoge-
netically heterogeneous.

The future will show whether other tech-
niques of magnetic resonance, such as mag-
netic resonance spectroscopy to detect different
spectra within lesions of different ages (Arnold
et al. 1990; Grossmann et al. 1992), or so-called
lipid images for detecting myelin breakdown
products (Hawkins et al. 1991), will allow for
the more precise determination of the age of le-
sions and thus the activity of the disease.

A most important improvement in MR tech-
nology, as used in MS, is the examination of the
spinal cord using multiarray coils and fast spin
echo (Thorpe et al. 1993; Kidd et al. 1993). High
resolution T2-weighted sagittal images of the
whole spinal cord may be obtained in about 5
minutes by this technique. Magnetic resonance
imaging signal abnormalities within the spinal
cord appear to be more specific for MS than ce-
rebral white matter lesions, especially in sub-
jects over 50 years old.

Without any doubt, MRI has facilitated the
diagnosis of MS considerably, and has pro-
vided new insight into the pathogenesis of the
disease (McDonald 1992; McDonald et al. 1992).

Magnetic resonance imaging in optic
neuropathies and clinically isolated
brainstem and spinal cord syndromes

The high magnetic resonance signal produced
normally by fat tissue may be suppressed by
using special sequences and specially adapted
surface coils which focus the outer magnetic
field onto the region of interest. For depicting
the orbit and its contents, STIR sequence (in-
version recovery with short inversion time)
with surface coils has been developed. Isolated
lesions within the optic nerve may be detected
by this technique in over 80% of patients with
acute or chronic optic neuritis (Miller et al. 1986;
1988b). Visual evoked potentials are more sen-
sitive in this respect (see p. 93), but on MRI oth-
er pathological processes may be demonstrated
which may lead to visual loss and delayed la-
tency VEPs. Concerning recovery of visual acu-
ity, prognosis of optic neuritis depends on the

111

length and localization of the lesion as visible
on MRI: prognosis is worse for longer and in-
tracanalicular lesions. Prognosis as to dissem-
ination of the disease process cannot be deter-
mined by this anatomical detail (Youl et al.
1991).

In terms of diagnosis, and in particular prog-
nosis, it is of interest to note that 60% to 70% of
cases show lesions on MRI of the brain within
the first few weeks after clinically isolated optic
neuritis (Ormerod et al. 1987; Miller et al.
1988b). This method is far superior to all others
for detecting separated lesions. The detection
of these lesions in this way indicates a worse
prognosis as far as further dissemination of the
disease process is concerned. In serial examina-
tions after 1 year, new lesions are found in over
50% of patients whose brain MRIs were abnor-
mal at the time of the acute optic neuritis. Of
course, not all of these lesions manifest them-
selves clinically. At follow-up after 5 years,
progression to clinically definite MS occurs in
over 60% of cases with an abnormal MRI at pre-
sentation, and only in about 3% of patients for
whom initial brain MRI was normal (Morrissey
et al. 1993).

Similar problems concerning diagnosis, dif-
ferential diagnosis, and prognosis occur in iso-
lated brainstem and spinal cord syndromes
which also may be a first manifestation of MS.
Multiple sclerosis lesions may be detected on
MRI in the region of the brainstem and cervical
spinal cord using special sequences, partic-
ularly T2-weighted images with corresponding
adapted surface coils (Thorpe et al. 1993; Kidd
et al. 1993). It is of particular importance to de-
tect lesions which are amenable to surgical ther-
apy and which may produce a clinical picture
similar to that of MS.

Changes described on MRI of the brain may
be demonstrated at the time of first examina-
tion in one third of acute isolated spinal cord
syndromes, in two thirds of chronic spinal cord
syndromes, and in three quarters of cases with
isolated brainstem syndromes.

CEREBROSPINAL FLUID

Production of immunoglobulins within inflam-
matory plaques in the CNS is part of the clinical
picture of MS (see Chapters 2 and 3). Because
these plaques are in contact with spaces filled
with CSF, the examination of CSF provides in-
formation as to the amount and the qualitative
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composition of newly formed proteins. Instead
of evaluating single findings of CSF examina-
tion, each requiring its own differential diag-
nosis, it is more useful to determine a CSF pro-
file from the examinations of a large number of
clinically definite MS cases or cases verified at
post mortem. When the CSF profile as derived
from definite cases is inconclusive in a single
case, it has to be checked in long-term studies.
Only in such cases are paraclinical investiga-
tions important for confirming the diagnosis or
for indicating the prognosis.

The following parameters in CSF are best es-
tablished by laboratory investigations support-
ing the clinical diagnosis of MS: oligoclonal
bands of IgG, daily synthesis rate of IgG inside
the blood-brain barrier, and dimensionless
quotients which compare levels of albumin and
IgG in serum and CSF. A slight pleocytosis, a
change in the permeability of the blood-brain
barrier, and the detection of myelin breakdown
products such as MBP, do not differentiate
clearly enough between MS cases and non-MS
cases.

The combination of these elements of the
CSF profile increases the predictability for MS
to over 95% (Tourtellotte and Walsh 1984; Ebers
1984).

Cerebrospinal fluid profile in multiple
sclerosis (Tourtellotte and Walsh 1984)

1. Appearance: clear and colorless.
2. Pressure: normal (<20 cmH2O).
3. Number of cells: normal in two thirds of

cases (<50 cells/mm3).
4. Albumin: normal (<55 g/1) in 77%; (<65 g/1

in 99%).
5. CSF IgG index {[IgGL/albumins]}: >0.7 in

90% (normal <0.66). (L = CSF; S = serum).
6. Oligoclonal IgG (IEF, immune fixation, sil-

ver staining): present in >90%.
7. IgG de novo synthesis per day (normal 3 mg/

day): increased in 90%.
8. MBP in CSF: increased (depending on time

of relapses) in 50% to 70%.

Comment

1. CSF in transverse myelitis may rarely be
yellowish and opaque (Froin syndrome).

2. CSF pressure is almost always normal in
MS except in transverse myelitis. It may be
slightly increased during acute exacerbations.

I. Kesselring

3. More than 50 cells/mm3 should raise
doubts as to the diagnosis of MS. The cell num-
ber does not change significantly over the
course of the disease.

4. An albumin concentration greater than 65
g/1 in the CSF should raise doubts as to the di-
agnosis. Albumin within CSF is produced by
capillaries in the choroid plexus and may be
used as an indication of integrity of the blood-
brain barrier. This is often slightly disturbed in
the neighborhood of recent plaques.

5. A simple formula of the rate of intra-
thecally synthesized IgG and the integrity of
the blood-brain barrier (Ganrot and Laurell
1974) is taken into consideration in the IgG in-
dex by comparing concentrations of IgG and al-
bumin in CSF and serum respectively. Instead
of giving a normal value (usually 0.66-0.7),
which is exceeded in more than 90% of patients
with clinically definite MS, this index may also
be used for indicating diagnostic probability:
the population with numerous diagnoses other
than MS (n = 373) had significantly lower index
values than the population with clinically defi-
nite MS (n = 93). Because of the overlap of both
groups, it appears to be more sensible to deter-
mine for each value the probability for and
against MS instead of fixing a limit between
normal and pathological. At a value of 0.66, the
probabilities for and against MS are equal. In-
creasing the index by 0.36 increases the risk of
MS by a factor of 10 (Kesselring J and Ketz E,
unpublished data, Fig. 8.22).

6. Oligoclonal bands not present in the serum
may be detected in over 90% of cases with clini-
cally definite MS on IgG electrophoresis of CSF
(Fig. 8.23). These bands correspond to anti-
bodies produced intrathecally by only a few
plasma cell clones. It has only recently become
possible to determine specificity of these anti-
bodies. In single plaques, various oligoclonal
bands may be found which are produced by
various plasma cell clones (Mattson et al. 1980;
Mehta et al. 1982). This fact alone does not
prove that they are "non-sense proteins" due to
an erroneous regulation of the immune system.
Even after experimental immunization with a
single antigen, various antibodies may be
formed which produce heterogeneous oligoclo-
nal bands in serum and CSF. These bands re-
main relatively constant in a patient over the
course of the disease, and they are only slightly
modified or diminished by immunosuppres-
sion.
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Fig. 8.22. Risk quotient (RQ) in relation to immuno-
globulin index. An RQ of 1 means that the risks for and
against MS are equal. With an RQ of 10, it is ten times
more probable that MS is present than another condition
(see text).

Initially, determination of oligoclonal bands
in CSF of patients with clinically definite MS
(see p. 88) was mainly important for establish-
ing the method of isoelectric focusing. Now it is
more important to determine its value in early
and possible MS cases and to know the differ-
ential diagnosis of positive findings. In patients
with monosymptomatic demyelinating lesions,
dissemination of the disease process in those
with oligoclonal bands in CSF more often oc-
curs over a longer period of observation than in
patients with similar lesions without this find-
ing in CSF (Moulin et al. 1983). This is also true
for isolated optic neuritis (see Chapter 7).

Oligoclonal bands are present in 80% of the
rare cases (less than 10%) in which MS begins
after the age of 50 years and may not be diag-
nosed with established criteria (Poser et al.
1983; 1984) as it becomes manifest as chronic
progressive myelopathy. Their presence sup-
ports the laboratory diagnosis of probable MS
(Noseworthy et al. 1983; see p. 88).

False-positive findings of oligoclonal bands
in CSF occur in less than 10% of neurological
diseases other than MS. The clinical differential
diagnosis presents no difficulty in more than
half of these cases. Differentiation from MS

Fig. 8.23. Cerebrospinal fluid (L) and serum (S) electro-
phoresis in a patient with MS (left, 84/26) and in a pa-
tient with a disturbance of the blood-brain barrier (right,
84/68). Oligoclonal bands are visible only in the CSF of
the patient with MS, whereas identical bands are visible
in CSF as well as in the serum from the other patient.
(With kind permission of the late Professor Claus Meier,
Bern.)

may be difficult in cases which are also accom-
panied by intrathecal immune reaction, such as
viral meningitis and encephalitis, myelitis, para-
neoplastic syndromes, sarcoidosis, lupus erythe-
matosus, etc. (Ebers 1984; see also Chapter 11).

Apart from agar gel and polyacrylamide elec-
trophoresis available in most laboratories in
which CSF is examined, isoelectric focusing is
more sensitive for detecting oligoclonal bands.
Protein fractions of limited heterogeneity are
particularly efficiently analyzed. This is there-
fore the technique of choice for searching for
oligoclonal bands in CSF of MS patients (Walsh
and Tourtellotte 1983; Ebers 1984; Tourtellotte
and Walsh 1984).

Two-dimensional electrophoresis of CSF
(Wiederkehr et al. 1986) is a promising new de-
velopment of the method which is still very ex-
pensive but which allows more detailed analy-
sis of CSF proteins occurring in MS.
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7. Determination of IgG de novo synthesis
within the blood-brain barrier (intrathecal)
each day brings no significant diagnostic ad-
vantage compared to isoelectric focusing or the
much easier determination of IgG index.

8. Myelin basic protein in CSF indicates the
degree of demyelination within the CNS. It is
found in over 80% of MS patients in close tem-
poral relationship to a clinical exacerbation, and
its concentration is said to parallel the severity
of clinical symptoms (Thompson et al. 1985).
Patients in whom MBP remains detectable dur-
ing remission after an exacerbation (a quarter of
cases) are at much greater risk of developing a
new exacerbation than those in whom MBP
was no longer detectable during remission.

Antibodies against antigens of neurogenic vi-
ruses such as measles, rubella, and herpes zoster
are found in the CSF of 80% of MS patients (Fel-
genhauer et al. 1985). Their detection may be use-
ful in differential diagnosis as they are not pres-
ent in some other inflammatory CNS diseases.

Free light chains of immunoglobulins pro-
duced by separate cell clones may be found in
CSF of MS patients. They do not appear in oth-
er neurological diseases, and their pathogenetic
significance is not clear (Rudick et al. 1986).

The observation that terminal components of
complement (C9) are significantly more often
found to be low in the CSF of MS patients com-
pared to patients with other neurological dis-
eases (Morgan et al. 1984) is of particular inter-
est. The quotient formed from analogy of this
protein with the IgG index allows a clearer dif-
ferentiation between patients with MS and
those with other neurological diseases. The in-
terest of this observation stems not only from
its diagnostic usefulness, but also from its pos-
sible implications for a better understanding of
pathogenesis. A reduction in the main compo-
nent of complement in CSF of MS patients
could indicate that it had been consumed dur-
ing the formation of immune complexes against
myelin sheaths within the CNS.

Examination of haptoglobin polymers in CSF
which are mainly produced in the liver and not
in the CNS is of importance for detecting dis-
turbances of the blood-brain barrier (Takeoka
et al. 1983). It may be shown thereby that the
blood-brain barrier is often disturbed in MS pa-
tients (in approximately 50% of cases with re-
cent plaques), as had been assumed by compar-
ing serum and CSF concentrations of other
proteins (see also Chapter 5).

/. Kesselring

Antibodies against a soluble cerebellar lectin
(CSL) are reported to be found regularly (in
93.5% of cases) in MS and in less than 10% of
controls below the age of 60 years (Zanetta et al.
1990). This finding would seem to be a charac-
teristic of the disease which could be used diag-
nostically. However, it should first be con-
firmed in other laboratories. The CSL molecules
form bridges between glycoprotein glycanes on
the surface of myelin-forming cells in the pe-
ripheral and central nervous systems, and play
an important role during normal myelination.
Antibodies directed against CSL could be in-
volved in demyelination.

Tumor necrosis factor alpha, so-called ka-
chectin, appears to be a parameter of CSF
which allows for the reliable differentiation be-
tween chronic progressive and stable MS (Sha-
rief and Hentges 1991). This factor was found in
other investigations to be an indicator for trig-
gering exacerbations (Chofflon et al. 1992).

DISCUSSING THE DIAGNOSIS

There is no single opinion among physicians as
to whether, when, and how patients should be
told the diagnosis of MS. Those physicians who
do not reveal the diagnosis - "Certainly it is not
a brain tumor," "a sort of inflammation in the
spinal cord," "Probably only a virus" - fail to do
so in an attempt to avoid the anxiety and de-
pression which follow the disclosure of the di-
agnosis of a chronic disease with an unpredict-
able course. Certainly, in such cases the fear of
being unable to influence the course of the dis-
ease with an effective therapy may play a role.
Also, many of these physicians know that the
first reaction of a patient who is told the diag-
nosis may be to reproach the physician. Pa-
tients are often unable clearly to formulate their
questions concerning the disease, particularly
during its early phases. This may be interpreted
by physicians as the patients' wish not to be
informed more precisely. However, it is under-
standable that questions are imprecise, or are
not asked at all, in the psychologically difficult
situation which is produced when patients, fol-
lowing not particularly pleasant examinations,
are confronted with a medical expert who gives
them the diagnosis of an incurable disease, or
when they are exposed on a medical ward to
other patients or to a crowd of more or less in-
volved physicians and students. However, it
would be completely wrong to deduce from
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these experiences that patients do not want to
know their diagnosis.

Convincing studies concerning this subject
have been published (Gorman et al. 1984; Elian
and Dean 1985). Patients with MS were asked
about the time and the way in which they were
told of their diagnosis. Less than 4% thought
that they would not want to know the diag-
nosis, "because it does not matter anyway";
13% gave no opinion. The overwhelming ma-
jority (83% of 167 people questioned) declared
that the only acceptable way was for the physi-
cian concerned - "at best a competent neurolo-
gist" - to explain the diagnosis clearly as soon
as it had been established: "The earlier the diag-
nosis is known, the better one can cope with
the disease." Several declared in retrospect that
they would have planned some things in their
lives differently if they had known the diag-
nosis earlier. Others had not dared to ask for
social support: "because a 'transient inflamma-
tion of the nerves' would not be a sufficient jus-
tification for that." For many patients, it is also
important to know the correct name of their
disease in order to explain themselves to rela-
tives and other people who suspect "idleness,
drunkenness or mental disease." Most patients
who thought that the diagnosis should be
openly told were of the opinion that everybody
has the right to know "what is going on with
them."

If physicians have asked themselves "Can
the patient afford to know the diagnosis?", they
have to ask themselves in the light of the pa-
tients' opinions, "Can the patient afford not to
know the diagnosis?" (Elian and Dean 1985).

It is not good enough for patients if the diag-
nosis is concealed or if they discover it by
chance. If the diagnosis is established according
to the criteria and auxiliary examinations de-
scribed in this chapter, patients should be told
of it by their physician in charge, preferably in
the presence of a close relative or partner. The
presence of other medical personnel at this mo-
ment is not desired by most patients (Gorman
et al. 1984). It is not a satisfactory solution to tell
the diagnosis to relatives and to conceal it from
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the person affected. It is an injustice to the lat-
ter, and too heavy a burden for the former.
Enough time has to be set aside to answer the
questions of patients and their relatives. It is of-
ten appropriate to organize a short hospital stay
for this reason, to talk about the diagnosis and
its consequences as much as necessary.

Undoubtedly, the process of adaptation to a
disease such as MS will require much more
time than is available even during a hospital
stay. It is a long endeavor which, as with all
adaptation processes after a loss, passes
through different stages. In the case of MS, the
loss of certain capabilities and future possi-
bilities requires adaptation. The patient will go
through stages of denial, anger, and resistance,
possibly to final acceptance. It is important dur-
ing this long process that the affected person
can trust a physician who is prepared to sup-
port him or her. The physician's most impor-
tant task only begins after the diagnosis has
been revealed. In the time following this, and
repeated discussion about its consequences on
the life of the affected person, the basis of the
future relationship between the physician and
the patient is established.

If early symptoms are present which may be
indications of MS but which do not allow for a
definite diagnosis, for example optic neuritis or
isolated spinal cord syndrome, the patient
should be informed about the findings, but the
differential diagnostic considerations should
only be mentioned if asked about specifically.
If, however, the diagnosis is established, there
is no reason not to reveal it. However, it is par-
ticularly important that in the first discussions
about the disease, not only is the diagnosis con-
sidered as a label, but a realistic picture of the
disease be drawn which includes discussions of
prognostically benign forms. These tend to be
less extensively described in the medical litera-
ture and the lay press, which are likely to be
consulted immediately by the affected person.

Not knowing the whole truth about this dis-
ease, and therefore being unable to tell it to the
patient, our attitudes and actions should be
guided by veracity.
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Studies of the natural disease course of MS are
decisively dependent on the reliability of the di-
agnosis. Until 1983 (Poser et al. 1983; 1984), di-
agnosis was almost exclusively based on clinical
criteria (Schumacher et al. 1965; McDonald and
Halliday 1977; see also Chapter 8). In most ear-
lier investigations into the course of the dis-
ease, diagnostic criteria were used which prob-
ably contained several sources of error when
compared to pathological data. The quality of
the conclusions drawn from earlier studies is
limited by the inability to detect the early stages
of the disease and to plan a true prospective
investigation. Furthermore, it is unavoidable
that individual cases cannot be followed and
documented over a sufficiently long period of
time by an individual observer. Even in partic-
ularly careful studies, errors of documentation
may occur in 10% to 30%. Single studies de-
scribe heterogeneous groups of patients, with
selection bias being introduced deliberately or
due to external factors. Therefore conclusions
drawn from studies of patients with relapsing
remitting disease may not be compared directly
with those from cases verified at post mortem
or with information gained exclusively from
military personnel or sampled in only one cen-
ter. Despite these reservations, some facts con-
cerning MS may be described, at least on a sta-
tistical basis.

It has been known since the first descriptions
of the disease that MS may occur primarily with
relapses and remissions, and may later run a
(secondary) chronic progressive course, or, par-
ticularly when disease onset is in the higher age
group, it may run a primarily progressive
course without single separate exacerbations. It
is therefore necessary to define terms such as
relapse, exacerbation, remission, and progres-
sion, and to suggest how these may be quan-
tified. The terms bout, attack, and episode are
often used synonymously: the definitions of

these terms are particularly important when
they are applied in study protocols comparing
various therapies.

AGE AT DISEASE ONSET

From the clinical standpoint, it is justifiable to
define the onset of the disease as the point at
which it manifests itself in such a way that the
affected person contacts a physician who
makes a "highly probable" diagnosis.

The first symptoms and signs of the disease
most commonly occur in adults between the
20th and 40th years of age, and this was con-
firmed in a study in which 70% of patients de-
veloped the disease during this period of their
lives (Confavreux et al. 1980; Fig. 9.1).

Comparable studies from areas with high
prevalence show the frequency of disease onset
rising steeply during adolescence, culminating
around the 30th year of age (mean 29 to 33
years; Matthews 1991), and decreasing rapidly
in the 4th and 5th decades. In women, the max-
imum frequency of disease onset is reached a
little earlier than in men.

On average in our patients, disease onset
was 32.4 ( + /— 11.0) years. In women, onset
was, at31.6( + / - 11.1) years, significantly (p <
0.005) earlier than in men, at 33.7 ( + / - 10.7)
years. In 10.9% of cases, disease onset occurred
before the age of 20, and in 6.8% after the age of
50.

Age at onset in primary relapsing remitting
forms was 28.8 (H-/-3.3) years; in remitting
progressive (secondary progressive) forms,
37.7 ( + / - 10.4) years; and in primary progres-
sive forms, 40.4 ( + / - 11/3) years. Therefore,
mean age at onset in relapsing remitting forms
is highly significantly below that of secondary
progressive forms, which itself is highly signifi-
cantly below that of the primary progressive
form. In 40% of the cases with disease onset
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Fig. 9.1. Age at onset of disease.

after the 40th year of age, MS runs a chronic
progressive course, whereas this form of the
disease occurs in less than 10% of patients with
disease onset below the age of 40.

In earlier studies, disease onset before the
10th year of age was assumed to occur in up to
10% of cases (Wechsler 1922). However, since
the work of Muller (1951), the proportion has
remained quite constant in all studies at 0.3%.
There is the possibility that in retrospective
studies like these, early symptoms may not be
taken seriously by patients or may not be recog-
nized by a physician who is considering a broad
differential diagnosis. In the literature, convinc-
ing descriptions of individual cases can be
found in which manifestations of the disease
occurred in childhood and adolescence, and for
which observation over a course of many years
showed fulfilment of all the criteria of definite
MS (Brandt et al. 1981; Hauser et al. 1982; Bye et
al. 1985; Bauer and Hanefeld 1993). Female pre-
ponderance in childhood MS is even more
marked than in adult cases (Izquierdo et al.
1985). Symptoms may differ in cases with ear-
lier onset in that neurological deficits originat-
ing in the brainstem, and particularly dizziness
as an initial symptom, occur more frequently.
The diagnosis may be made even in this age
group on the basis of clinical criteria with auxil-
iary paraclinical findings, as in adult forms
(Boutin et al. 1988).

As it is known from pathological studies
made at post mortem that MS may be present
in older people without any disease of the CNS
having been apparent during their lifetime
(Georgi 1961a; Phadke and Best 1983; Gilbert
and Sadler 1983), it is important when counsel-
ling patients that they are made aware of the

117

benign forms of MS. These studies prove that
the process leading to the typical pathological
anatomical changes of the disease does not nec-
essarily become manifest clinically. These fac-
tors indicate that MS may certainly be present
in older people (Noseworthy et al. 1983; Lyon-
Caen et al. 1985; Hooge and Redekop 1992).
The precise frequency of such late cases cannot
be assessed for the reasons mentioned. When
considering reports that more than 10% of first
manifestations occurring above the age of 40
years, or that the disease may start in individu-
al patients at the age of 70 or more, it should
not be forgotten that history taking in older pa-
tients is often not very reliable, and for most of
them a broad differential diagnosis has to be
applied as diagnosis is not always possible on
clinical grounds alone. Even with the most reli-
able auxiliary method of MS diagnosis (MRI),
the differentiation between age-related "nor-
mal" changes and "typical" MS plaques is not
reliable (Ormerod et al. 1987; Miller et al., in
press; see also Chapter 8). Nevertheless, there
is no doubt that cases of definite MS may be-
come manifest for the first time in higher age
groups (Noseworthy et al. 1983; Lyon-Caen et
al. 1985; Hooge and Redekop 1992; Bauer and
Hanefeld 1993), and differential diagnosis of
CNS diseases deserves consideration in older
people, particularly when there are progressive
spastic gait disturbances (see Chapter 11).

RELAPSING REMITTING COURSE

McAlpine's definition of relapse (McAlpine
1972), reported in the new editions of his book
edited by Matthews (1991), is as follows: the oc-
currence of a new symptom, or the recurrence
of a symptom previously present. Symptoms
should be considered to be an expression of a
relapse if they can be explained as due to a new
lesion within the CNS or to reactivation of le-
sions previously present (Poser 1980). Tran-
sient worsening of established deficits lasting
only minutes or hours, such as occur with
changes in temperature, fatigue, or psychologi-
cal stress, should be differentiated. This differ-
entiation is important for clinical assessment,
and a limit of 24 to 48 hours' duration may be
justified (Schumacher et al. 1965; Poser et al.
1984). Situations are well known in which vi-
sual disturbances of only a few hours' duration
were followed by persistent delays of latencies
of VEPs. Despite the only transient symptoms,
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these have to be viewed as an expression of a
newly formed plaque if the activity of the dis-
ease process cannot be objectivated and mea-
sured. Arbitrarily defined assessment criteria,
based on clinical experience, are still appropri-
ate. Clinical manifestations are only accepted as
being due to a new relapse if at least 4 weeks
(Poser et al. 1983) or, more prudently, 6 months
(Ormerod et al. 1987; Kesselring et al. 1990)
have passed since the last relapse (see also
Chapter 8).

Relapse rate

Very variable frequencies of relapses, as de-
fined above, are reported within a given time
period, for example 1 year. These differences,
from 0.2 to 1.15 relapses per year, are not only
due to the various disease forms, but also de-
pend on the investigations applied. In general,
systematic investigations confirm the clinical
impression that relapse rate is highest in the
first 5 years, and particularly in the first year,
after onset of the disease, and decreases spon-
taneously thereafter (Muller 1951; Confavreux
et al. 1980; Matthews 1991). As an example,
Lhermitte et al. (1973) found 0.5 relapses per
year in the first 5 years, and only half of that
number (0.26 per year) in the following 5-year
periods.

Overall, a relapse is a rare event over the
whole course of the disease, and occurs on av-
erage between once per year and once every 4
years (Matthews 1991). Therefore, relapse rate
alone is not an appropriate measure for deter-
mining disease activity or for assessing thera-
peutic effects.

Factors triggering or related to relapses

Considering the significance of a relapse in the
life of the person affected, it is important to ex-
amine the factors triggering relapses. Retro-
spectively, factors may be recognized which
have a close temporal relationship to a relapse.
These are often considered to be causally re-
lated, although they are often events of only
limited importance in normal daily life. Further
studies are needed to clarify the role of trauma
as a possible triggering factor.

Reliable indications may only be derived
from prospective studies (Sibley et al. 1984). I'e-
lapses occur more frequently in spring and
summer months, compared to fall and winter
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months. Although this seasonal difference may
be accepted as a factor (Bamford et al. 1983), it
cannot be explained in terms of a known infec-
tious disease, nor by changes of disease inten-
sity due to temperature according to the defini-
tion of a relapse given above.

Common infections such as influenza or un-
specific diarrhea appear to be rarer in MS pa-
tients compared to controls. If they do occur,
however, they often do so in dose temporal re-
lationship to a relapse (Sibley et al. 1984): nearly
half of the relapses were registered within a pe-
riod of risk (2 weeks before and 5 weeks after
infection), and nearly half of the infections
were followed by relapses. Extrapolated yearly
relapse rate in such risk periods is three times
as high as in periods in which no infectious dis-
eases occur. Therefore, it may be inferred that
even common infections may play a role in trig-
gering MS relapses. Their place in the patho-
genetic chain, however, has not yet been clari-
fied.

Cases in which new relapses of MS occur af-
ter vacdnations often lead to considerable un-
certainty. Although relapses may occur in close
temporal, and probably causal, relationship to
various vaccinations, this appears to be such a
rare event that MS patients should not be ad-
vised against well-indicated vacdnations.

Since fertility is not compromised by MS, fe-
male MS patients carry as many pregnandes as
healthy women (on average 2.04). The course
of MS is influenced by pregnandes in a consis-
tent way (Birk and Rudick 1986): an overview of
studies condudes that during the period of
pregnancy, significantly fewer relapses occur,
and the last trimester, particularly, is a rela-
tively protected period. This fact supports the
assumption of immunopathogenesis of MS
since several immunosuppressing mechanisms
are active during pregnancy (Birk and Rudick
1986). However, during puerperium and the
following months, manifestations of new re-
lapses occur in 20% to 40% of patients. These
do not influence the degree of disability in dis-
ease of long duration in comparison to patients
who have not been pregnant, nor does the
number of pregnandes influence the degree of
disability in the long term (D. S. Thompson et
al. 1986). There is no higher rate of malforma-
tion of children of mothers with MS.

The role of trauma in the development of MS
and as a trigger for relapses was accepted in all
retrospective investigations since, in McAl-
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pine's series of 250 patients (McAlpine 1961),
trauma was recorded in the case histories of
14%, and in only 5% of a control group of equal
size. It may be assumed, however, that trauma
occurring in close temporal relationship to the
appearance of neurological symptoms will be
remembered more easily than, for example,
that occurring before appendicitis (Matthews
1991). More recent controlled and prospective
studies (Bamford et al. 1981; Sibley et al. 1984)
show that traumatic events are not found more
often in the lives of MS patients than in those of
comparable healthy people. Individual cases in
which trauma has occurred in close temporal
relationship to the onset of a relapse will be
found repeatedly, leading to the temptation to
accept a causal relationship. However, this- is
not upheld statistically. The same holds true for
operations and lumbar punctures.

Often, psychological stress is mentioned as a
triggering factor in MS relapses, but it is ques-
tionable whether such a common phenomenon
may be responsible for causing a disease which,
overall, is relatively rare. Differing reports are
found in systematic investigations. In earlier
studies, groups of patients with MS were com-
pared to patients with other organic neurologi-
cal diseases (Pratt 1951) or with healthy people,
and no differences were found with regard to
indications of specific psychological stress.
However, more recent investigations (Warren
et al. 1982; Grant 1986) have found a more fre-
quent occurrence of factors in the life histories
of MS patients which may lead to particular
psychological stress (see Chapter 7).
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plete remission of manifestations of a relapse is
found in half of patients, partial remission in a
quarter, and no remission at all in a further
quarter of cases. If clinical symptoms develop
within 24 hours, complete remission can be ex-
pected to occur within 1 month in at least 70%.

Symptoms present for 2 months remit in 85%
of patients, those present for 3 months in 30%,
and those present for 6 months in only 10%. If
symptoms persist for 2 years, remission cannot
be expected (Kurtzke et al. 1968; 1977; Mat-
thews 1991).

Sequelae of a relapse depend on the speed of
development of clinical manifestations as well
as on the duration and the severity of symp-
toms. Severe short-lasting deficits recover com-
pletely (95%) more often than milder ones
(40%) of the same duration. Severe deficits re-
cover better (29%) than milder ones (12%)
when manifestations are long lasting (Kurtzke
et al. 1968). For the patients, however, an in-
complete recovery of severe deficits may be
more disabling than the persistence of milder
ones. Symptoms due to smaller plaques, such
as optic neuritis, vertigo, double vision, and
deficits of cranial nerve function in general,
show a better tendency for remission. They be-
come rarer with longer disease duration than
do manifestations due to deficits of long tracts,
and particularly of cerebellar function which,
according to general experience (Matthews
1991), remit less completely. Sensory deficits
may last for a long time; as a rule, they are less
disabling because patients may become habitu-
ated. This, however, is not equal to recovery.

Remission

It is more difficult to determine the end of a re-
lapse and the transition to remission than to de-
fine its onset. Individual symptoms may in-
crease in intensity during a phase of the
disease, while others wane or remain the same.
It is therefore impossible to define precisely the
duration of a relapse, and figures ranging from
24 hours to 12 months may be found. As a rule,
in an individual patient, subsequent relapses
last longer than the initial one. A complete re-
mission is reached when all manifestations of
the disease which were observed during the re-
lapse have completely disappeared. Remissions
are often partial.

As a rule of thumb resulting from longer pro-
spective studies (Kurtzke et al. 1968), a com-

PRIMARY AND SECONDARY PROGRESSIVE
COURSES

A primary progressive course of MS in which
no individual relapses may be differentiated is
found more often when disease onset is in the
higher age group (Table 9.1, Confavreux et al.
1980; A. J. Thompson et al. 1991). Progressive
spastic paraparesis (spinal MS) increases stead-
ily over months and years, and may lead to in-
creasing disability and handicap. In such cases,
particular attention has to be paid to diagnostic
differentiation from potentially curable causes
of compression of the spinal cord (see Chapter
11). As with other forms of the disease, lesions
may occur anywhere in the CNS and may lead
to corresponding deficits. In more than half of
the cases of isolated spinal cord syndromes
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Table 9.1 Clinical characteristics of exacerbating
remitting and chronic progressive courses of MS

Frequency (%)
Gender (f: m)
Age at onset (years)
Main initial symp-

toms

Progression index
(Kurtzke scale/
disease dura-
tion, see
Chapter 10)

Primary
exacerbating

remitting

59*
1.9 : 1
28
Visual

disturbances
Sensory

disturbances
0.4

Chronic
progressive

18*
1.3 : 1
40
Gait

disturbances
Pareses

1.2

*23 percent remitting progressive (secondary pro-
gressive), i.e. exacerbating remitting course during at
least ten years and then transition into chronic pro-
gression (gender relationship 1.3 :1).

leading to progressive parapareses in which
spinal cord compression has been excluded,
multiple foci are found on brain MRI at the ini-
tial investigation (Ormerod et al. 1987). It may
therefore be assumed that the majority of iso-
lated chronic progressive spinal cord syn-
dromes without compression are due to MS. It
is much more probable that in isolated spinal
cord syndromes the diagnosis of MS will be
confirmed subsequently if oligoclonal bands are
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found in CSF at initial presentation (Moulin et
al. 1983).

Secondary progressive or remitting progres-
sive MS involves cases in which chronic prog-
ression of symptoms is observed at least 10
years after a pattern of relapses and remissions.
These forms of the disease are found more fre-
quently with longer duration of observation.

It is probable that the principal disease pro-
cess of MS is chronic progressive, and that in
relapses a threshold is crossed which makes
clinical manifestations possible. The regularity
of the basal progressive course may be de-
scribed by mathematic models as linear, para-
bolic, or exponential. Clinical observations of
an individual case may correspond to such
models if continued over a sufficiently long pe-
riod of time. Based on the dynamics of the dis-
ease during the first years in at least three quar-
ters of cases, the further course may be
extrapolated reliably.

FREQUENCY OF VARIOUS COURSES

In our epidemiological investigation of 1016 MS
patients in the Canton Bern, Switzerland (Beer
and Kesselring 1988; 1994), we found charac-
teristics of primary and secondary progressive
courses as described in Table 9.1. Based on ex-
tensive and detailed comparison with the litera-
ture, we consider this study to be representa-
tive.
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Prognosis

LIFE EXPECTANCY

In the older literature on MS, disease duration
from diagnosis to death is regularly reported as
between 13 and 20 years (for overview, see
Matthews 1991). The life expectancy of MS pa-
tients used to be considered to be reduced by 14
to 18 years compared to that of the average
population. According to more recent studies
(Confavreux et al. 1980; Phadke 1987), an aver-
age disease duration of at least 25 to 39 years
may be expected; in a third of cases it is longer
than 30 years. At the turn of the century, only
10 of 200 MS patients lived longer than 20
years, and only 2 of those longer than 30 years
(Bramwell 1917). Nowadays, the average prob-
able lifespan of MS patients 10 years after onset
of the disease may be reduced by approx-
imately 10 years in comparison to the normal
population. Only in patients with disease onset
after the 50th year of life is mean life expectancy
10 years after disease onset reduced, by 44% for
men, and by 22% for women compared to
members of the average population (Phadke
1987).

A good indicator of survival time after dis-
ease onset is the length of the interval between
the first and the next relapse: of patients dying
within 10 years after disease onset, all had had
their second relapse within 2 years after disease
onset, whereas in almost half of the patients
alive 40 years after disease onset, the interval
between the first and second relapse was more
than 10 years (Phadke 1987).

Prognosis concerning the probability of sur-
vival after a certain period of time is determined
most decisively by the actual degree of disabil-
ity (Malmgren et al. 1981; Phadke 1987). The
percentages of patients alive after 10 years are:
94% of those without disability; 80% of those
with discrete disability; 69% of those with mod-
erate disability; and only 28% of those with se-
vere disability.

Brain MRI at presentation in clinically iso-
lated syndromes suggestive of MS is a powerful
predictor of the clinical course over the next 5
years (Morrissey et al. 1993). In clinically iso-
lated syndromes of optic nerves, brainstem, or
spinal cord, progression to MS had occurred in
over 60% of cases with an abnormal initial brain
MRI, and in only 3% of those with a normal
MRI.

CAUSES OF DEATH

Only very rarely is MS the immediate cause of
death, when a plaque in the respiratory center
causes paralysis of respiration. In more than
half the cases, the cause of death is due indi-
rectly to the disease and more directly to bron-
chopneumonia, pyelonephritis, uremia, or sep-
sis (Leibowitz et al. 1969; Allen et al. 1978;
Malmgren et al. 1981; 1983).

PROGNOSIS OF PROGRESSION

For affected people it is important to obtain reli-
able information about the risk of progression
of the disease. For assessing disability we use
(Beer and Kesselring 1988) the EDSS (Kurtzke
1983a; see also Appendix). The scale ranges
from 0.0 to 10.0: a score of 0.0 means no disabil-
ity; 10.0 exitus letalis due to the disease. For the
calculation of progression of the disease, a
progression index (PI) may be formed relating
the Kurtzke scale to disease duration: PI =
Kurtzke score/disease duration (years).

The following limitations have to be consid-
ered.

• No calculation of PI can be made during the
first year of disease in order to avoid very
high indices resulting from very short disease
duration.

• No calculation can be made based on disabil-
ity during a relapse because this would indi-
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Table 10.1 Initial symptoms and progression of MS

Symptoms Progression index

Gait disturbances
Pareses
Vertigo
Sensory disturbances
Sphincter disturbances
Visual disturbances

0.87
0.83
0.82
0.77
0.66
0.50

cate a degree of disability which was tempo-
rarily unrealistically high.

In our large group of MS patients, a mean
progression index of 0.67 was found, i.e., an
average increase by 0.6 points on the Kurtzke
scale per year. By extrapolation, this means that
MS in our patients leads to wheelchair depen-
dency on average after 10 years.

In a large group of MS patients in another
hospital (Confavreux et al. 1980), 50% were am-
bulatory 6 years after disease onset, 25% after
15 years; 10% were severely disabled after 5
years, 25% after 10 years, and 15% after 15
years. In interpreting such figures it has to be
considered that progression in patients from an
epidemiological area is markedly slower and,
on average, 0.2 points below patients examined
in a hospital.

Progression indices differ significantly ac-
cording to age at onset of the disease: with dis-
ease onset before the 30th year of age, PI is
markedly lower (0.59) than with disease onset
after the 40th year of age (0.92). The most rapid
progression is found with disease onset after
the 60th year (1.83). These differences are due
to the fact that, in patients with a higher age at
disease onset, the disease more often follows a
chronic progressive course which itself is pro-
gressing more rapidly (see above).

The initial symptoms only partially facilitate
an estimate of the further course and prognosis
(Table 10.1). A more benign course is to be ex-
pected when the clinical picture is dominated
initially by isolated brainstem symptoms (Phadke
1987), or optic neuropathy (Hutchinson 1976;
Phadke 1987), and when initial symptoms ap-
pear rapidly and remit within 1 month (Kraft et
al. 1981). Cerebellar and pyramidal deficits at
disease onset are prognostically less favorable
(Kraft et al. 1981; Visscher et al. 1984; S. Poser et
al. 1986; Phadke 1987). As to the value of senso-

- - • - - Relapsing remiting
Osease duration (years)

16 IS 20

- Chronic progressive

Fig. 10.1. Progression of MS in relation to disease dura-
tion.

ry deficits as prognostic indicators, reports are
contradictory in that more favorable (Visscher
et al. 1984) and less favorable (Phadke 1987)
prognoses are reported. In the latter, however,
prognosis is probably determined more by pyr-
amidal deficits present together with sensory
dysfunctions.

The progression index depends significantly
on the various disease forms: in our patient
group it was 0.35 in relapsing remitting cases,
0.84 in secondary progressive, and 1.16 in pri-
mary progressive cases. In practical terms,
these figures mean that for patients with prima-
ry relapsing remitting MS, wheelchair depen-
dency is expected after an average of 20 years of
disease duration, whereas patients with a pri-
mary progressive course may be disabled to the
same degree after 6 to 7 years.

Figure 10.1 shows progression indices in rela-
tion to disease duration for relapsing remitting
and chronic progressive forms. Differences
concerning progression are highly significant
during the first 10 years, chronic progressive
forms progressing much more rapidly than re-
lapsing remitting forms. There is no longer any
significant difference after 10 years of disease
duration. Factors influencing the prognosis of
MS in a way which can be assessed by pro-
gression indices may be summarized as shown
in Table 10.2.

With regard to prognosis concerning the de-
gree of future disability, the "5-year rule of
Kurtzke" (Kurtzke et al. 1977) is confirmed re-
peatedly: the degree of disability 5 years after
disease onset corresponds on average to three
quarters of the degree of disability after 10 and
15 years. A benign course within the first 5
years (0 to 2 points on the Kurtzke scale 5 years
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Table 10.2 Factors which influence progression of MS

PK0.6 PI>0.6 Significance

Age at <30 years >30 years p<0.0001
onset

Initial symp- Visual dis- Gait distur- p<0.01
toms turbances bances

Pareses
Visual dis-

turbances
Disease Exacerbating Chronic pro- p<0.001

course remitting gressive

(Beer and Kesselring 1988.) PI, progression index.

after disease onset) indicates that the same will
be found 15 years after disease onset in two
thirds of cases, and in only 1 in 10 will there be
very marked disability (more than 6 points). If,
however, severe disability is present after 5
years, only in exceptional cases can improve-
ment be expected after a further 10 years.

A similarly reliable indicator of the future
prognosis is the presence or absence of cerebel-
lar and pyramidal deficits 5 years after disease
onset. If such deficits are lacking at this time,
minimal disability (score of 0 to 2) will be pres-
ent in 80% of patients after 10 years, in 55% af-
ter 15 years, and in only 6% can severe disabil-
ity be expected after 15 years. On the other
hand, in patients with severe cerebellar and
pyramidal deficits in the first 5 years after dis-
ease onset, severe disability will be present in
90% after 15 years, and no patients will have a
score below 3.

The fact that other members of a patient's
family are affected by MS does not influence
the progression index.

If the prognosis of MS is assessed according
to working capacity after years, there are con-
cordant reports that even after disease duration
of 15 to 20 years, approximately 30% of patients
are still (at least partially) able to work (S. Poser
et al. 1986). Reduction of working capacity is
due to spastic paresis in two thirds of cases, to
incoordination in 40%, and to bladder distur-
bances in one quarter (Bauer and Firnhaber
1963).

A third of MS patients are able to work full
time, and more than two thirds part time 5
years after disease onset. A quarter of affected
people are working full time 10 years after dis-
ease onset, and at least 10% after this. After
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such long periods of observation, the prognos-
tic differences between patients examined in an
epidemiological area on an outpatient basis and
those examined at hospital disappear.

BENIGN COURSES

The extremes of the benign courses of MS com-
prise the cases in which the diagnosis is con-
firmed at postmortem examination without any
signs of disease of the CNS having been pres-
ent during their lifetime (Georgi 1961a; Mackay
and Hirano 1967; Herndon and Rudick 1983;
Gilbert and Sadler 1983; Phadke and Best 1983).

It is not possible to determine exactly how
many cases never become clinically manifest
during life and are diagnosed as MS only at
post mortem. In careful neuropathological in-
vestigations, one case of definite MS without
any clinical signs during life is found in 1000
randomly selected autopsies (Gilbert and
Sadler 1983). Since this frequency corresponds
exactly to the average prevalence rate of clini-
cally diagnosed cases in regions with high dis-
ease risk (see Chapter 4), it is assumed that MS
may remain completely silent in half of the
cases. Furthermore, it may be inferred on the
basis of cases verified at post mortem that 20%
of clinically definite MS cases run a benign
course which does not reduce life expectancy
nor lead to significant disability after decades
(Mackay and Hirano 1967). The increased de-
tection of such benign cases by the newer meth-
ods of investigation (for example, MRI) may be
a reason for the increased prevalence rates
found in more recent epidemiological investiga-
tions.

From a clinical point of view, benign courses
of MS are defined differently. Some authors
consider only those cases with no disability af-
ter 10 years as benign. Thereby a considerable
number of misdiagnoses may be included.

It appears to be more appropriate to define as
benign, cases in which after 10 to 15 years a
score below 2 to 3 on the Kurtzke disability
scale is reached (Kurtzke et al. 1977; A. J.
Thompson et al. 1986). These are the cases in
which social and professional life is only mar-
ginally limited after disease onset (Bonduelle et
al. 1979). McAlpine (1961), with his immense
experience, estimated that a quarter of all MS
cases will have a benign course after 10 years.
Similar figures are reported by Kurtzke et al.
(1977) and Bonduelle et al. (1979), whereas in
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other studies (Riser et al. 1971), 36% and, from
Ireland (A. J. Thompson et al. 1986), even 42%
of cases in a hospital population were reported
to have a benign course. Indicators of signifi-
cant importance for a benign course are early
disease onset, long interval of remission after
the first relapse, and, particularly, the lack of
progression of symptoms. Prognostic indica-
tions may be gained from paraclinical tests only
if values of MBP (see Chapter 8) are not ele-
vated during remission. This indicates a benign
course, whereas VEPs, IgG in CSF, or lympho-
cytes in peripheral blood are not reliable indica-
tors (A. J. Thompson et al. 1986).

Even after many years and decades of a be-
nign course, a rapid progression may occur
(Bonduelle et al. 1979). From a clinical stand-
point, therefore, it does not appear to be justi-
fied to separate benign forms as a single disease
entity out of the whole spectrum of MS (Hern-
don and Rudick 1983).

MALIGNANT COURSES

The rare courses of MS leading to death or se-
vere disability within the first 5 years after dis-
ease onset are called malignant. Cases leading
to death during the first exacerbation due to a
plaque in the region of the respiratory center
are extremely rare (Matthews 1991). Death due
to the disease is not to be expected in more than
5% of patients within the first 5 years after dis-
ease onset; however, severe disability may de-
velop over this period of time in up to 10% of
cases (Confavreux et al. 1980).

In such cases, the disease runs a more rapid
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course from onset, or leads, via relapses, to se-
vere neurological deficits, and, more partic-
ularly, to dysfunction of the long tracts and cer-
ebellum. An unfavorable prognosis is to be
expected, particularly for those cases in whom
deficits of higher mental functions dominate
the clinical picture at the outset (Paty and Poser
1984). It is not known whether such cases result
from the lack of certain protective elements or
from an excessive disposition to causal factors.
Particular care has to be taken with diagnostic
differentiation in such cases (see Chapter 11).

PROGNOSTIC INDICATORS

Prognostic indicators for a more benign and
more favorable course may be summarized as
follows (after Kraft et al. 1981):

• walking capacity,
• minimal pyramidal and cerebellar deficits in

the first 5 years of disease,
• rapid remission of initial symptoms,
• age at onset less than 35 years,
• monosymptomatic onset,
• rapid development of initial symptoms,
• short duration of previous relapse,
• lack of cerebellar deficits at disease onset.

A more recent investigation into prognostic
factors with 25 years of follow-up (Runmarker
and Andersen 1993) found a favorable long-
term prognosis in patients with an acute onset,
low onset age, high degree of remission at first
exacerbation, symptoms of afferent nerve fi-
bers, and onset symptoms from only one re-
gion of the CNS.
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Differential diagnosis

INTRODUCTION

The multitude of symptoms and the variable
course of MS often cause difficulties in its dif-
ferential diagnosis, even for the most experi-
enced clinicians. It is part of the confirmation of
this serious diagnosis to exclude other diseases
whose symptoms may be confused with those
of MS.

The correct diagnosis is based on factors
gleaned from various sources (see Chapter 8):
clinical aspects - indications from the case his-
tory as to onset and course of the symptoms,
findings of clinical examinations, therapeutic
influences, etc.; electrophysiology - delay of la-
tencies in various central tract systems; labora-
tory investigations - changes in CSF and se-
rum; and imaging procedures. Each of these
aspects has to be considered in the differential
diagnosis before being accepted as part of the
diagnosis.

In specialized MS centers (Murray and Mur-
ray 1984; Hemdon and Brooks 1985), misdiag-
nosis of referrals occurs at a rate of 10% to 15%.
It is a particular danger that during the initial
period of observation, a diagnosis which is only
under consideration becomes established and
distracts the attention of the examiner from the
differential diagnostic possibilities. When a di-
agnosis is established, almost all symptoms and
signs should be explained by it, and further as-
pects of the differential diagnosis may be ig-
nored. For this reason it is particularly impor-
tant to reevaluate the established diagnosis at
regular intervals and, in particular, the proba-
ble and possible ones. The most important di-
agnostic parameter in MS is the observation of
the disease course. A misdiagnosis of MS has to
be avoided at all costs, both because this diag-
nosis is always a heavy burden for patients,
and because potentially curable diseases may
be missed. This is particularly true for benign

tumors of the CNS which are sometimes misin-
terpreted as MS (Bauer et al. 1975).

The following clinical parameters are warn-
ing signs of misdiagnosis. Although they may
occur in the context of established cases of MS,
they are so rare that they should act as a warn-
ing of a misdiagnosis and should lead to further
reevaluation of the diagnosis and to further dif-
ferential diagnostic considerations (Herndon
and Brooks 1985; Rudick et al. 1986).

1. All symptoms and clinical signs may be ex-
plained by a single lesion in the posterior
fossa. Tumors and malformations in the pos-
terior fossa give rise to some of the most fre-
quent and most portentious misdiagnoses of
MS.

2. Progressive spinal syndromes, particularly if
occurring in patients below the age of 35
years and without bladder or bowel dys-
function. The effects of steroid therapy may
mimic remissions of symptoms, even in tu-
mors.

3. No ophthalmological disturbances. MS
plaques are so frequent in the visual system
and in the coordination centers of ocular
movements that doubt as to the diagnosis
should arise if they are not present after a
disease course of more than a year.

4. Normal CSF and marked elevation of cell
number or protein. These are so rare in es-
tablished cases that they should give rise to
reconsideration of the diagnosis.

The following groups of diseases have to be
considered in the clinical differential diagnosis
of MS.

• Diseases leading to multiple lesions within
the CNS.

• Diseases of the CNS with a relapsing remit-
ting course.

• Systemic diseases of the CNS.
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• Monotopic CNS lesions with a fluctuating or
progressive course.

• Nonorganic syndromes.

The most important diseases which may be-
come manifest in the ways described above and
their differentiation from MS will be considered
on the following pages.

VASCULITIC SYNDROMES

Systemic lupus erythematosus

Neurological complications were among the
most significant causes of death in lupus before
the introduction of steroid therapy. Since then,
they have become the cause of death in only
20% to 50%. Neurological manifestations of ce-
rebral lupus are manifold and variable (Kaell et
al. 1986). Occurring in a third to three quarters
of cases (Johnson and Richardson 1968; Hughes
1980; Lim et al. 1987; Futrell et al. 1992), they
may be due to direct involvement of the CNS,
or of other organs, or to drugs used to treat
lupus. Psychopathological syndromes and mi-
grainelike headaches are most common. Vari-
ous deficits of cranial nerves, and in particular
disturbances of visual acuity and ocular move-
ments, cerebellar, spinal, and bulbar syn-
dromes (Hutchinson and Bresnihan 1983), al-
low differentiation from MS. They usually
accompany systemic manifestations of the dis-
ease, and may therefore be correctly classified.
Even though, on rarer occasions, neurological
syndromes may dominate the clinical picture
throughout the course, other symptoms of the
disease occur which facilitate the diagnosis.

Since no specific test for the diagnosis of
lupus is available, it has to be based on a num-
ber of clinical and laboratory criteria which in
combination make the diagnosis possible. The
most useful criteria are: female gender, youn-
ger than 40 years at onset, livedo reticularis,
loss of hair, allergies to drugs, high sedimenta-
tion rate, lymphopenia and thrombopenia, an-
tinudear and antimitochondrial antibodies in
serum, elevated serum IgM, biologically false-
positive lues reactions. Cold reactive lympho-
cyte antibodies occur in 80% of lupus patients;
antineuronal antibodies occur in 75% of those
with involvement of the nervous system
(Hughes 1980).

In doubtful cases, a very high number of cells
and an elevated protein content in CSF indicate
vasculitis rather than MS.
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On postmortem examination, perivascular
infiltrations of lymphocytes are found in the
white matter of the brain, in basal ganglia, and
in the spinal cord, often with signs of ischemic
necrosis. Lupus is not a primary demyelinating
disease (Allen et al. 1979).

Primary Sjogren's syndrome

In Sjogren's syndrome, one of the most com-
mon collagen diseases, involvement of the CNS
is said to occur in 20% of cases (Alexander et al.
1986). It may imitate MS in every respect, with
relapsing multifocal deficits, delayed latencies
in evoked potentials, and oligocloncal bands
in CSF. The fact that peripheral neurological
deficits may be detected in 40% of cases of
Sjogren's syndrome with CNS involvement,
and that oligoclonal bands in CSF disappear
with steroid therapy, may be helpful for differ-
entiation. Another basis for differentiation is
the demonstration of the sicca complex (xero-
stomia, xerophthalmia, and relapsing enlarge-
ment of the salivary glands) followed by biopsy
of a salivary gland, or a sural nerve for detec-
tion of accompanying vasculitis. It is not known
whether the long-term prognosis is different
from that for MS.

Primary Sjogren's syndrome occurs in 2 out
of 64 patients, as proven bioptically (Miro et al.
1990), and this may indicate probability by
chance, and is a sign of the problems surround-
ing definitions of disease of unknown etiology
rather than of pathogenetic implications.

Behc.et's syndrome

This syndrome is characterized by recurring
oral and genital ulcers and hypopyon iritis. The
CNS is affected in a third of cases (Morrissey et
al. 1993). Cases occurring with signs of bulbar
palsy, dysarthria, sphincter disturbances, and
hyperreflexia may give rise to difficulties in dif-
ferentiation from MS (Motomura et al. 1980).
More often, the course is slowly progressive,
and recurring forms with year-long remissions
may occur. The greatest difficulties in differen-
tial diagnosis arise, as in lupus, with a combina-
tion of myelopathic syndromes and visual dis-
turbances which may also be due to uveitis. A
clearly elevated sedimentation rate, positive
c-reactive protein, and pleocytosis in CSF may
be arguments in favor of Behest's syndrome.
The differentiation from MS on the basis of ele-
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vated IgA and IgM values in CSF, as has been
recommended, is not reliable.

Granulomatous angiitis of the nervous system

This rare form of vasculitis may lead to remit-
tent, often painful, paraparesis, with confusion
and cerebellar deficits (Rawlinson and Braun
1981). Apart from headache and meningeal irri-
tation, typical lymphocytic pleocytosis and
markedly elevated protein in CSF (more than
100 mg/dl) should be considered for differential
diagnosis. The sedimentation rate is normal.
No changes are found on angiogram since the
disease process mainly involves small veins.
Recurrent multifocal neurological deficits with
pleocytosis, and elevated protein in CSF with-
out systemic manifestations, should give rise to
suspicion of this disease.

Panarteritis nodosa

Even though the CNS is involved, with multi-
ple lesions, over the course of this disease in
more than half the cases, there are fewer prob-
lems of differential diagnostic with regard to
MS than there are with other forms of vas-
culitis. Neurological manifestations usually
only occur late in the disease course, and then
the correct diagnosis is usually made on the ba-
sis of involvement of other organs.

On MRI, vasculitic syndromes may produce
pictures very similar to those seen in MS (Miller
et al. 1987; 1996; Kesselring et al. 1989a). It may
be helpful for differentiation that periventricu-
lar lesions in vasculitis tend to be rather less ex-
tensive than in MS, and that discrete lesions in
the white matter without periventricular
changes are almost unknown in MS (see Chap-
ter 8). Infarcts in the vicinity of major vessels,
and multiple cortical lesions, or focal cortical at-
rophies, favor a vascular basis.

INFLAMMATORY AND GRANULOMATOUS
DISEASES

Sarcoidosis

Apart from isolated facial nerve palsies, in-
volvement of the nervous system in sarcoidosis
is rare, and occurs in less than 5% of cases
(Stern et al. 1985). Intracranial granulomata
present as brain tumors or with symptoms of a
hydrocephalus, and rarely give rise to confu-
sion with MS. Involvement of the basal men-
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inges may lead to progressive visual loss and
optic atrophy. Usually, however, it is accom-
panied by symptoms which rarely occur in MS,
such as diabetes insipidus or occlusion hydro-
cephalus. Diffuse involvement of the meninges
in sarcoidosis may lead to mental disturbances,
to epileptic seizures, and to lesions of the hemi-
spheres and brainstem, and may therefore
need to be differentiated from MS. This again is
facilitated by additional symptoms such as ol-
factory disturbances, facial palsies, deafness,
and progressive visual failure, which are more
common in sarcoidosis than in MS. Remissions
of earlier manifestations occur in both diseases,
particularly with steroid treatment. However,
spontaneous remissions of severe neurological
deficits, which are typical for relapsing remit-
ting forms of MS, are lacking in sarcoidosis.

Sarcoidosis may be the cause of optic neuro-
pathy in various ways, and is therefore part of
the differential diagnosis of MS. Papilledema
may be due to uveitis or to raised intracranial
pressure, as may optic atrophy. The latter may
also be due to direct compression of the optic
nerve by granulomatous involvement. Often,
differentiation from optic neuritis in MS is pos-
sible when examining the eye: sarcoidosis leads
to concentric limitations of the visual fields
rather than to central scotomata, to rather less
marked loss of vision, or to progressive loss of
vision without remission. Almost always in
such cases, signs of systemic disease are found,
such as enlargement of hilar lymph nodes,
erythema nodosum, parotitis, or iritis. When
these aspects of the optic system and the gener-
al situation are considered, differential diag-
nosis should be possible in most cases.

It is more difficult in progressive myelopathic
syndromes. In sarcoidosis, the spinal cord
may be compressed by intradural or extradural
granulomata, or may be interspersed by gran-
ulomatous tissue leading to progressive para-
paresis, which often becomes manifest some-
what abruptly. Examination of CSF and
myelography or spinal MRI may be useful for
differentiation since neurosarcoidosis leads to
elevated cell number and particularly to a per-
sistently high protein content; compressing
granulomata may also be visible on myelogra-
phy or MRI.

Granulomata may be seen on computer to-
mography as hyperdense areas within the par-
enchyma or on the base of the skull. On MRI,
extensive enhancement may be seen in the bas-
al or spinal meninges in addition to granu-
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lomata or signs of hydrocephalus (Miller et al.,
1996).

The following pathological laboratory find-
ings favor a diagnosis of sarcoidosis: hyper-
calcemia, hyperglobulinemia, and particularly
persistently high protein in CSF. The Kveim
test is more often negative than positive in ex-
trathoracal sarcoidosis, and a negative tuber-
culin test is not usually helpful for diagnosis.
Overall, the manifestations of sarcoidosis out-
side the nervous system are particularly useful
in its differentiation from MS.

Borrelia encephalitis

On rare occasions, a progressive encephalopa-
thy with elevated antibody titers against bor-
relia in serum and CSF may give rise to confu-
sion with MS, since the clinical picture may be
almost identical with dysarthria, spastic terra-
paresis, and ataxia (Reik et al. 1985; Masson
1987). In neuroborreliosis, there is always a
markedly elevated protein and an elevated cell
number in CSF. The etiology of CNS disease is
not proven by a positive antibody titer against
borrelia as it may occur in endemic regions in
10% to 20% of the normal population. A causal
relationship should be assumed when various
progressive neurological diseases and IgG as
well as IgM antibodies are detected in serum
and CSF. In these cases, therapy with high-
dose penicillin is indicated. It is certainly not
correct to infer from this that MS is due to spi-
rochetes (Gay and Dick 1986), and the finding
of reactive Lyme serology in an MS patient with
no features suggestive of the infection is unlike-
ly to indicate neurological Lyme disease (Coyle
et al. 1993).

Acute disseminated encephalomyelitis

This clinical syndrome, developing acutely fol-
lowing infectious diseases or following vaccina-
tions, is considered by some authors (Matthews
1991) to be equivalent to the early stages of MS
since fever, headache, and confusion, with
neurological deficits based on multiple lesions
in the brain and spinal cord, are similar in both
diseases. Although both are histologically iden-
tical (Lumsden 1970), their clinical courses are
very different. Acute disseminated encepha-
lomyelitis (ADEM) is monophasic, with a gen-
erally good prognosis when the acute stage is
passed. Sequelae may persist, particularly
when spinal cord and brainstem are signifi-
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cantly involved during the acute stage. In the
acute phase, mortality due to postinfectious en-
cephalomyelitis may reach 20% following mea-
sles and rubella, and 5% following varicella
(Johnson et al. 1985). In adult cases, problems
of differentiation from MS may occur clinically
and on MRI (Kesselring et al. 1990). Considera-
tion of the initial symptoms and of previous in-
fection or vaccination should indicate the right
direction. Cell number in CSF is often more
markedly elevated in ADEM than in MS. Oli-
goclonal bands may occur during the acute
stage, and may, in contrast to MS, disappear.

Acquired immunodeficiency syndrome

Various neurological manifestations which oc-
cur in acquired immunodeficiency syndrome
(AIDS) have to be considered in the differential
diagnosis of MS. This is important because the
nervous system may be affected at various sites
at the same or at different times. Direct involve-
ment of the brain by HIV leads to subacute en-
cephalitis, manifesting as progressive dementia
and focal neurological deficits. In the context of
AIDS, PML, which used to be viewed exclu-
sively as a paraneoplastic syndrome, has be-
come more common, and may be seen in youn-
ger patients at ages of risk for the onset of MS.
In particular, viral myelitis, due to HIV, cyto-
megalovirus, or herpes simplex type II virus,
may give rise to confusion with progressive
myelopathic syndromes. This is particularly so
when disturbances of the eyes (periphlebitis
and chorioretinitis) are present in addition
(neuromyelitis optica). Antibodies against HIV
in serum or CSF make differentiation possible.
Because of the diversity and variability of neu-
rological deficits occurring in the context of
AIDS, and because of the rapid increase in its
frequency, antibodies should be examined at
least as frequently as serology against lues,
which in most neurological clinics still forms
part of routine examination. The person to be
examined has first to be informed of the inten-
tion to examine them, and later of the results.

GENETIC AND METABOLIC DISEASES OF
THE CENTRAL NERVOUS SYSTEM

Spinocerebellar degeneration

In most cases, differentiation between spino-
cerebellar ataxias and MS should be possible on
clinical grounds alone. Onset of the former usu-
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ally occurs in childhood or adolescence, the
course is chronic progressive, the peripheral
nervous system is also often involved, and a
pattern of heredity may be discernible (Harding
1984). There are cases of progressive cerebellar
ataxia with onset in adult life, and particularly
of progressive spastic paraparesis (familial or
sporadic) in which differentiation may be diffi-
cult. Differentiation is often not possible from
electrophysiological findings (Pedersen and
Trojaborg 1981) since the optic nerve may be
involved in degenerative diseases as well. On
MRI of the brain, differences from MS are often
only discrete and unspecific (Ormerod et al.
1987; 1994). Examination of CSF is most reliable
since it is regularly normal in degenerative dis-
eases.

Leukodystrophies

X-chromosomal recessive adrenoleukodystro-
phy (Griffin et al. 1977), and in particular the
variant of adrenomyeloneuropathy (Moser et
al. 1984), may give rise to differential diagnostic
difficulties with MS. There are cases known to
begin only in adulthood, with progressive para-
paresis and minor polyneuropathy (involving
the autonomous system). Cerebellar syn-
dromes, dementia, hemipareses, optic atrophy,
and epileptic seizures have been described in
late cases. Disease of the adrenal glands or
manifestations in the nervous system may of-
ten be detected in the family history. Diagnosis
is facilitated by the adrenocorticotrophic hor-
mone (ACTH) stimulation test, which produces
a decreased plasma cortisol level. Furthermore,
very long-chain fatty acids are typically ele-
vated in serum. Oligoclonal bands of IgG may
occur in CSF. Magnetic resonance imaging may
show diffuse involvement of the white matter.
Metachromatic leukodystrophy may run an
identical course. Over time, however, addition-
al symptoms occur such as deafness, muscular
atrophies, and peripheral neuropathies, which
allow differentiation from MS even in those
rare cases with onset in adulthood. Diagnosis is
based on the detection of heterochromasia in
the urine, leukocytes and fibroblasts, and dimi-
nution of arylsulfatase A in the urine.

Subacute combined degeneration

Subacute combined degeneration of the spinal
cord due to a deficiency of vitamin B12 or folate
is part of the differential diagnosis of chronic
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progressive myelopathic syndromes, which are
not rare in MS, particularly with disease onset
in the higher age group. Signs of an additional
involvement of the peripheral nervous system
are usually found. Indications of previous dis-
eases or operations on the gastrointestinal tract,
and determination of vitamin B12 and folate
levels in serum point in the correct diagnostic
direction. Since MS patients are often given vi-
tamin B12 injections, it.is more appropriate to
perform a vitamin B12 resorption test (Schill-
ing) than just to determine the vitamin B12 lev-
el. Whether vitamin B12 is of pathogenetic rele-
vance in MS in general is still a matter of
dispute (Reynolds 1993).

TUMORS AND MALFORMATIONS

Tumors and malformations in the region of the
posterior fossa, and in particular in the region
of the foramen magnum, may lead to diffi-
culties in the differential diagnosis of MS.
These regions may not always be depicted relia-
bly enough on computertomography. Magnetic
resonance imaging comprises a major advance,
depicting the posterior fossa, cervical spinal
cord, and pathological processes extremely well
(Kesselring et al. 1989a; Miller et al., 1996).

Relapsing myelopathic syndromes may be
due to spinal angiomata or to varicosis spinalis,
which may be detected under certain circum-
stances only by myelography or selective an-
giography. If, in progressive spinal syndromes,
VEPs show delayed latencies, and if oligoclonal
bands are present in CSF, the probability of a
spinal cord compression is so small that my-
elography may be avoided (Kempster et al.
1987).

CERVICAL SPONDYLOSIS

Cervical myelopathy due to spondylosis of the
cervical spine leads to slowly progressive spas-
tic paraparesis or tetraparesis which may not be
differentiated from spinal forms of MS on clini-
cal grounds alone. Patients with cervical my-
elopathy tend to be a little older, oligoclonal
bands in CSF are lacking, and VEPs show nor-
mal latencies. Both diseases are said to occur
simultaneously in some patients (Brain and
Wilkinson 1957; Burgerman et al. 1992). Com-
pressive laminectomy may relieve symptoms in
cases of marked narrowing of the spinal canal,
or may at least halt progression. Neurological
symptomatology and its relationship to radio-
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logical changes of the cervical spine have to be
taken into account if an operation is consid-
ered. Only if there appears to be a plausible
causal relationship between the two is an oper-
ation indicated, and surgical intervention can
then yield good results.

NONORGANIC DISTURBANCES

Pareses, sensory disturbances, vertigo, visual
loss, unsteadiness of gait, etc., may occur as
psychogenic disorders which require partic-
ularly careful differentiation from MS. They are
often presented by patients with some knowl-
edge of symptomatology, particularly fre-
quently by medical and paramedical personnel.
The complaints tend to be described impre-
cisely, and "deficits" such as gait disturbances
and "pareses" are often different from those
caused by organic lesions. For example, a pa-
tient cannot rise from a chair "because my legs
are paralyzed," but may remain in a squatting
posture for a long time which requires much
more strength and force than walking. Alter-
natively, sensory disturbances alter several
times during the course of a day, and may
change sides and intensity; visual disturbances
improve "by stroking the eyelid," falls to the
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ground occur only when the patient is ob-
served, etc. Obviously, psychogenic distur-
bances are not always easily diagnosed, and a
careful diagnostic differentiation is indicated
because they may accompany organic disease.
A detailed case history and a thorough clinical
examination are sufficiently useful diagnostic
tools to make it possible in most cases to arrive
at the correct diagnosis without more extensive
examinations. It is a somewhat typical sign of
psychogenic disturbances that different physi-
cians are called upon again and again "because
nobody understands me," and it is characteris-
tic that the patients themselves often demand
invasive diagnostic tests and interventions
which not uncommonly result in self-mutila-
tion. Electrophysiological and radiological in-
vestigations, CSF punctures, and MRI are per-
formed to excess because too little trust is
placed in the most basic forms of clinical diag-
nosis.

The field of psychogenic disturbances pre-
sents an immense task for physicians, who
should not be dominated by patients but who
should offer them adequate sympathy. Only
then can treatment of these often very serious
disturbances be made possible.
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Assessment of performance,
ability, and disability

The degree of disability resulting from a disease
such as MS is recorded with varying degrees of
accuracy. Therefore, conclusions based on such
records are often inadequate and cannot be
compared with each other. The International
Federation of Multiple Sclerosis Societies
(IFMSS) has therefore installed a working
group with the task of producing a simple stan-
dardized protocol of examinations which
would allow the disability of MS patients to be
recorded in different clinical settings. This
would lead to easier comparison of results of
examinations and data from various sources. It
is, for example, a prerequisite for epidemiologi-
cal studies.

The entire protocol is constructed in such a
way that it may be dealt with by electronic data
processing. It contains quantified findings of
neurological examinations in various systems
which may be involved in MS (impairment).
Furthermore, the degree of individual disability
is recorded on a scale of ability or disability.
Data for these two sections of the protocol are
collected by physicians. Certain tasks impor-
tant in daily life are also quantified, producing
data on "incapacity." Finally, environmental
status and social consequences of the disease
are described. Careful evaluation of this proto-
col in various institutions has proved it to be
easy to handle and to produce useful data, al-
though it has been criticized (Willoughby and
Paty 1988). Possibly a modified self-adminis-
tered version of the minimal record of disability
may represent a reliable instrument for obtain-
ing a comprehensive profile of patients' abilities
(Solari et al. 1993). In order to support distribu-
tion of this useful clinical instrument, a minimal
record of disability is reproduced in the Appen-

dix (see p. 169). Various scales describing func-
tional independence in daily life situations, or
describing degree of disability, correlate well
with the amount of time which has to be pro-
vided by a helper or with the affected persons'
subjective indications of satisfaction with their
own quality of life (Granger et al. 1990). The
EDSS (Kurtzke 1983a) may be used as a predic-
tor of impairment of functional activities of dai-
ly living. The criticism that it is heavily
weighted in terms of mobility is reflected in the
finding of a strong correlation between the
EDSS and the total activities of daily living
(ADL) disability level, where the ADL domain
of "mobility" fully accounted for this relation-
ship (Cohen et al. 1993). Novel approaches and
improvements of assessment scales have been
provided during the last few years, and these
new instruments of recording have to be recon-
firmed in centers other than those of the origi-
nal authors (Confavreux et al. 1992; Mumford
and Compston 1993).

For comparative studies on the spontaneous
course of the disease, or on the effect of thera-
peutic endeavors, a point system may be used
which has been elaborated on the basis of case
histories of over 100 patients later confirmed at
post mortem to have had MS (Poser et al. 1984):
a point value corresponding to the percentage
frequency (see Chapter 7) was accorded to clini-
cally determined parameters.

Values are cumulative and are counted even
when the corresponding clinical sign is no long-
er detectable. In addition, paraclinical data (see
Chapter 8) are taken into consideration in this
system.

Although various deficits may occur simul-
taneously at disease onset, only the highest val-
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Table 12.1 Point value system in the diagnosis of MS

Clinical details

Age at onset (years)
20-29
30-39

First symptoms
muscle weakness
visual and oculomotor disturbances
paresthesias
mental deficit

Remission
Symptoms/signs

pyramidal tract
ocular disturbances
delayed VEP
bladder disturbances
balance disturbances
vibration/posture
delayed SSEP
nystagmus, delayed AEP
paresthesias
dysarthria
gait ataxia
mental/cognitive deficit
oligoclonal IgG bands in CSF
contrast medium enhancement on

MRI or CT
Diagnostic scale

MS definite
MS probable
MS possible

Point
value

1
2

4
3

1
7

10

8
8
8

7
7
7
6
6
5
9
5

>49
36-48
<35

I. Kesselring

ue produced out of weakness, visual and ocu-
lomotor disturbances, paresthesias, and cere-
bellar deficits is taken into account. The initial
symptom is considered again when evaluating
the entire constellation of symptoms. As for the
other parameters, descriptions given in Chap-
ters 7 and 8 are valid.

Such a system of clinical aspects of disease
may appear somewhat rigid and impractical to
the clinician. However, it is valuable because it
is validated on the basis of cases verified at post
mortem and in various clinical series. A further-
advantage is the fact that only new symptoms
and signs are included. They are more impor-
tant for describing disease activity than the
number of relapses. In the majority of cases
(about 80%), no new symptoms are apparent
during relapses but previously present mani-
festations are reactivated.

Poser et al. (1984). (SSEP, somatosensory evoked poten-
tial; AEP, auditory evoked potential.)



PART III

Management and therapy

A chronic disease such as MS, the etiology of
which is unclear, precludes the possibility of
causal therapy. On the other hand, it encom-
passes a wide range of symptoms, clinical
signs, and associated complications, providing
a great challenge for the treating neurologist or
physician. An attempt is made in this section to
describe some of the most important aspects of
symptomatic treatments available for patients
suffering from MS. In surveying treatment op-
tions, measures such as physiotherapy and oc-
cupational therapy, as well as drug treatment,
are discussed. All of these measures can be uni-
fied under the heading of rehabilitation. In this
context, the concept of rehabilitation should
not be viewed too narrowly, attempting only to
restore sensorimotor functions and the capacity
to work. Comprehensive rehabilitation referred
to here aims at the improvement, restoration,
and maintenance of patients' overall quality of
life, and maximum independence in all activ-

ities of daily living within their normal social
environment.

To the average clinical practitioner, the mass
of data on the postulated causes of MS and pos-
sible related therapies must appear confusing
rather than informative. Thus, apart from dis-
cussing the aspects outlined above, it is neces-
sary to give a critical overview of current at-
tempts to find a causal therapy for the disease.
A proper understanding of experimental treat-
ments is absolutely necessary if the practitioner
is to counsel patients. This is particularly im-
portant if additional damage to the patient, be it
physical or psychological, is to be avoided.
Such damage may result from situations in
which, in the hope of finding a cure for their
disease, patients turn uncritically to newly de-
veloped and not yet proven therapies.

A further aspect dealt with in this section is
treatment through dietary measures.
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Symptomatic treatment and
nutrition

INTRODUCTION

A chronic disease such as MS, the etiology of
which is unclear, precludes the possibility of
causal therapy. On the other hand, this dis-
ease encompasses a wide range of symptoms,
clinical signs, and associated complications,
providing a great challenge for the treating
neurologist or physician. The first chapter in
this section attempts to describe some of the
most important aspects of symptomatic treat-
ments available for patients suffering from MS.
In surveying treatment options, measures such
as physiotherapy and occupational therapy, as
well as drug treatment, will be discussed. All
of these measures can be unified under the
heading of rehabilitation. In this context, the
concept of rehabilitation should not be viewed
too narrowly, attempting only to restore sen-
sorimotor functions and the capacity to work.
Comprehensive rehabilitation referred to here
aims at the improvement, restoration, and
maintenance of patients' overall quality of life,
and maximum independence in all activities of
daily living within their normal social environ-
ment.

As experience with, and advances in pallia-
tive treatment of, MS have expanded, life ex-
pectancy and quality of life of patients have
markedly improved. In the past, disturbances
caused by the disease and its accompanying
complications, for example respiratory weak-
ness and pneumonia, urinary tract infections
and renal failure, decubital ulcers and sepsis,
often led to premature death. In recent times,
however, the use of chemotherapy or antibi-
otics, as well as determined combating of dis-
ease-induced inactivity, have allowed for the
control or prevention of such life-threatening
complications. As a result, the life expectancy

of patients after the onset of the disease has
risen considerably (Kurtzke et al. 1970; Con-
favreux et al. 1980; Hallpike 1983), bringing it
to almost normal levels. In their study on the
clinical course of the disease in, and disability
of, over 1000 patients with MS, Weinshenker
and colleagues (1989) found a median survival
time of over 40 years. By using the Kurtzke
scale to measure the increase in disability over
the years (Kurtzke 1983a), they found a re-
markably slow progression of the disease, with
an average of 15.3 years before disability
reached grade 6, and 46 years to achieve grade
8 (Fig. 13.1).

Previously, MS patients were often advised
to avoid physical and, as far as possible, psy-
chological stress. Relapses and rapid clinical
progression of the disease were treated with
weeks or months of bedrest, with physi-
otherapy limited to purely passive measures.
Today we know that such treatment encour-
ages the development of life-threatening com-
plications; it has become clear that the inac-
tivity caused by the disease must be combated.
This can be achieved through intensive active
physiotherapy, occupational and neuropsy-
chological therapies, as well as through the
greatest possible participation of patients in
normal daily life. Such a treatment regimen
helps to counteract the development of com-
plications, such as inactivity-induced addition-
al loss in neuromuscular functions, peripheral
circulation disturbances and osteoporosis, and
deterioration in mental health resulting from
social isolation (Fig. 13.2). This modern man-
agement, as well as the use of drugs and
methods to relieve symptoms such as spas-
ticity or bladder disturbances, is the source of
an impressive increase in life expectancy and a
better quality of life for many MS patients.
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Fig. 13.1. Increase in disability during the course of dis-
ease in over 1000 Canadian MS patients, assessed using

the Kurtzke disability status scale (DSS). (From Wein-
shenkeretal. 1989.)

PHYSIOTHERAPY

Of the various options for treatment, physi-
otherapy is possibly the most important one
for motor disturbances in the form of spas-
ticity, paresis, and coordination deficits. The
aims of such treatment are:

(a) to maintain the functional independence of
the patient as far as possible,

(b) to promote the active patient by enhancing
or restoring normal motor activity, or, in
more advanced stages of the disease, to
help with the development of compensa-
tory functions and strategies,

(c) the prophylaxis or relief of secondary com-
plications, such as contractures, decubital
ulcers, posture changes, and osteoporosis.

Even today, the value of regular physio-
therapy is often underrated, but an increasing
number of doctors and patients are becoming
convinced of its necessity. To quote an edi-
torial remark by R.A.C. Hughes (1991): "Too
little is made of physiotherapy. Uncontrolled
observations suggest that experienced physi-
otherapists can reduce spasticity, improve gait

patterns and increase functional indepen-
dence. Little research has been devoted to the
most effective types of physiotherapeutic su-
pervision, benefits from physiotherapy, or into
the efficacy of regular long-term physiothera-
peutic supervision. Benefits from physiother-
apy, occupational therapy and appropriate
aids are self-evident. What is needed as much
as research is an improvement in the provision
of these services to patients."

Efficient physiotherapy for MS must pro-
mote the possibilities for functional repair of-
fered by the plasticity of the CNS. This can be
best achieved with the help of neurophysiolog-
ically based techniques. The most familiar
methods are those which were developed for
the treatment of hemiplegia, such as Rabat's
proprioceptive neuromuscular facilitation (Knott
and Voss 1981), and the spasticity-reducing
and mobilizing methods of the Bobath concept
(Bobath 1990; Mertin and Paeth 1994). Depen-
dent on the patient's special needs, experi-
enced physiotherapists tend to be pragmatic
and often combine the two methods of treat-
ment. Via facilitation of normal movement
components and patterns, these treatment



Symptomatic treatment and nutrition 137

Impairment of
neuromuscular-<
function

Psychosomatic
disturbances

Upper
respiratory
infections

Bronchitis,
bronchopneumonia

Infection

INACTIVITY

Thrombophlebitis

Urinary
bladder
dysfunction

Bowel
dysfunction

Negative
calcium
balance

Decubital (osteoporosis)
ulcers

Pulmonary
infarction

II
Chronic
sepsis

Negative
nitrogen <
balance

Other ^
nutritional
and vitamin
deficiencies

Amyloidosis

Fig. 13.2. Sequelae of neurological impairment in MS, and complications resulting from inactivity. (Bauer, referred to
in Mertin and Paeth 1994.)

techniques serve to increase the active inner-
vation and coordination of movement, and
to strengthen unaffected muscle groups, there-
by increasing muscular efficiency with respect
to coordination, strength, and endurance.
They include also integration of afferent path-
ways through the various stimulatory tech-
niques which play an important role in the im-
provement of superficial and deep sensation,
as well as of postural orientation. The inclu-
sion of such afferent signals in the regulation
of motor functions, controlled by cortical and
subcortical centers and the cerebellum, is en-
couraged.

Through such specific demands on efferent
and afferent pathways, improvement can be
achieved of disturbed movement patterns
caused by paresis, spasticity, and coordination
disturbances.

It has been postulated that the learning ca-
pacity of the brain is also set into motion, al-
lowing the development of new postural and

movement pathways (Bobath 1990; Brooks
1986). In the case of many MS patients, this
may be limited since they not only suffer from
motor and sensory deficiencies, but also from
cognitive disturbances which were underesti-
mated until recently. Because of this, it is nec-
essary for future concepts to be developed in
which physiotherapy is combined with the use
of neuropsychologically based learning strate-
gies. This motor and sensory training should
not be limited to mobilizing and stretching ex-
ercises and sensory stimulation techniques,
but has to be determined by the tasks of daily
living. It is only active participation that pro-
duces motor improvement or learning: "impo-
sition of postures and movements can have no
practical value" (Brooks 1986).

One of the main problems facing people
with MS is the development of spasticity aris-
ing from an increase in phasic and tonic
stretch reflexes. This usually presents as flexor
(in the upper extremities) and as extensor and
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adductor spasticity (in the lower extremities)
which, in the framework of associated reac-
tions, can be accompanied by flexor spasms.
The prevention of the inducing reflex activity
is one of the main aims of physiotherapy. It
can be achieved through correct positioning
(the supine position increases spasticity,
whereas lying on the stomach or on the side
has the opposite effect), as well as through
standing exercises, passive swinging and rota-
tion, and facilitation of the movements of cer-
tain key points of postural control (Bobath
1990). Patients with only moderate spasticity
can be taught by the physiotherapist to per-
form these exercises at home, either alone or
with the help of a relative or friend. This helps
to prevent an increase in spasticity and the de-
velopment of additional complications (con-
tractures).

Further possibilities for active physiotherapy
arise when the treatment is carried out in wa-
ter (temperature 28-32°C). The water's buoy-
ancy and resistance facilitate the performance
of movements of paretic muscles and in ataxia,
for example through exercises aimed at the im-
provement of gait patterns.

Regular standing exercises, with the help of
a standing board and other aids such as a
standing frame, allow the patient who cannot
stand unaided (perhaps supported by the ap-
plication of leg splints) to combat circulation
disturbances, contractures, and osteoporosis.
They can also help to improve the mental state
of bed- and wheelchair-bound patients. Such a
positive psychological effect is also seen with
hippotherapy, which, however, mainly serves
to improve posture and balance, and reduce
spasticity, as well as strengthening the back
musculature. With this "physiotherapy with
and on the horse," the transfer of rhythmic
movements from the horse to the rider is ex-
ploited. Apart from having a positive effect on
spasticity and ataxia, it also serves to improve
breathing, circulation, and intestinal function.

In many patients - not just those with clini-
cally advanced disease - a reduction in respira-
tory function (for example stress dyspnea,
speech dyspnea) can be seen. As a result of
their observations on lung function and cardio-
respiratory tests, Olgiati and colleagues (1986)
reported that the increase in energy used on
walking led to a marked dyspnea and to tired-
ness of the legs, in which bad general condi-
tion, disturbed cardiovascular control, and
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weakening of the respiratory muscles also
played a role. In pilot studies, it was shown
that respiratory weakness exhibited itself, for
example, as a pathologically reduced respira-
tory pressure (maximal inspirational or expira-
tional pressure). It was found that targeted
respiratory muscle training could markedly im-
prove this function (Olgiati et al., unpub-
lished). Such training is carried out under
physiotherapeutic control, and consists partly
of relaxation and contraction of the respiratory
and associated musculature, guided by the
therapist, as well as breathing through a spe-
cial mouthpiece which produces either expira-
tional or inspirational resistance. Whether
such training has a long-term effect on clinical
parameters such as general condition and en-
durance, or even influences oxygen balance
and thereby motor function and coordination,
has still to be determined. There are patients
who develop their own breathing exercises in-
dependently, and who are convinced of their
positive effect. Indeed, one of the author's pa-
tients achieved a considerable therapeutic ef-
fect through regular playing of the mouth har-
monica, an exercise whose therapeutic value
was also reported by Vergith (1986).

A form of passive physiotherapy includes
the application of ice packs or even ice baths to
reduce spasticity and relieve pain. In the case
of peripheral circulation and tropic distur-
bances, found particularly often in the case of
paraparesis of the legs, treatment with ice can
also be highly effective, as can water therapy
or the techniques of lymphatic drainage.

In contrast to, for example, the patient
with traumatic paraplegia, who can expect to
achieve a lasting improvement in this condi-
tion, the success of treatment for MS patients
is often questionable because of further dis-
ease-induced deterioration. Thus, functions re-
gained and lost again through clinical relapse
must always be learned anew. The frustration
involved in this Sisyphean work makes it very
difficult for the patient to muster or maintain
the motivation needed for the active participa-
tion which determines the success of physi-
otherapy. In such a situation, it is the impor-
tant task of the physiotherapist, as well as of
the treating physician, nursing staff, and the
patient's relatives and other carers, to encour-
age active participation and, when necessary,
the regular performance of planned home-ex-
ercise programs.
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The amount of physiotherapy, carried out
either individually or as group therapy, must
be tailored to the needs and capabilities of the
patients, such that the initial level of exertion
can be carefully increased in a stepwise man-
ner which avoids overexertion. Treatment for
spasticity should begin early in the disease, at
a time when the spasticity is still limited, or in
order to prevent the development of further
spasticity-induced disability. In addition to
outpatient physiotherapy, hospitalization in
special rehabilitation centers is to be recom-
mended for those with mild disturbances as
well as for the seriously disabled. Such centers
offer intensive physiotherapy and, if nec-
essary, advice on physical aids (supports,
splints, wheelchairs, etc.), as well as training
in their use. To date, there is no indication that
seriously disabled patients benefit from such
intensive therapy with respect to measurable
improvement in specific functions. However,
if the treatment leads to stabilization which
prevents further progression of disability,
when this must also be seen as positive out-
come. Thus, physiotherapy given regularly or
at intervals plays an important role in the long-
term care of patients in the advanced stages of
the disease.

In a review of the application of the Bobath
concept in MS treatment, Mertin and Paeth
(1994) presented a hierarchy of the therapeutic
strategies dependent on the clinical status of
the patients. Accordingly, with a level of im-
pairment/disability corresponding to points 0.5
to 5.5 on the Kurtzke EDSS scale, the therapy
has to be targeted toward:

(a) normalization of postural control,
(b) inhibition or reduction of compensation

strategies developed by patients them-
selves,

(c) facilitation of normal movement compo-
nents and patterns,

(d) relearning of normal standing balance and
gait

(e) composition of a tailor-made home train-
ing program.

In more advanced stages of the disease, with
impairment/disability corresponding to 6.0 to
7.0 EDSS points, therapy should be targeted
toward:

(a) using the patient's compensation strategies
and refining them to enable the patient to
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perform as efficiently as possible in the ac-
tivities of daily living,

(b) selection of aids, and training in their use.

Compensatory motor strategies involve re-
stricted and stereotypical use of muscle groups
and of the joints. Therapeutic exploitation of
such strategies necessitates the extension of
the above treatment to the following:

(c) maintenance of the fullest possible range
of movement,

(d) improvement of postural tone, especially
in overused muscle groups such as the
shoulder flexors,

(e) facilitation of normal movement compo-
nents and patterns,

(f) maintenance of the best possible standing
balance (for example by regular standing
training),

(g) composition of a tailor-made home train-
ing program,

(h) training of carers.

In the case of even further advanced mo-
bility loss (EDSS greater than 7.0), the treat-
ment has to aim at:

(a) training of carers for positioning, transfers,
stimulation techniques, and use of techni-
cal aids,

(b) prevention of the development of muscle/
joint contractures and other complications
such as decubitus or pneumonia,

(c) adaptation of the home training program
to the more limited faculities of the pa-
tients.

Controlled efforts to counteract disease-in-
flicted inactivity are an important contribution
to successful comprehensive rehabilitation
therapy. Such therapy must become part of
the daily 24-hour regimen developed in accor-
dance with a conscious behavioral change, and
initiated in the early stages of the disease
(Mertin 1994).

Close cooperation between the treatment
center, the treating physician, local physio-
therapy department, and private physiothera-
pist should be a goal. Under physiotherapeutic
guidance, a proportion of patients can learn to
carry out home exercise programs, either alone
or with the help of relatives. Such programs
help to maintain the progress made during
special therapy. The availability of diagram-
matic instructions and of video films (Davies
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and Mertin 1989) offers support for such home
exercise activities.

It is a regrettable weakness of physiother-
apy, as a medical ancillary field, that no gener-
ally applicable scoring systems are used to de-
termine functional status before and after
therapy. Such schemes would help in the as-
sessment of the short-term and long-term suc-
cess of therapy. The lack of such a scoring sys-
tem is certainly one of the reasons why the
need for, and usefulness of, regular special
physiotherapy is so frequently underesti-
mated.

EXERCISE MACHINES

During the past few years, an increasing
awareness of the importance of physical fit-
ness has developed, which has led to exercis-
ing in such forms as jogging and aerobics. In
addition, exercise machines have been devel-
oped with the purpose of increasing strength,
endurance, and coordination. As a result, an
ever-increasing number of patients with dis-
abilities induced by disease of the musculature
or nervous systems, and suited to treatment
with physiotherapy, are turning to such ex-
ercise machines. There is thus a range of
machines available, some of which, according
to the manufacturers, are general purpose,
whereas others are partially or specifically de-
signed for the disabled. Such "fitness and ther-
apy trainers" are often incorrectly viewed by
MS patients as an alternative to physiother-
apy. One of the aims of physiotherapy is to
restore normal movement or, when this is no
longer possible, to maintain the existing resid-
ual function. Normal movements include
bending and stretching, abduction, adduction,
and rotation. Exercise machines, however, are
usually limited to bending and stretching, with
the exclusion of abduction, adduction, and ro-
tation. In addition, the bending and stretching
movements are incomplete, for the apparatus
is often used in a sitting position, thereby de-
nying the opportunity for full extension, for
example of the legs (including stretching of the
hip joints). Such stretching is of great impor-
tance, particularly in cases of advanced spastic
paresis or in order to prevent the development
of contractures. For such patients, daily pas-
sive movements with full stretching, carried
out with the help of relatives, the community
(district) nurse or physiotherapist, are far more
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useful than an expensive exercise machine. In
addition, the tactile stimuli afforded by physi-
cal contact between the patient and the helper
carrying out the passive movements, cannot
be replaced through the use of a machine.

However, exercise machines fulfil the prom-
ise made by their manufacturers: namely,
improving the respiratory and circulatory
functions which are important factors in the
treatment of many MS patients. In doing so,
such machines also perform a degree of throm-
bosis prophylaxis. If, however, the machine
immobilizes the feet, thus preventing the nec-
essary bending and stretching of the feet, then
it will not serve to prevent deep vein throm-
bosis of the legs.

The conclusions to be drawn from the above
are that exercise machines are too one sided in
their usage, and therefore cannot replace
physiotherapy. Their use as the sole form of
therapy is inadequate, and can only lead to the
introduction of incorrect and ultimately dam-
aging changes in movement pattern. For pa-
tients in whom mobility is only moderately re-
duced, spasticity is not very pronounced, and
regular special physiotherapy not required or
available, such devices can be useful. How-
ever, for patients with more apparent distur-
bances, their use can only be seen as supple-
mentary to the more important treatment
through physiotherapy.

ERGOTHERAPY

The treatment options offered by ergotherapy
have long surpassed those originally envis-
aged under the older term occupational thera-
py. Today, ergotherapy is a discipline of many
aspects and tightly bound to the practice of
physiotherapy and neuropsychology. It in-
cludes functional training of motor skills of the
upper extremities (fine motor skills) and of the
trunk (sitting control), schooling of superficial
and deep sensation of the hands, neuropsy-
chological practice in cases of, for example,
concentration and perception deficits, and
training in self-help for activities of daily living
(eating, drinking, personal hygiene, writing,
etc.). Within the framework of rehabilitation,
and often in cooperation with welfare services,
ergotherapists attempt to improve the patient's
home situation. Thus, through analysis and re-
organization of the household, the home situa-
tion is adjusted to the needs of the disabled, so
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that the patient may maintain the improve-
ments achieved during a protracted stay in
hospital. It is necessary to discuss these mea-
sures with the patient's relatives who, through
a misguided wish to protect and to help, often
question the changes introduced by the er-
gotherapist.

SPEECH THERAPY

The aims and logic of using speech therapy for
patients with chronic progressive diseases of
the nervous system are controversial. It fol-
lows that relatively little is known about the
effectiveness of speech therapy as a treatment
for MS patients. The motor speech distur-
bances encountered in MS patients include
slurred dysarthric or scanning speech, or
ataxic dysarthria. In advanced stages of the
disease, these are often combined with
speech dyspnea, as well as with chewing
and swallowing disturbances, all of which can
be treated using various methods of speech
therapy. Such methods include therapy for
motor disturbances of the tongue and mouth,
through, for example, the use of myofunction-
al therapy (MFT), proprioceptive neuromuscu-
lar facilitation (PNF) methods, as well as pho-
nation adjusted to breathing rhythm. The
orofacial therapy described by Castillo Morales
(1991) and Coombes (1992) is utilized by er-
gotherapists and speech therapists alike.

DRUG TREATMENT

In this section, the main areas for symptomatic
treatment with drugs have been selected, i.e.,
spasticity, bladder disturbances and their com-
plications, tremor, pain, epileptic seizures, and
depression.

Spasticity

The mainstay of treatment of spasticity is ac-
tive exercise under the guidance and control of
specially trained physiotherapists and er-
gotherapists. Pharmacologic treatment with
antispastic drugs may support physical thera-
py, but not replace it.

Before beginning medical treatment with
such inhibitory substances, various aspects of
the patient's condition should be considered.
Thus, nociceptive stimuli from inner and outer
surfaces, joints and tendons (increased urine
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retention and urinary tract infection, constipa-
tion, pain, incorrect posture, or a poor posi-
tioning in the wheelchair, etc.) can increase
spasiticity or even make it apparent. Indeed,
emotional changes can also have a negative ef-
fect on spasticity. The exclusion or reduction
of these factors can make the treatment of
spasticity with drugs unnecessary, or at least
allow a reduction in the dosage given.

The pathophysiology of spasticity is not
completely clear, with attempts at explanation
often only tackling isolated aspects of the
problem. Spinal and supraspinal lesions are
thought to cause an imbalance between inhibi-
tory and stimulatory pathways of the CNS (Ec-
cles and Lundberg 1959). Sprouting of afferent
pathways, leading to an increase in the influ-
ence of efferent impulses originating in muscle
and skin on a-motoneurons (Benecke et al.
1990), may be another spasticity-inducing fac-
tor. The exact mechanisms of action of the var-
ious available antispastic drugs are unclear.

Diazepam and baclofen, as agonists of the
transmitter substance 7-aminobutyric acid
(GABA), could exert their spasticity-reducing
effects via potentiation of the inhibitory action
of GABA at the levels of presynaptic receptors
located on afferent terminals, and of post-
synaptic receptors located on interneurons
and motoneurons. Tizanidin and pyridinol-
mesilat are used to inhibit the release of excita-
tory transmitter substances. In contrast to the
above substances, which have their effects in
the CNS, dantrolen has a direct influence on
the contractile elements of striped muscles (Ta-
ble 13.1).

The dosage of antispastic drugs and their
administration over the day must be tailored to
the individual - in close cooperation with the
physiotherapist - beginning with a low dose
followed by a stepwise increase in the amount
given. However, it should be remembered that
a certain degree of spasticity may be necessary
in patients with paraparesis of the legs in or-
der that they may stand and walk. Thus, with
a complete loss of spasticity, or the develop-
ment of muscular hypotonia (which may ap-
pear sporadically in patients not adjusted to
their medication), it is necessary to reduce the
dosage of drug given. In the case of spastic tet-
raparesis, it should be remembered that an in-
crease in walking distance cannot be consid-
ered a treatment success if it is at the cost of
movement and function in the arms and
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Table 13.1 Drugs in the treatment ofspasticity

Substance

Diazepam
Baclofen

Tizanidine
Pridinolmesilat

Dantrolen

Daily
dose
(mg)

5-40
10-100

6-24
8-32

50-400

Action

Inhibition of mono- and
polysynaptic reflex
conduction via en-
hancement of the
inhibitory effect of
CABA

Inhibition of mono- and
polysynaptic reflex
conduction via inhibi-
tion of the release of
excitatory transmitter
substances

Inhibition of muscle con-
traction

hands. The disturbing and often painful shoot-
ing spasms which frequently occur at night
can be treated successfully with antispastic
drugs, limited to a single dose given in the
evening.

Side-effects of the antispastic treatment are
initial tiredness, dizziness, vomiting or diar-
rhea, as well as an increase in ataxia or the oc-
currence of psychological disturbances (confu-
sion, hallucinations). Micturition disturbances
can also be increased in some cases. Some pa-
tients treated with baclofen have also devel-
oped epileptic seizures. Dantrolen treatment
can lead to liver damage and photosensitivity,
which then require the appropriate control
measures (regular examination of liver func-
tion, avoidance of exposure to sunlight). The
use of diazepam should be avoided whenever
possible because of the many adverse side-ef-
fects of the drug, such as sleepiness and de-
pendency, and it should only be used when
other substances are ineffective or not toler-
ated. However, combining limited doses with,
for example, baclofen or tizanidin, can some-
times increase its effectiveness.

The use of pumps for continuous intrathecal
administration of baclofen should only be con-
sidered in cases of extreme spasticity, and has
to be monitored at centers which are conver-
sant with the neurophysiological methods nec-
essary for diagnostic and therapeutic control.
It may be the last resort for patients with ex-
tensive spasticity threatening severe complica-
tions and care problems for whom physi-
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otherapy and medication have shown no signs
of improvement. Some spasticity-related mus-
cular contractures can be reversed through ap-
plication by the physiotherapist of serial (plas-
ter of Paris) casts.

Clinical trials in progress are examining the
efficacy of tetrahydrocannabiol as a treatment
for spasticity (Meinck et al. 1989).

Bladder disturbances

Almost two-thirds of MS patients develop tem-
porary or permanent bladder disturbances
during the course of the disease, which, apart
from their various complications, often have a
marked detrimental effect on the patient's so-
cial life. Bladder disturbances can arise from
damage to cortical, subcortical, and spinal cen-
ters, and/or through interruption of the im-
pulse conduction between these centers. The
nervous coordination necessary for normal
bladder function is based on a complicated cir-
cuit of regulation, which is understood only
incompletely (see page 77). Thus, control
involves sensory pathways which give aware-
ness of bladder filling, together with parasym-
pathetic, sympathetic, pyramidal, extrapyrami-
dal, and spinally controlled motor stimuli
which determine the activity of detrusor and
sphincter muscles during filling and emptying
of the bladder.

Control of the micturition spinal reflex arc
can be reduced through the interruption of
cortico-subcortical pathways and a resulting
loss of supraspinal, partially voluntary, effer-
ents. In addition, damage to afferent path-
ways, with subsequent sensory disturbances,
can also play an important role. The resulting
alterations in detrusor reflexes (hyperreflexia)
cause bladder hypertonia, apparent as urgency,
urge incontinence, and incontinence. Damage
to the sacral spinal cord will, through abroga-
tion of the spinal sympathetic-parasympathe-
tic reflex arc, cause hypotonia of the bladder
(inhibition of detrusor activity via beta-recep-
tors) combined with failure in sphincter
relaxation (alpha-receptors), giving rise to
symptoms such as hesitancy, urinary reten-
tion, or overflow incontinence. Predominant
parasympathetic stimulation, on the other
hand, may result in hyperactivity of the vesical
detrusor. Such a combination of miscarried in-
nervation can lead to bladder disturbances like
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those in detrusor sphincter dyssynergia (con-
comitant stimulation of detrusor and sphincter
musculature) through loss of extrapyramidal
motor pathways.

A functional classification, as suggested by
Duckett and Raezer (1976) and Parsons (1983),
can provide guidelines for decisions on medi-
cal treatment of bladder disturbances. Briefly,
bladder disturbances are classified as (a) weak-
ness with incapacity for storage, (b) weakness
with inability to empty, and (c) a combination
of both disturbances.

Mild disturbances can often be treated suc-
cessfully by the physician or neurologist on a
trial-and-error basis. However, in the case of
severe disturbances, the use of a combined
therapy is often necessary, demanding prior
careful urodynamic examination by an urolo-
gist.

In treating mild symptoms, it should be re-
membered that latent micturition disturbances
often become relevant clinically only in the
presence of additional complications. The most
commonly encountered problems are urinary
tract infection or spasticity of the pelvic floor
musculature. The relevant treatment, with uri-
nary antiseptics or antibiotics, or with anti-
spastic drugs such as baclofen, can be suffi-
cient to restore normal micturitional function.

When weakness or inability to store urine is
present (Table 13.2), detrusor hyperreflexia
can be influenced and symptoms reduced by
the administration of anticholinergics such as
propanthelinbromide, methanthelinbromide or
emepromiumbromide, spasmolytics such as
flavoxat, or GABA agonists such as diazepam.
It is also possible to reduce detrusor tonus
with levodopa or imipramin. Sympathomime-
tics such as phenylpropanolamin or imipramin
(stimulators) or, conversely, phenoxybenza-
mine, reserpine or phentolamine (relaxants),
can be used to influence sphincter function.
Physiotherapy may also give improved empty-
ing control, achieved through purely reflectory
influence on the external sphincter by inward
rotation of the legs. Simply balancing and con-
trolling fluid intake can help to control inconti-
nence and thereby reduce the resultant com-
plications. The sleep disturbances caused by
increased nightly frequency can be treated
with drugs which reduce urine production,
such as the vasopressin derivative desmo-
pressin, which can be given in the form of a
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Table 13.2 Drugs used in the treatment of
bladder disturbances

Disturbance Substance

Inability/weak- Propanthelinbro-
ness to store mid, Methan-

thelinbromid,
Emepromium-
bromid

Flavoxat, Nifedi-
pin

Levadopa, Imip-
ramin

Phenylpropanola-
min, Imipramin,
Noradrenalin

Desmopressin

Inability/weak- Carbachol, Car-
ness to bamoylcholine
empty chloride, Distig-

minbromide,
Neostigmin, Be-
thanediol

Phenoxybenza-
min, Cuanethi-
dinsulphat,
Reserpin, Phen-
tolamin activity

Baclofen, Tizani-
din, Diazepam

Action

Anticholinergic,
inhibition of de-
trusor activity

Spasmolytic

Decrease in de-
trusor tone

Stimulation of
sphincter activ-
ity (alpha-
adrenergic)

Reduction in urine
production

Cholinergic, stim-
uation of
detrusor activity

Alpha-sympa-
thicolytic, inhi-
bition of
sphincter

Reduction of spas-
ticity of
sphincter mus-
cle

nasal spray (Hilton et al. 1983; Kinn and
Larsson 1990).

Chronic urinary tract infections may be pre-
vented by acidification of the urine, or by pro-
tracted treatment with the urinary antiseptic
methenamin, as hippurate or mandelate (Tour-
tellotte et al. 1983).

If medication should prove ineffective, or
lead to unacceptable side-effects, and the
above-cited methods also prove insufficient,
then bladder emptying may be brought under
control by intermittent (self-)catheterization,
by the insertion of an indwelling catheter, or
by surgical intervention (suprapubic catheter,
incision or resection of the sphincter, ileal con-
duit). Bladder stones can be a particular prob-
lem in patients with an indwelling or supra-
pubic catheter. They may not only lead to
blockage of, and eventually damage to, the
catheter, but can also be a cause of hemor-
rhage. In order to prevent the development of
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stones, patients must be encouraged to drink
plenty of fluids (a daily intake of 2 to 3 liters).
Smaller stones may be excreted spontaneously
or removed via the urethra, whereas larger
ones must be removed surgically.

Pain

The prevalence rate of clinically significant
pain in MS has been reported to be about 50%
(see Chapter 7; Vermote et al. 1986; Stenager et
al. 1991), although no distinction is made in
this estimate between peripherally induced
and central pain.

Nociceptive musculoskeletal pain, including
back pain, results secondarily from disease-
related clinical phenomena and/or their com-
plications, such as spasticity, osteoporosis,
urinary tract infection, etc. Central acute par-
oxysmal and chronic pain are caused by le-
sions in the posterior column, spinothalamic
tract, posterior roots, and possibly also in the
spinal ganglia.

Whereas paroxysmal pain, including tri-
geminal neuralgia, painful tonic seizures, and
painful Lhermitte's sign, is a relatively rare
event, chronic central pain in the form of dys-
aesthetic or pseudoradicular pain is reported
more frequently.

Trigeminal neuralgia occurs in 4% to 5% of
patients with MS (Osterberg et al. 1993), and is
caused, unlike peripherally induced idiopathic
trigeminal neuralgia, by inflammatory lesions
or demyelination in the brainstem area, with
damage to the trigeminal root and short-cir-
cuiting of axons.

Central pain cannot be influenced by stan-
dard pain-relief treatment employing nonnar-
cotic analgesics and nonsteroidal antiinflam-
matory drugs which exert their main effects in
the periphery. It can only be dealt with by
agents which influence CNS functions, such as
antiepileptic and psychotropic drugs.

In most MS patients suffering from trigemi-
nal neuralgia, treatment with antiepileptic
drugs will successfully suppress recurrent neu-
ralgic pain, or at least diminish its severity.
The first-line drug carbamazepine, given ini-
tially at a low dose of 100 mg tds and subse-
quently increased gradually to up to 1000 mg
daily, can be the cause of aplastic anemia,
agranulocytosis, thrombocytopenia, or liver
damage. Thus, weekly, and later monthly, ex-
amination of blood counts and liver function is
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essential. A mild and constant leukopenia is
acceptable. As with other antiepileptics, it is to
be expected that a sudden cessation of treat-
ment may result in epileptic seizures. Thus, it
is preferable to reduce the dosage slowly and
in a stepwise manner. For patients who fail to
react to carbamazepine, treatment with pheny-
toin, clonazepam or biperiden may be at-
tempted. Success has also been achieved with
baclofen (alone or in combination with carba-
mazepine), its levo-form appearing to be supe-
rior to the commonly used mixture of levo-
and dextro-baclofen (Fromm and Terrence
1987). Surgical interventions, such as glycerol
injection or coagulation, are usually not help-
ful in drug-resistant cases of trigeminal neural-
gia in MS.

Carbamazepine is also effective in the other
forms of central paroxysmal pain. The painful
Lhermitte's sign usually only occurs as a short
episode in acute relapse, and therefore does
not often require prolonged treatment. In con-
trast, the effect of carbamazepine or other anti-
epileptic drugs on chronic central pain is only
marginal, and psychotropic substances, anti-
depressants, and/or neuroleptics, have to be
prescribed. Combination of such drugs allows
relatively low dosages to be used, thereby
minimizing their well-known adverse effects,
e.g., a combination of clomipramin (10-25 mg
tds), haloperidol (0.5-1.0 mg tds), and carba-
mazepine (100-200 mg tds) has proven to be
effective in a number of patients with a long
history of dysaesthetic pain. Such combined
treatment should also begin with the use of
the drugs at the lower doses.

In the management of chronic pain, psycho-
logical interventions, such as psychotherapy or
relaxation, and biofeedback methods may be
useful, but as yet experience with such ap-
proaches in MS has been limited.

Nociceptive pain arising from MS symptoms
and their related complications has to be man-
aged primarily by treatment of its sources.
Thus, for example, active physiotherapy, pas-
sive physical treatment (for example with ice),
combined with the administration of muscle-
relaxant drugs, are recommended in the case
of spasticity-related pain. Physiotherapy is also
the main approach to combat the pain arising
from degenerative alterations of the vertebral
column or joint abnormalities which result
from fixed neurological deficits; additional
treatment with nonnarcotic analgesics or non-
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steroidal antiinflammatory drugs is often un-
avoidable. The latter should be used with care,
since it has been reported that the use of indo-
methacin can result in activation of the disease
(Niewodniczy and Posniak-Patewicz 1973;
Rudge 1985), possibly via an interference with
prostaglandin action in immunoregulatory cir-
cuits (Mertin and Stackpoole 1981).

Tremor

Ataxic and intention tremor can be so marked
that an MS patient free of spasticity and pare-
sis can still be made virtually helpless. Even
when tremor is relatively mild, it can still play
a significant role in disability. There is no
known medication with predictable success in
treating this problem, although propranolol,
diazepam, chlorpromazin or tetrabamat can
sometimes have an inhibitory effect. Thera-
peutic trials with the tuberculostatic substance
isoniazid (INH), a drug which increases GABA
levels in the CNS, have shown a positive effect
in some patients, particularly in those with
postural tremor. However, at a daily dosage of
600-1600 mg, the adverse side-effects of the
drug are unacceptably high in comparison to
its modest effects on tremor. Preliminary re-
sults of treatment with glutethimide were posi-
tive (Aisen et al. 1991), and should now be fol-
lowed up in controlled therapeutic trials. In
particularly difficult cases, neurosurgical ste-
reotactic intervention may be necessary.

Epileptic seizures

It is to be expected that the tendency to devel-
op epileptic seizures is increased in MS pa-
tients with lesions tangent to or in the cerebral
cortex (see Chapter 7). The frequency of epi-
lepsy in MS has been reported to lie between
0.5% and 10%. Epileptic seizures associated
with cerebral lesions are usually of the grand
mal type, but may also occur in the form of
focal seizures. In most cases they can be well
controlled by longterm antiepileptic treatment
with carbamazepine or phenytoin. These
drugs are also effective in the suppression of
other types of seizures, which are believed to
be tonic brainstem attacks. Such seizures can
present as painful muscle cramps, paroxysmal
tachycardia or dysarthria, or as unbearable
dysaesthesia.
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Depression

Depression comprises another important prob-
lem facing the MS patient Qofte et al. 1987). It
is often difficult to differentiate between an en-
dogenous MS-unrelated depression and a reac-
tive depression arising out of the confrontation
with the illness and its associated psychologi-
cal and social problems, and grieving over lost
health. An endogenous depression would best
be treated with antidepressants, whereas reac-
tive depression requires psychotherapy and
sociomedical intervention.

Schiffer (1987) has observed that all the psy-
chotherapeutic strategies used were successful
for patients in whom depression was associ-
ated with a clinical deterioration leading to
feared dependency. In contrast, depressed pa-
tients in remission did not react to physi-
otherapy, and had to be referred to a psychi-
atrist. Although the clinical course of the latter
group of patients was milder than that of those
with active disease, they appeared to encoun-
ter more difficulties in coping with their dis-
ease and needed more help. In addition, there
was a greater fear of disease-related social dis-
advantages than of loss of independence.

Nutrition

There are two different aspects concerning nu-
trition in MS. First, many MS patients suffer
from chronic constipation resulting from a
combination of spinal lesions, a poor fluid in-
take, and disease-induced inactivity. Change
in dietary habits (combined with bowel train-
ing and increase in physical activity) is an im-
portant approach to the management of this
problem. Second, nutritional factors have been
examined in the context of MS etiology and
pathogenesis, and there is some evidence sup-
porting the assumption that dietary treatment
or supplementation of the diet with certain di-
etary factors may have a beneficial effect on
the course of the disease.

Prevention and therapeutic success in the
treatment of chronic constipation (and obesity)
can best be achieved through a fiber-enriched
diet which does not exceed the daily caloric re-
quirement and includes plenty of fresh vegeta-
bles (partly in their raw form), salad, and fruit.
Lean meat and offal, fish, skimmed milk prod-
ucts, and eggs will provide the necessary pro-
tein intake, while brown bread (best as whole-
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meal) and potatoes are an ideal source of
carbohydrate. The dietary fat content should
be reduced in relation to carbohydrate and
protein, and should originate primarily from
plant sources (rich in polyunsaturated fatty ac-
ids: cold-pressed oils, seeds, nuts). Such a bal-
anced diet which is rich in fibers, vitamins,
and minerals is also recommended for the pre-
vention of vascular disease and its complica-
tions. Therefore, family and friends can also
benefit from it and this ensures that social iso-
lation ensuing from chronic disease is not un-
necessarily increased through exclusive dietary
regimens.

Other measures against chronic constipation
include physical activity and physiotherapy,
and a regular intake of linseed (two to three
teaspoons swollen in water and then mixed
with yoghurt, soft cheese, or muesli), or oral
laxatives such as glycerine or senna.

Several dietary factors have been implicated
in the pathogenesis of MS. It has been sug-
gested that the methanol and formaldehyde
released in pectin metabolism intiate autoim-
mune reactions, and are the cause of the my-
elin damage seen as the disease progresses. As
a consequence, a diet free of pectin-containing
foods has been recommended. Those in favor
of a gluten-free diet believe that hypersen-
sitivity to this grain-based protein contributes
to the etiology of MS. The interest in food al-
lergy as a source of various diseases (including
psychoses) has led to the reemergence of the
discussion on the use of allergy-free diets in
MS. Apart from the fact that there is no con-
crete evidence to support the recommendation
of such diets, it should be remembered that
they can easily result in the development of a
variety of dietary deficiencies.

The theory that deficiency of a dietary con-
stituent is responsible for the etiology and
pathogenesis of MS is best supported in the
case of essential fatty acids (EFAs). Linoleic
acid and a-linoleic acid, the progenitors of the
n-6 and n-3 families of polyunsaturated long-
chain fatty acids (PUFAs), cannot be synthe-
sized by mammals. Thus, they are an essential
component of the diet, with the daily require-
ment for a healthy adult estimated to be 15-25
g. From these EFAs, the body is able to syn-
thesize long-chain carbon compounds with a
high level of conjugated double bonds. The
PUFAs comprise an important structural and
functional component of membrane phospho-
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lipids (arachidonic acid) and myelin (eicosa-
pentanoic and docosahexanoic acids). The
EFAs are also progenitors of important physi-
oregulatory substances, namely prostaglan-
dins, thromboxanes, and leukotrienes.

Several biochemical investigations have
shown that MS patients have reduced levels of
EFAs and related PUFAs, not only in the CNS,
but also in serum, leukocytes, erythrocytes,
and thrombocytes. Based on these findings,
R.H.S. Thompson (1975) postulated that MS
resulted from an "inborn error of lipid metabo-
lism." This theory is supported by the epide-
miological observation that the incidence of MS
is raised in areas in which the inhabitants eat
primarily animal (saturated) fats (meat, cows'
milk) in comparison to areas in which the diet
is rich in plant or fish oils (unsaturated fat:
Mertin and Meade 1977). R.H.S. Thompson
(1975) assumed that an inborn disturbance in
fat metabolism would make itself apparent, or
not, depending on the type of fat taken in the
diet. Based on the above suppositions, Millar
and coworkers (1973), and thereafter other
groups, performed double-blind controlled
studies to examine the therapeutic effects of an
n-6 EFA-enriched diet (15-25 g in addition to
the EFAs already present in the diet) on the
progression of MS. They observed a slight, but
significant, improvement in clinical course,
particularly in those patients starting the treat-
ment at an early stage of the disease when
there was little or no permanent disability
(Dworkin 1984). A double-blind study of 292
patients examined the effectiveness of n-3
EFAs and produced similar results (Bates et al.
1987). It was noted, however, that n-3 did not
appear to be as effective as n-6 EFAs. Further
trials in which dietary supplementation with
EFAs is combined with immunosuppressive
therapy are underway in the U.S. and Europe.
Awank and Brewer Dugan (1990) analyzed the
clinical course in 144 patients whom they had
treated with a (saturated) fat-reduced diet for
34 years. They found that those patients re-
stricting themselves to a diet low in animal fats
and supplemented with plant and fish oils had
a significantly slower disease progression and
a lower mortality rate than patients less con-
cerned with dietary intake. Best results were
obtained when the diet was started early in the
disease, at a time when there was minimal dis-
ability.

Millar and coworkers (1973) based their



Symptomatic treatment and nutrition

studies upon the assumption that they were
affecting the uptake of EFAs by the CNS and,
thereby, encouraging a stabilization of myelin.
However, later experimental studies demon-
strated that EFAs exert their effects through
their immunoregulatory function (Mertin
1980). Thus, it is not EFAs as such, but rather
their prostaglandin derivatives which are re-
sponsible for the observed immunological ef-
fects (Mertin and Stackpoole 1981; Mertin et al.
1985; Mertin and Mertin 1988).

There is no specific MS diet. However, pa-
tients should be encouraged to adhere to the
above-mentioned fiber-, mineral-, and vitamin-
enriched dietary regimen. Such a diet is usu-
ally sufficient to ensure regular gut and bowel
function. It can be enriched with cold-pressed
oils which are rich in EFAs. When preparing
foods, these oils (for example sunflower, corn,
or thistle oil) must not be heated, and should
be stored under cool and dark conditions.
Their intake should not be a problem if they
are added to salads, to vegetables after cook-
ing, to soft cheese, or yoghurt. An EFA-en-
riched diet increases the requirement for anti-
oxidants, so that vitamine E supplements are
to be recommended

For additional medical treatment, the avail-
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able EFA capsules usually contain no more
than 0.5 g of EFA and are not therefore able to
provide the necessary daily intake of, for ex-
ample, 15-26 g of linoleic acid. Such capsules
can provide, at best, a supplement to the EFAs
taken in the diet.

Concluding this chapter, it has to be pointed
out that rehabilitation therapy with activity-
promoting and complication-preventing spe-
cial physiotherapy, ergotherapy, home train-
ing, and suitable sports activities should not be
reserved for patients with more or less ad-
vanced disease, but has to start with diag-
nosis, in the framework of the necessary be-
havioral changes. In the long-term care of very
disabled people with MS, be it within the fami-
ly or in a suitable institutional home, the
whole range of physical and medical reha-
bilitation measures needs to be exploited to
avoid complications, promote stabilization,
and ensure thereby the patients' highest possi-
ble quality of life. Cognitive impairment is a
prominent feature in MS symptomatology
(Comi et al. 1993) and greatly contributes to
disability and handicap. Here, too, rehabilita-
tion is possible, for example with special tech-
niques including cognitive retraining of basic
deficits (Prosiegel and Michael 1993).
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INTRODUCTION

In recent years we have witnessed significant
progress in the search for treatments targeted
to influence the pathogenetic process in MS
(Hughes 1994; Ebers 1994; Wolinsky 1995; van
Oosten et al. 1995). This progress has been
hastened by our increased knowledge of MS
pathogenesis, by better means of monitoring
the disease process, advances in the design of
therapeutic trials, and by the introduction of
new therapeutic agents. In line with the in-
creasing evidence supporting a crucial role of
the immune system in MS pathogenesis,
nearly all the therapies discussed in this chap-
ter are targeted at different parts of the immu-
noregulatory network.

ASSESSING DISEASE EVOLUTION AND
THERAPEUTIC EFFECTS

Since the first description of MS, more than
100 different therapies have been applied, and
all of them - although based on different eti-
ological and pathophysiological assumptions -
have claimed improvements, sometimes by as
much as 100% (Schimrigk and Schmitt 1988;
Sibley 1992). These contradictory and unsat-
isfactory results have led to an increasing
awareness of the problems associated with the
assessment of therapeutic effects in this dis-
ease. Committees chaired by Schumacher
(1965) and by Brown (1979) defined the main
problems as: inprecise diagnosis, a variable
and unpredictable disease course with fre-
quent spontaneous remissions, lack of a direct
method to assess disease activity, the masking
effect of already existing persistent damage on
new activity, psychological disturbances, and
sometimes hysterical tendencies in some pa-
tients. While in most cases the problem of di-
agnosis is solved by applying the diagnostic
criteria defined by the committee of Schu-

macher et al. (1965), or their extension by
Poser et al. (1983), unpredictability and fre-
quent spontaneous remissions can only be
overcome by the inclusion of large groups of
patients and randomized assignment to paral-
lel therapeutic groups. Due to the chronicity of
the disease, the patients have to be followed
for longer periods of time (more than 2 or 3
years) if an effect on the course of the disease
is to be assessed. The vulnerable function of
partially demyelinated fibers predisposes the
performance of MS patients to be significantly
influenced by positive or negative expectations
and mood. Not only patients but also their
neurologists are susceptible to bias when as-
sessing neurological function (Noseworthy et
al. 1994a). Only a double-blind design controls
for this important variable. Large-scale multi-
center trials, with good quality study design
involving adequate patient numbers, are now
accepted as standard, and the only way to
achieve genuine therapeutic progress (Nose-
worthy et al. 1989). But even in this setting,
the main problem remains the accurate and
valid assessment of disease evolution. When
applying clinicial measures in order to do so,
we face both test-inherent and disease-inher-
ent problems. Figure 14.1 shows that even the
best clinical measures will not necessarily mir-
ror the "real" pathogenetic process. Other
methods of assessment, such as neuroimag-
ing, electrophysiological and immunological
tests, may help to complete the picture by de-
picting specific parts of the pathogenetic pro-
cess. As MS can strike nearly every part of the
central nervous system, there is an immense
quantitative and qualitative variability of
symptoms which is nearly impossible to assess
with one rating scale. Some of the symptoms
may be directly due to structural change in the
CNS, some reflect nonpermanent or functional
changes which may fluctuate from hour to
hour. Some symptoms may be easily measur-
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MS pathogenesis

Systemic
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dysfunction
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changes in CNS

MS symptoms

Temporary vs permanent

Focal vs generalized

\ / V \ / \
Immunological
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Fig. 14.1. Relation of MS pathogenesis, MS symptoms,
and methods for their assessment. BBB, blood-brain
barrier; MRI, magnetic resonance imaging; MRS, mag-

netic resonance spectroscopy; PET, positron emission
tomography.

able, for example a paresis; others may be
more difficult to assess, such as neuro-
psychological disturbances, or be ill-defined,
such as disease-related fatigue. Comprehen-
sive scales may lose sensitivity for change in
single relevant independent dimensions of MS
symptomatology. Because of the long duration
of the disease, many patients will have only
minor changes during periods of 2 or 3 years.

Stability or even improvement of symptoms
may occur spontaneously or as an effect of
treatment. Stability may be "real," i.e., reflect
a stable phase of the inflammatory demyelinat-
ing process, or "delusive" because the de-
myelinating process is going on at "clinically
silent" sites of the CNS. Serial MRI studies
have clearly shown this discrepancy. Although
in the long run what counts is the clinical
symptomatology, disability, and impairment,
additional "nonclinical" measures are indis-
pensable in order to assess the whole range of
MS-related pathology (see Fig. 14.1).

Clinical scales

Requirements for clinical outcome measures
have recently been summarized as a result of a
meeting (Table 14.1; Whitaker et al. 1995b).
Several different clinical scales have been used
in MS (some of them are listed in Table 14.2).

The longest established and most widely
used scale is that of J.F. Kurtzke (Kurtzke 1965;
1983; see Appendix, p. 169). Its range is from 0
to 10 in 19 steps of 0.5 points. Based on a com-
plete neurological examination, dysfunction is

measured in different neurological systems
("functional systems"): vision, brainstem, py-
ramidal, cerebellar, bladder and bowel, cere-
bral, and other. A total score (EDSS) is calcu-
lated on the basis of the functional system
scores. In the upper part, from 5.0 upwards,
the EDSS score is nearly exclusively dependent
on ambulation. Several disadvantages of this
scale have been depicted by its critics: it is not
linear (e.g., a change from 1.0 to 2.0 is not
equal to a change from 6.0 to 7.0); if applied to
an unselected population of MS patients, it has
a bimodal distribution, as illustrated in Table
14.3 (Weinshenker et al. 1991). Patients tend to
remain longer in certain steps of the scale so
the probability of change will be lower in pa-
tients on certain scores. Other shortcomings
are low intrarater and even lower interrater re-
liability (Amato et al. 1988; Noseworthy et al.
1990; Goodkin 1991; Francis et al. 1991; Ver-
dier-Taillefer et al. 1991), insensitivity to cogni-
tive decline and fatigue, and poor assessment
of upper limb function (Willoughby and Paty
1988).

Despite this critique, an international panel
recently concluded that the EDSS system pro-
vides "the best compromise at present for use
in multicenter trials" (Whitaker et al. 1995b).
Attempts have been made to improve the re-
liability of the scale by standardization of the
neurological examination (which should in-
clude walking with the patient) and by better
definitions of the terms and algorithms used to
determine the score (Lechner-Scott et al. 1995).
Specific tests that cover those functions under-
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Table 14.1 Requirements (or MS clinical outcomes measures

Criterion Explanation

Sensitivity

Readability

Validity

Measure contains components that reflect the inde-
pendent dimensions of MS

Measure is applicable to the range of MS impairments

Ease of administration

Cost-effectivness and efficiency

The measure should be sensitive to disease worsening
over a relatively short time interval

The score should be derived using objective criteria
and should have a high intra- and interrater repro-
ducibility

Test instrument measures impairment caused directly
by the disease and disability that is clinically rele-
vant

Test instrument measures the principal independent
dimensions of the disease, but contains minimally
redundant components

Available scores should allow classification of all pa-
tients and avoid ceiling effects

The measurement instrument should be easy and
quick to administer

The measurement instrument should be conservative
of time and resources

R. Rudick, cited in Whitaker et al. (1995b).

Table 14.2 Scales used in multicenter trials Table 14.3 Average time at each level of DSS

Name

Expanded Disability Sta-
tus Scale (EDSS)

Scripps score
Neurostatus
Ambulation index
QENF

9-hole peg test

Author

Kurtzke(1955, 1983)

Sipeetal. (1984)
Kappos et al. (1988a)
Hauseretal. (1983)
Potvin and Tourtellotte

(1976, 1985)
Mathiowetzetal. (1985)

represented in the EDSS system should be
added and, together with the EDSS, should
form a kind of "composite measure" (Goodkin
et al. 1995). This composite measure would in-
clude a quantified test of upper limb function,
e.g., 9-hole peg test (Mathiowetz et al. 1985), a
scale assessing fatigue (Krupp et al. 1994) and
quality of life (Ware and Sherbourne 1992; Gill
and Feinstein 1994), and ideally a short neuro-
psychological assessment (Fernell and Smith
1990; Beaty et al. 1995; Rao 1995). For treat-
ments aimed at halting the development of im-
pairment/disability, the best criterion for as-
sessment would be time to sustained change
in one of these measures in a survival curve
analysis. Usually a change of one full step in
the EDSS (with the exception of 5.5 to 6.0, 6.0
to 6.5 and 6.5 to 7.0 which are regarded as
equivalent to full steps: Multiple Sclerosis

Time at DSS step (y)

EDSS step n-progressing

854
675
539
467
444
292
114
32
14

X

4.1
2.8
2.0
1.2
1.3
3.1
3.8
2.4
2.5

SEM

0.2
0.1
0.1
0.1
0.1
0.2
0.3
0.4
0.6

Med.

1
1.5
1
1
1
2
3
2
2

Weinshenker et al. (1991) (n = 1037).

Study Group 1990) is accepted as "relevant dif-
ference," but generally accepted criteria have
not yet been established for other scales in
such a composite measure. "Sustained" is usu-
ally defined as a change that is confirmed at a
second examination 3-6 months later.

"Surrogate" markers

The term surrogate is used to indicate a noncli-
nical test that might replace clinical change in
the evaluation of treatment effects. Such a
marker should be reliable, sensitive, and objec-
tive. Ideally, in a disease like MS, a surrogate
marker should also allow prediction of ulti-
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Table 14.4 Effects of different therapeutic agents on MRI parameters

Effects on

Agent Gd enhancement T2 lesion load

Steroids (high dose)
rlFN-p-1b
rlFN-p-1a
rIFN-a
Azathioprine
Cyclophosphamide
Mitoxantrone
Cladribine
Linomide
Deoxyspergualin
Anti CD4
Cyclosporin A

+ established effect, ( + ) uncontrolled evidence and/or small controlled
trial, - no effect, ? no data available.

mate clinical change in the long term, reflect
established pathology of the MS lesion, and
help to elucidate pathogenesis. Up to now, no
nonclinical marker is thought to fulfil all these
requirements.

MRI

Brain MRI now has a prominent place as an
outcome measure in therapeutic trials. The use
of high field scanners, standardized acquisi-
tion of images in thin slices, and a uniform im-
aging processing, as well as blinded assess-
ment, preferably by the same raters, are
necessary prerequisites (Miller et al. 1991). Fre-
quently used outcome parameters are number
and area of gadolinium-enhancing lesions in
^-weighted scans, occurrence of new or en-
larging lesions on T2 scans, and assessment of
lesion load (hyperintense areas) on T2 scans,
or (recently) hypointense areas in Tj scans. For
the calculation of areas, more-or-less operator-
interactive computer methods are used (Paty
et al. 1992; Wicks et al. 1992; Filippi et al.
1995a, 1995b).

Most researchers in the field agree that serial
MRI, especially frequent (monthly) gadolinium
scans, may be useful in early phase II trials as
a primary outcome measure (D.H. Miller et al.
1991; Whitaker et al. 1995b). Serial MRI allows
assessment of the potential impact of new
treatments on parts of the inflammatory pro-
cess during lesion evolution, and identification
of agents which should then be tested in de-

finitive trials. It should, however, be kept in
mind that some treatments could affect disease
in a fashion not reflected by the available MRI
parameters (McDonald et al. 1994). As already
discussed in Chapter 8, correlation of estab-
lished MRI parameters with clinical disability
has been significant but disappointingly low
(Kappos et al. 1987; McDonald et al. 1994; Fi-
lippi et al. 1995c). The predictive value of MRI is
also a matter of debate. New techniques, such
as spinal cord imaging (atrophy seems to be
closely correlated with disability: Kidd et al.
1993), magnetization transfer imaging (MTI:
Dousset et al. 1992; Gass et al. 1994; Hiele et
al. 1995), or proton spectroscopic imaging
(Wolinksy and Narayana 1991; David et al.
1995; Roser et al. 1995; Schiepers et al. 1995),
may allow more detailed and dinically/prog-
nostically meaningful analysis of the MS le-
sion. Table 14.4 provides an overview of avail-
able information on the effects of various
treatments used in MS on two MRI parame-
ters: gadolinium enhancement, and T2 lesion
load.

Evoked potential

Actually evoked potentials are not considered
as important nonclinical measures of disease
evolution to be used in clinical trials. They
seem to be displaced by the enthusiasm for
MRI (Whitaker et al. 1995b), although (as
shown in Fig. 14.1) they may add important
information relating to the functional conse-
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quences of the disease process (Capra et al.
1989; Nuwer 1990; Bednarik and Kandanka
1992) - information that is not made redun-
dant by MRI or clinical examination.

Laboratory measures

If systemic immune dysregulation is an impor-
tant constituent of MS pathogenesis, one
would anticipate that immune parameters in
the peripheral blood or other body fluids
should provide important insights into both
the pathogenetic process and the possible ef-
fect of treatment. Indeed, levels of cytokines or
of mRNA for TNFa, IL-2, IL-6, IL-10, TNFB,
and TGFB have been described to correlate
with phases of disease activity or remission
(Rieckmann et al. 1994; Rieckmann et al.
1995a). Different standards used in different
laboratories and variability of results still pre-
clude the use of such measures outside of con-
trolled settings. The same is true for soluble
receptors such as sTNFR, sIL2R, sICAMl,
VCAM and selectins (Hartung et al. 1993;
Rieckmann et al. 1995). Even more disappoint-
ing were data from CSF studies (Andersson et
al. 1994). Recently, analysis of urine samples
for neopterine has revealed a correlation with
MRI and clinical disease activity (Giovannoni
et al. in press). Raised urine MBP was associ-
ated with a change from relapsing remitting to
secondary progressive disease and may gain
importance as a predictive parameter (Whita-
ker et al. 1995a).

TREATMENTS DIRECTED AT THE
MS DISEASE PROCESS

Depending on the clinical course and the
phase of MS, different possible targets of treat-
ment can be defined.

a) To shorten the duration and improve recov-
ery from acute relapses of the disease.

b) To prevent relapses: if this is not possible,
to delay their occurrence and reduce their
severity.

c) To stop or retard progression of residual
disability/impairment.

d) To improve function of damaged areas of
the CNS (ameliorate conduction, enhance
remyelination).

In patients with relapsing remitting disease
without progression between relapses, (a) and
(b) and perhaps (d) will be ideal treatment tar-

L. Kappos

Table 14.5 Effects of glucocorticoids (CC) possibly
relevant to MS treatment

• Form with intracellular receptor CC-receptor com-
plex which enters the nucleus and acts as
transcription factor, turns on or shuts down other
genes.

• Most immunologically relevant effects are transmit-
ted by interaction with NF-KB, a transcription factor
which regulates many cytokine and cell adhesion
molecule genes by:

direct competitive inhibition of NF-KB,
increased kBa-production (kBa holds NF-KB in
inactive form).

• These complex molecular interactions result in:
reduced expression of adhesion molecules on en-
dothelia and reduced lymphocyte attachment to
endothelial cells —* less perivascular infiltration in
CNS;
inhibition of T cell proliferation and production of
Th1 cytokines (IL-2, TNF-a, IFN--y);
inhibition of immunoglobulin synthesis;
increased release of IL-4, activation of TGF-B
genes (Th2 response).

• Induction of T-cell apoptosis (high dose CC).
• Inhibition of phospholipase A results in decreased

availability of arachidonic acid —» decreased synthe-
sis and release of prostaglandins and leukotriens,
proteolytic enzymes and proinflammatory cytokines
by macrophages and other immune cells.

• Direct effect on CNS tissue function:
improved conduction (ACTH),
increased neuronal regeneration ? (ACTH),
direct antispastic effect (CC)

References: Drews (1990); Marx (1995); Auphan et al.
(1995); Scheinmann et al. (1995); Zettl et al. (1995).

gets. For patients with relapsing progressive or
secondary progressive disease, (c) will be the
most important treatment goal, while (a) and
(b) and of course (d) may also contribute. For
patients with primarily progressive disease, (c)
and (d) would be the appropriate targets.

Treatment of relapses

Since their first use in the late forties, glucocor-
ticoids remain the mainstay of relapse treat-
ment in MS (Troiano et al. 1987; Beer and Kes-
selring 1991; Kupersmith et al. 1994). Both
their antiinflammatory/antiedematous and
their immunosuppressive activities seem to be
important (Table 14.5 Troiano et al. 1987; Beer
and Kesselring 1991). Direct effects on CNS tis-
sue function, especially improved conduction
and perhaps increased neuronal regeneration,
have been ascribed to adrenocorticotrophic
hormone (ACTH), but their relevance for MS
remains unconfirmed (Arnason and Chel-
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micka-Szave 1974; Levin et al. 1974; McEwen
et al. 1986; Funder and Sheppard 1987). Sev-
eral controlled studies have shown that treat-
ment with steroids, either with ACTH or with
glucocorticoids, hastens recovery from MS re-
lapse (Table 14.6; for review see Beer and Kes-
selring 1991; Myers 1992). Usually, the positive
effects of treatment on the clinical status were
no more detectable as compared to controls if
patients were reexamined after 6 or 12 months
(Tourtellotte and Haeven 1965; Rose et al.
1970; Frequin et al. 1994). Therefore most au-
thorities conclude that steroids do not have an
influence on long-term disease prognosis.
Open studies with serial MRI have shown that
high-dose i.v. steroid treatment of acute re-
lapses is followed by accelerated reduction of
gadolinium enhancement (Kappos et al. 1988c;
Burnham et al. 1991; Barkhof et al. 1991, 1992;
Miller et al. 1992). Gadolinium enhancement
may recur in some of the lesions after cessa-
tion of steroids (Burnham et al. 1991; Miller et
al. 1992; Barkhof et al. 1994). The rate of recur-
rence may depend on abrupt discontinuation
versus taper, or on the dosage and duration of
high-dose treatment. In our own study with
0.5 g for 5 days and oral taper, no recurrence
was observed; Barkhof et al. (1994) mention
4% recurrence after a treatment with 1 g for 10
days without taper; Miller et al. (1992) 39% af-
ter 1 g for 3 days. Definite conclusions from
such comparisons are not possible because all
these MRI studies have been without a control
group and with different timing of treatment
and MRIs. No consistent effect on number and
volume of nonenhancing T2 lesions has been
shown after steroid treatment of acute re-
lapse (Kesselring et al. 1989; Barkhof et al.
1994). Whatever the effects of steroids on
blood-brain barrier leakage may be, they do
not seem to influence those parts of the patho-
genetic process that lead to T2 abnormalities.
There is quite definite evidence that low-dose
chronic treatment with either ACTH or oral
steroids does produce significant adverse
events, but that it neither retards progression
nor reduces relapse rate (Millar et al. 1967;
Myers 1992).

A short course of i.v. steroids may also im-
prove neurological symptoms in some second-
ary progressive patients, but this effect is only
minor and does not last for long (Milligan et
al. 1987). The effect in secondary progressive
patients may be related to a direct, possibly
peripheral antispastic, action which has also
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been observed with intrathecal steroid treat-
ment. Intrathecal administration has been fa-
vored by some groups (Neu, 1982; Rohrbach et
al. 1988a, 1988b; Heun et al. 1992). Three or
four intrathecal injections of Triamcinalone
acetonide crystaline suspension have been
found to be superior to oral steroid treatment
in one small double-blind trial (Rohrbach et al.
1988a, 1988b), but comparisons with high-dose
steroids have not been performed. Intrathecal
treatment has been abandoned because of po-
tential hazards and inconvenience to the pa-
tients (Nelson et al. 1973; Bernat 1981).

Direct comparative trials of ACTH and high-
dose i.v. steroids suggest that the latter lead to
more reliable and rapid onset of improvement
with fewer adverse events. This is due to the
fact that adrenal secretion of glucocortico-
steroids in response to stimulation with ACTH
is highly variable, especially in MS patients,
both intraindividually and interindividually
(Maida and Summer 1979; Snyder et al. 1981).
There is no evidence that other adrenal hor-
mones which are also stimulated by ACTH -
besides producing unpleasant side-effects -
have a positive role in MS (Myers 1992). Thus
we may conclude that the use of ACTH and its
analogues should be abandoned as long as the
relevance of their direct effects on nerve con-
duction or regeneration remains poorly sub-
stantiated.

A large North American trial in optic neu-
ritis compared i.v. methylprednisolone 1 g for
3 days followed by oral prednisone 1 mg/kg
body weight for 11 days, with oral prednisone
1 mg/kg body weight for 14 days and placebo,
and included 457 patients with acute optic
neuritis of recent onset (less than 8 days: Beck
et al. 1992). The results (Fig. 14.2) have an im-
portant impact on the use of steroids for treat-
ment of MS relapses in general. In this trial,
oral prednisone was not superior to placebo.
Intravenous methylprednisolone treatment
was accompanied by a higher rate of function
recovery, but at 3 and 6 months results for all
three groups were very similar (see Fig. 14.2).
Interestingly enough, over a period of 2 years,
the number of patients with monosymptoma-
tic optic neuritis who then fulfilled diagnostic
criteria for MS was significantly lower in the
i.v. methylprednisolone group: 10 out of 389 in
the i.v. methylprednisolone group, 19 in the
oral prednisone group, and 18 in the placebo
group. This difference, favoring pulse meth-
ylprednisolone was most pronounced in pa-



Table 14.6 Controlled clinical trials with ACTH and glucocorticoids in MS relapse (adapted from Myers, 1992)

Protocol

60 U i.m. bid x 7 d , then 40 U i.m. bid
x 7 d, then taper over 7 d

Saline placebo

40 U im. bid x 7 d, then 20 U bid x
4 d, then 20 U qd x 3 d

Inert placebo

MP i.v. 20 mg/kg/d x 3d, then 10 mg/g/d
4 d, then 5 mg/kg/d x 3 d, then 1 mg/
kg/d x 5 d

ACTH synthetic 0.5 mg i.v. bid x 15 d

MP 1g i.v. qd x 7 d
ACTH i.m. 60 U, 40 U, 20 U each x 7 d

MP i.v. 15 mg/kg/d x 3 d, then 10 mg/kg/d
x 3 d, then 5 mg/kg/d x 3 d, then 2.5
mg//kg/d x 3 d, then 1 mg/kg/d x 3 d

Placebo

MP 500 mg i.v. qd x 5 d
Placebo

MP 500 mg i.v. qd x 5 d
Placebo

MP 1 g i.v. qd x 5 d
MP 1 g i.v., qd x 1 d

MP 1 g i.v. qd x 3 d
ACTH 40 U i.m. bid x 7 d, then 20 U

bid x 4 d, then 20 U qd x 3 d

MP i.v. 1 g/d x 3 d, then prednisone 1
mg/kg/d x 11 d, 20/mg/d x 15 d, 10
mg/d x 16 and 18 d

Prednisone 1 mg/kg/d x 14 d; 20 mg/d x
15 d, 10 mg/d x 16 and 18 d

Placebo d 1-18

Phase

Relapse

Relapse

Relapse

Relapse

Relapse

Relapse

Relapse
Relapse

Number

Total

22

18

103

94

30

30

14
11

treated

Better

11

4

84

65

21

22

NS
NS

Same

8

7

14

18

9

8

NS
NS

Worse

3

7

5

11

0

0

NS
NS

Comments Reference

Relapse 11 10

Relapse
Relapse
Relapse

Progressive
Progressive

Relapse
Relapse

Relapse
Relapse

acute ON

acute ON

acute ON

10
12
9

13
15

15
17

15
17

151

156

150

4
11
2

6
0

12
0

12
0

80

74

75

6
1
6

7
13

3
14

3
14

NS

NS

NS

0
0
1

2
0

0
3

0
3

NS

NS

NS

Double-blind, randomized. ACTH signif- Miller et al.
icantly better than saline placebo at 3 (1961 b)
weeks.

Double-blind, randomized. ACTH signif- Rose et al.
icantly better than placebo at 1, 2, & (1970)
3 weeks but not at 4 weeks, little justi-
fication for ACTH.

Open, randomized. No significant differ- Abbruzzese et al.
ences at end of treatment or 18 (1983)
months later. MP regarded as useful.

Blind observer, randomized. MP group Barnes et al.
better than ACTH group at 3, 7, & 28 (1985)
days but not at 3 months.

Double blind, randomized. MP signifi- Durelli et al.
cantly better than placebo at end of (1986)
treatment.

Randomized, double blind. MP signifi- Milligan et al.
cantly better than placebo, no long- (1987)
term benefit.

Randomized, double blind. MP signifi- Milligan et al.
cantly better than placebo, no long- (1987)
term benefit.

Open, randomized, 5 days effective, 1 Bindoff
day not effective. (1988)

Double blind, randomized, no significant Thompson et al.
differences at 3, 7, 14, 18, or 84 days (1989)
except fewer adverse effects with MP.

Randomized, partially blinded. MP Beck et al.
group significantly higher rate of re- (1992, 1993)
covery at day 4, 15, month 1 and 6.
Prednisone and placebo equal. Lower
rate of conversion to MS with MP at 2
years.
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1.00-1

Day
0
4

15
30
49
91

133
180

Methyl.
151
148
125
75
60
48
36
30

Plac.
149
144
137
119
85
56
48
39

Pred.
156
151
139
98
74
61
48
39

Methylprednisolone
Placebo
Prednisone

°~h—i—i—i—i—i—i—i—i—i—i—i—i
04 15 30 49 91 133 180

Fig. 14.2. Optic neuritis study (Beck et al. 1992). Life-
table analysis showing cumulative rates of recovery of
normal visual function over the 6-month follow-up pe-
riod, according to treatment group. The number of pa-

Day of study

tients in each treatment group without recovery to nor-
mal before each visit is shown. Methly., methylpred-
nisolone; Plac, placebo; Pred., prednisone.

Table 14.7 Optic neuritis treatment trial: cumulative percentage of patients
with clinically definite MS by treatment group (Beck 1995)

Time period

6 months
1 year
2 years
3 years
4 years*

i.v. MP
(n = 134)

3.1
6.4
8.1

17.3
24.7

Placebo
(n = 126)

7.4
13.4
17.7
21.3
26.9

Oral prednisone
(n=129)

7.2
10.5
15.6
24.7
29.8

*Follow-up not complete.

tients with higher numbers of hyperintense le-
sions in T2-MRI scans at presentation (Beck et
al. 1993). Although this putative preventive ef-
fect on the occurrence of further episodes of
demyelination was nearly lost in the third year
of follow-up (Table 14.7; Beck 1995), this obser-
vation may encourage early and perhaps less
stringent indication of i.v. methylprednisolone
in MS relapses.

The potential benefits of treatment with i.v.

steroids (modest but reproducible relief of
acute symptoms, putative preventive effect)
must be weighed against the side-effect profile
of such treatment. Side-effects are usually mild
and transient, most being related to the physi-
ological effects of this hormone. It appears that
use of short courses of high-dose steroids has
even reduced the incidence of steroid-typical
side-effects (Lyons et al. 1988; Myers 1992). Se-
rious complications of high-dose i.v. steroids
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are fortunately very rare: epileptic seizures in
patients at risk; aseptic bone necrosis (which
seems to be much less frequent than in pa-
tients receiving pulse steroid treatment for
other indications, where an incidence of up to
1% has been reported); and anaphylactic reac-
tions. Cardiac arrests not related to allergic re-
actions have been reported, but only after
rapid injection. Although the risk of ulceration
of the gastrointestinal tract may have been
overestimated (Spiro 1993), many neurologists
prescribe a H2-receptor antagonist prophylac-
tically when treating patients with high-dose
steroids. The use of oral hydroxy vitamin D
and calcium supplementation has been pro-
posed as a prophylaxis of steroid-induced os-
teoporosis, but should only be considered in
patients at risk or in the case of repeated or
prolonged steroid courses. We usually pre-
scribe low-dose benzodiazepine for a few days
in order to treat steroid-related insomnia and
restlessness. As long as the optimum dosing
regimen of pulse treatment has not been estab-
lished, we administer either 1 g per day for 3
days or 0.5 g methylprednisolone or equiva-
lent for 5 days, preferably in the morning, fol-
lowed by oral steroids (prednisone or equiva-
lent) for 14 days (approximately 1 mg/kg b.wt).
If at the end of high-dose treatment no satis-
factory response is achieved, pulse treatment
may be prolonged or repeated for another 3 to
5 days. From the endocrinologic point of view,
a taper would not be necessary as the hy-
pothalamic-pituitary-adrenal axis recovers
within 120 hours after a 5-day course of high-
dose steroids (Myers 1992; Wenning et al.
1994). Although there have been no compara-
tive trials with and without oral taper of pred-
nisone, observations with serial gadolinium-
enhanced MRI and in EAE (Reder et al. 1994)
suggest that an oral gradual taper during 2 to 4
weeks after high-dose i.v. steroids would be
the preferred option (see p. 153).

It is not always easy to distinguish a relapse
from fluctuations due to intercurrent illness
(usually infection with or without fever, some-
times depression, or even increased dosage of
antispastic agents which results in weakness).
The decision may be especially difficult if the
relapse is not characterized by new symptoms,
but by worsening of already apparent com-
plaints. In such cases, a MRI scan showing re-
cent inflammatory activity with contrast-en-
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hancing lesions may help; but MRI activity
alone should not be the deciding factor for
treatment.

There are still several questions regarding
steroid treatment that should be answered by
means of controlled trials:
What is the best dosage and treatment sched-

ule?
Could i.v. treatment feejreplgced by equivalent

oral doses? (Alam et al. 1993.)
What is the impact of repeated courses of i.v.

steroids on relapse rate and disease pro-
gression? Preliminary evidence shows that
such treatment may be well tolerated, but
data on efficacy do not seem to be over-
whelming.

Is the time to the next relapse in patients
treated with i.v. steroids longer as compared
to placebo? The optic neuritis study by Beck
et al. provides evidence that this could be
the case in the setting of isolated optic neu-
ritis, but we do not know if it applies also to
established disease.

What is the effect of repeated relapse treat-
ment with i.v. steroids as compared to pla-
cebo treatments?

Other agents

Antiedematous treatment with mannitol may
produce an improvement of neurological func-
tion in patients with MS (Stefoski et al. 1985).
The effect is transient and such treatment has
not been widely used. Recently, a trial with an
inhibitor of platelet activating factor (ging-
kolide B) failed to demonstrate any advantage
as compared to placebo in the treatment of
acute relapses (Brochet et al. 1995). Blockade of
cell adhesion molecules, administration of
metalloprotease inhibitors (Leppert et al.
1995a, 1995b) or antagonists of proinflamma-
tory cytokines (Debets and Savelkoul 1994)
theroretically should have a therapeutic effect
in relapses, but have not yet entered clinical
practice.

Treatments aimed at reducing relapse rate
and halting progression

Treatments aimed at reducing relapse rate and
those that are intended to halt progression are
discussed together because there is significant
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Table 14.8 Agents aimed at reducing relapse rate and
halting progression

Nonselective immunosuppressants (cytostatic
agents)

azathioprine
methotrexate
cyclophosphamide
mitoxantrone
cladribine

Selective immunosuppressants/immunomodulators
Chemically defined substances

cyclosporine
rapamycin
FK5O6
15±deoxyspergualin (DSG)
linomide

Cytokines and cytokine antagonists
IFN-p-ib and IFN0-1a
other IFN (a, a>)
TNF-a antagonists
TGF-P

Monoclonal antibodies against T-cell subpopula-
tions, activation markers

Various: plasma exchange; high-dose Ig

Activation of endogenous regulatory circuits
CoP-1, altered peptide ligands
oral myelin
T-cell vaccination

overlap, although both the results of recent
therapeutic trials and knowledge about the
pathogenesis of the disease indicate that effi-
cacy regarding relapse rate does not imply effi-
cacy regarding progression, and vice versa
(McDonald et al. 1994). Table 14.8 gives an
overview of the substances discussed in this
chapter. It must be kept in mind that the use
of immunosuppressive and immunomodulat-
ing agents is based on more or less detailed
hypotheses on the role of autoimmune pro-
cesses in MS pathogenesis. As long as these
hypotheses are not beyond doubt, treatment is
at least partly empirical. On the other hand,
evidence of efficacy or inefficacy of certain
treatments may help to elucidate the patho-
genesis of the disease.

Nonselective immunosuppressants

Nonselective immunosuppressants act mainly
through their antiproliferative cytostatic action
and reduce the pool of possibly autodestruc-
tive immune cells, but also, at least to some
extent, "normal" or counterregulating immune
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cells. Some selectivity is achieved by the high-
er vulnerability of rapidly proliferating cells
and by still poorly understood differential ef-
fects on some immune cell subpopulations.

Azathioprine

The immunosuppressant drug most commonly
used in MS has been azathioprine. Its main
metabolite 6-mercaptopurine is a purine antag-
onist that acts as an S-phase-specific anti-
metabolite. The exact mode of its immunosup-
pressive activity is not yet completely clear
(Oger et al. 1982; Spina 1984; Elion and Hitch-
ings 1990). It has a wide range of effects, par-
ticularly on T-cell function. It is assumed that
it acts mainly on rapidly proliferating imma-
ture cells of the immune system, whereas ma-
ture cells are less susceptible (Spina 1984; Kap-
pos et al. 1989). Since its first use in MS
patients (Aimard et al. 1966), several uncon-
trolled and a few controlled studies have been
reported. For more comprehensive reviews,
the reader is referred to Kappos (1990), Yudkin
et al. (1991), and Hughes (1992). As shown in
the metaanalysis of controlled trials by Yudkin
et al., there is a significant but minor reduction
of relapse rate after 2 to 3 years of treatment as
compared to placebo, and also a slight reduc-
tion of progression as measured with the EDSS
(about 0.2 units over 2 years). This small bene-
fit, which is smaller than the variation which
may occur in some patients during a day,
seems not to be clinically relevant. On the
other hand, such a difference, if it were sus-
tained for several years, might gain impor-
tance in a chronic disease like MS. The proof
for such long-term efficacy would be prospec-
tive controlled studies over 10 or even more
years, which do not seem to be feasible. In a
matched-pairs comparison of azathioprine and
no immunosuppressive treatment over 10
years, we found evidence supporting an im-
portant long-term effect of azathioprine treat-
ment, but the results are compromised by the
retrospective design and possible bias in the
selection of patients treated (Kappos et al.
1990b). No conclusive studies on changes in
serial MR scans are available. Several ques-
tions concerning azathioprine in MS await an-
swers from prospective controlled studies:

Could the modest effect be better with early
treatment?
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What is the relative efficacy as compared to
IFN-P?

Would azathioprine be a suitable partner in
combination, for example, with IFN-B?

Side-effects. About 10% to 20% of patients have
gastrointestinal intolerance which precludes
long-term treatment with this drug. Regular
(weekly, then monthly) blood tests are neces-
sary because of possible leukopenia (Ventre et
al. 1985; Kissel et al. 1986). As with every ef-
fective immunosuppressant, increased suscep-
tibility to infections may occur, but is only
rarely a problem in patient management. With
the exception of one report of Lhermitte et al.
(1984), several long-term observations (some-
times more than 10 years) have not substanti-
ated an increased risk of malignancy in MS pa-
tients treated with azathioprine (WHO 1981;
Kappos et al. 1985; Kappos 1990). The only ex-
ception could be malignant lymphoma. Data
from transplantation or treatment of rheuma-
toid arthritis are not directly applicable to MS
because of disease-specific and treatment-spe-
cific confounding variables (Kinlen 1985; Penn
1986).

The dosage recommended is 2.5 mg/kg b.wt
per day. After 3 to 6 months of treatment, ei-
ther a slight leukopenia or an increase of mean
cellular volume (MCV) of the erythrocytes (2
10% from baseline) should occur (Wickrama-
singhe et al. 1974; Haas and Patzold 1982; Wit-
te et al. 1986). If this is not the case, a dosage
increase should be considered. The macro-
cytosis is not related to vitamin B12 deficiency,
but may be a slight sign of liver toxicity.

Methotrexate

The long-known cytostatic agent methotrexate
is a potent inhibitor of dihydrofolate reduc-
tase, with consequent effects on folate-requir-
ing reactions in the biosynthesis of thymidilate
and purines. It has a relatively selective action
on DNA synthesis and inhibits replication and
function of both T and B cells. Stimulated by
positive results with low-dose methotrexate
(7.5 mg given once a week) in rheumatoid ar-
thritis (Kremer et al. 1994; Markham and
Faulds 1994), two small studies have recently
been conducted. While the first pilot study
failed to show any effect in chronic progressive
disease and found only a tendency favoilng
treatment in relapsing remitting disease (Cour-
rier et al. 1993), the second study by Goodkin
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et al. (1995), which included 60 patients (18
primary progressive, 42 secondary progres-
sive), used a sensitive composite measure of
disability (EDSS, ambulation index, upper ex-
tremity function), and found a significantly
lower rate of progression. Fifty-two percent of
the 31 methotrexate-treated versus 83% of the
29 placebo-treated patients reached the prede-
fined criteria for treatment failure in one of the
parts of this composite measure for two exam-
inations separated for more than 2 months (p
= 0.01). If only the EDSS had been used - as
in most other studies - only a trend favoring
methotrexate-treated patients would have
been detectable. Also here, the modest effect
must be weighed against possible side-effects
such as hepatic fibrosis or even cirrhosis, and,
rarely, nonseptic pneumonias. Preliminary ev-
idence suggests that folate supplementation
could decrease the side-effects without com-
promising the immunosuppressive activity of
the drug (Shiroky et al. 1993; Morgan et al.
1994). Before the use of this drug is recom-
mended in MS, further controlled studies are
necessary.

Cyclophosphamide

Cyclophosphamide is a well-known alkylating
agent, which is activated by the hepatic cyto-
chrome P450 system. Its active metabolites
crosslink DNA and preferentially kill rapidly
dividing cells, including lymphocytes (Lando
et al. 1979; Kovarsky 1983; Hengst and Kempf
1984; Miyawaki et al. 1984). Most studies in
MS have been conducted with dosages of up
to 8 g given i.v. over periods of 10 to 20 days
with the intention of inducing moderate leuko-
penia (Hommes et al. 1975; Gonsette et al.
1977; Hauser et al. 1983). This treatment was
in most cases combined with ACTH or glu-
cocorticoids. While most open uncontrolled
and several single-blinded randomized studies
show a reduction of disease progression, after
a few months the disease starts to progress
again (Weiner et al. 1993). The Canadian Co-
operative Multiple Sclerosis Study Group
(1991) compared i.v. cyclophosphamide (1 g
every other day until white blood cells fell be-
low 2000 cbmm, on average 5 g), oral pred-
nisone (40 mg for 16 days) with oral cyclo-
phosphamide (1.5 to 2.0 mg/kg b.wt per day
for 22 weeks), oral prednisone for 22 weeks,
weekly plasma exchange for 20 weeks, and
placebo including sham plasma exchanges. No
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significant differences were observed between
the groups throughout the 2-year study pe-
riod. There was a (nonsignificant) tendency to-
wards better results in the active treatment
groups in the first 6 to 12 months, but in the
second year this was reversed. Overall, pro-
gression in the placebo group was rather low,
although patients were selected for pro-
gression of at least 1 point in the EDSS in the
year before randomization. Side-effects of cy-
clophosphamide treatment are significant, in-
cluding transient alopecia, hemorrhagic cys-
titis, amenorrhea, oligospermia, as well as
nausea and vomiting. Longterm risks are carci-
noma, especially of the bladder (Pederson-
Bjergaard et al. 1985; Samra et al. 1985; Baltus
et al. 1990). In order to improve the tolerability
of the treatment, Mauch et al. (1989) have used
lower dosages (8 mg/kg body weight every 4
days until lymphocyte count was reduced by
50% of the initial value). The reported positive
effects with this and similar regimens (Good-
man et al. 1990) in nonrandomized trials await
further confirmation.

In conclusion, there is little evidence that the
potential benefit could outweigh the hazards
of cyclophosphamide treatment.

Mitoxantrone

Mitoxantrone is an anthracycline derivative
with much less cardiac toxicity than dox-
orubicin (Henderson et al. 1989; Faulds et al.
1991). It stimulates the formation of strand
breaks in DNA, mediated by topoisomerase II.
It also intercalates with DNA. It inhibits B-cell
proliferation both directly and by effects on
macrophages. In T-cell compound, CD4 cells
seem to be inhibited, while suppressor activity
is not affected or even augmented (Fidler et al.
1986a; 1986b). Several preliminary open
studies have shown stabilization of secondary
progressive MS using dosages of 10 to 15 mg/
m2 body surface every 3 to 4 weeks for 3 to 6
months (Gonsette and Demonty 1989; Kappos
et al. 1990a; Mauch et al. 1992; Noseworthy et
al. 1993). In most of these studies, a pro-
nounced effect on contrast enhancement in se-
rial MRIs was observed (Kappos et al. 1990a;
Noseworthy et al. 1993; Krapf et al. 1995). An
early phase II French randomized study in-
cluding 42 patients with very active secondary
progressive disease confirmed these findings,
comparing monthly methylprednisolone with
monthly methylprednisolone plus 20 mg mitox-
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antrone for 6 months (Edan et al. 1995). A Eu-
ropean multicenter controlled study including
191 patients compares placebo with two dos-
ages of mitoxantrone given every 3 months for
2 years (12 mg/m2 and 5 mg/m2). While the
acute toxicity compares favorably with cyclo-
phosphamide (fewer gastrointestinal side-ef-
fects, nearly no alopecia), cumulative dosages
of 130 to 160 mg/m2 are associated with an in-
creased risk of cardiotoxicity (Janmohammed
and Milligan 1989). Patients having mitox-
antrone treatment should be closely monitored
for cardiotoxicity (Villani et al. 1989). Pro-
longed amenorrhea has also been reported
(Shenkenberg and Von Hoff 1986; Noseworthy
et al. 1993). At present, treatment with mitox-
antrone could be considered in ambulatory
patients with active secondary progressive dis-
ease, but should be reserved to centers experi-
enced in immunosuppressive treatments of
MS.

Cladribine

Cladribine is a purine analogue which is re-
sistant to intercellular metabolism (Beutler
1992). It has a relative specificity for lympho-
cytes, inducing apoptosis, and seems to be
equally effective against dividing and resting
cells (Plunkett and Saunder 1991). Sipe et al.
(1994) conducted a double-blind matched
crossover study involving 51 patients with
progressive MS and comparing four monthly
treatments with cladribine (0.7 ml/kg b.wt i.v.
through an indwelling central catheter) with
placebo. They described a significant differ-
ence, favoring active treatment both for quan-
tified neurological function and gadolinium-
enhancing lesions in MRI. A double-blind
placebo controlled trial has now started in the
U.S. and Canada, using a more feasible sub-
cutaneous application of the drug (Lilemark et
al. 1992; Sipe et al. 1995). Until the results of
this study are available, treatment with cladri-
bine should not be given outside of clinical
studies. Profound and longlasting bone mar-
row suppression is the main adverse effect
(Beutler et al. 1994).

Total lymphoid irradiation

While a study by Cook et al. (1987) found re-
duced progression as compared to placebo
with total lymphoid irradiation according to a
protocol which is used in the treatment of
Hodgkin's disease, a recent study by Wiles
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(1994) using the same treatment regimen failed
to show any significant clinical benefit in the
treated group.

Selective immunosuppressants/
immunomodulators

Chemically defined substances

The chemicals to be discussed in this section
have less of a generalized cytostatic activity
and act by functional inhibition of certain
categories of immune cells rather than by de-
creasing their numbers. The first drug in this
category, cyclosporin A, was investigated exten-
sively in three multicenter controlled studies,
two comparing cyclosporin A with placebo
(Rudge et al. 1989; The Multiple Sclerosis
Study Group 1990), one with azathioprine
(Kappos et al. 1988a, 1988b). As compared to
azathioprine, no advantage was found regard-
ing clinical efficacy, but there was a twofold
increase in side-effects. As compared to pla-
cebo, a very modest effect was found, but also
significant toxicity. At least as a single agent,
cyclosporin does not have a place in the treat-
ment of MS. FK506 (tacrolimus) has a similar
mode of action. It suppresses the expression of
proinflammatory cytokines such as IL2 and
IFN-"y (Macleod and Thompson 1991; Sigal and
Dumont 1992). No conclusive evidence about
its usefulness in MS is available (Bolton 1992).
Rapamycine interferes with growth factor and
cytokine production during the phase between
activation and proliferation of T-cells (Sigal
and Dumont 1992). A potent synergistic effect
with other immunosuppressants has been de-
scribed, but its potential usefulness in MS has
not yet been tested.

15±Deoxyspergualine (DSG) acts later in the
immunological cascade. The substance inhibits
maturation of antibody-secreting B- and cyto-
toxic effector T-cells (Nishimura and Tokunaga
1989; Morris 1991; Nadler et al. 1992); without
having an effect on activation marker expres-
sion or proliferation, it functionally inhibits
CD4-positive T cells (Jung et al. 1994). Its effect
on macrophages is controversial. Two double-
blind placebo controlled studies started in 1992
and were completed at the end of 1995 (Kap-
pos et al. 1992, 1996). Although the final eval-
uation of these studies is not yet available,
interim results concerning change of gado-
linium-enhancing lesions in monthly MRIs and
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also T2 lesion volume did not show significant
differences, although the rate of clinical pro-
gression tended to be lower in the active treat-
ment groups.

Linomide is a synthetic immunomodulator
(quinoline-3-carboxamide) which enhances na-
tural killer cell activity and activates some lym-
phocyte subpopulations in experimental ani-
mals and humans (Karussis et al. 1993a;
1993b). In addition, it interferes with antigen
presentation. Two small studies with about 30
patients have been conducted, one with sec-
ondary progressive, the other with relapsing
remitting disease (O. Anderson: personal com-
munication; Karussis et al. 1995). A slight clini-
cal improvement was observed, and also less
active inflammation in the MRIs performed.
Two controlled studies, including about 300 to
400 patients each, started in January 1996 to
compare linomide with placebo in secondary
progressive disease and in relapsing remitting
disease.

Cytokines and cytokine antagonists

There is increasing evidence that cytokines
play a crucial role in the evolution of the MS
lesion (Kirk 1991; Olsson 1994; Cannella and
Raine 1995; Weber and Rieckmann 1995). The
cytokines most extensively investigated in MS
are the interferons.

Interferon p

Mode of action of interferon p. The use of IFN-p
in MS is another paradigm of how clinical ther-
apeutic research may stimulate basic science,
which then hopefully will help to accelerate
therapeutic progress (Panitch 1992; Jacobs and
Johnson 1994). Although two controlled thera-
peutic studies have demonstrated a partial
benefit to patients with relapsing remitting MS
by treatment with recombinant IFN-p, we are
still lacking a widely accepted explanation for
the observed effects. At the molecular level
(Farrar and Schreiber 1993; Johnson et al. 1994;
Weinstock-Guttman et al. 1995), it is now clear
that IFN-p binds to a specific membrane recep-
tor. This binding activates intracellular ty-
rosine kinases and janus kinases, which phos-
phorylate STAT molecules (signal transducers
and activators of transcription), which then -
together with another protein - induce mes-
senger RNA transcription in the cell nucleus.
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How this results in an effect in MS is still un-
known, but clinical immunological investiga-
tions provided evidence that IFN-p antago-
nizes IFN--y effects. It downregulates MHC
class II gene products, suppresses IFN-"y syn-
thesis by T-cells, reduces lipopolysaccharide
receptor expression on monocytes and macro-
phages, and downregulates inflammatory me-
diator production by macrophages (Arnason
and Reder 1994; Goodkin 1994; Weinstock-
Guttman et al. 1995). In addition, IFN-p inhib-
its T-cell proliferation and restores suppressor
T cell function, mainly by shifting the balance
towards T-helper 2 (Th2) type responses.
Blood-brain barrier permeability is also de-
creased. The available evidence argues against
the relevance of virostatic activity, which was
the initial rationale behind testing interferons
in this disease (Arnason and Reder 1994).

Table 14.9 gives an overview of the available
IFN-p preparations. Other interferons, espe-
cially recombinant IFN-a-2a and EFN-oo, may
also have a place in the treatment of MS. Re-
combinant IFN-a-2a was studied in a small trial
with 20 patients and seems to have effects sim-
ilar to IFN-p-lb (Durelli et al. 1994). More pro-
nounced neurological or neuropsychological
side-effects may decrease its value. Inter-
feron-o), which seems to have a profile some-
where between IFN-p and EFN-a, has not yet
entered phase II studies in MS (Adolf 1995).

Interferon p-lb

In summer 1993, 14 years after the first pilot
study by Jacobs et al. (1982; 1994) with human
fibroblast IFN-p given intrathecally to MS pa-
tients, recombinant IFN-fi-lb was the first drug
to be approved by the FDA for the treatment
of relapsing-remitting MS. The decision was
based on the results of a 2-year study includ-
ing 372 patients, randomized to treatment with
placebo or two different dosages of recombi-
nant IFN-p-lb (Betaseron®, 1.6 million IU or 8
million IU s.c. every other day) (Paty et al.
1993; The IFN-p Multiple Sclerosis Study
Group 1993). In the high-dose group, the an-
nual relapse rate over 2 and 3 years was signif-
icantly lower than with placebo (0.84 versus
1.27). Also, severity of relapses, time to first
and second relapse, or number and duration
of hospitalizations favored the high-dose
group. Comparison of annual MRIs showed
that after 3 years, placebo-treated patients had
an increase of 20% in the lesion area, whereas
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the lesion area remained unchanged in the 8
Mio IU group. Only a trend favoring the high-
dose group but no significant difference from
placebo was found regarding change in dis-
ability as measured by the EDSS. The 4- to
5-year follow-up of the patients essentially
confirmed the results of the first 2 to 3 years
(The IFN-p Multiple Sclerosis Study Group,
The University of British Columbia MS/MRI
Analysis Group 1995). After a median follow-
up of 46 (placebo) and 48 (8 million IU)
months, 46% of the placebo patients and 35%
of the patients in the high-dose treatment arm
had reached confirmed progression (persistent
increase of 1 or more EDSS steps, confirmed
on two consecutive evaluations separated by at
least 3 months). Side-effects of the treatment
were local reactions at the injection site, flue-
like symptoms, mild lymphopenia, and liver
enzyme increase. Fluelike symptoms after in-
jection decreased from 52% initially to 8% after
1 year of treatment. Injection site reactions de-
creased less (from 80% initially to about 50% at
years 4 and 5). Injection site necrosis occurred
in about 1% to 3% of the patients at some
time. A matter of concern was the develop-
ment of neutralizing antibodies to IFN-p-lb in
38% of the patients (The IFNB Multiple Scle-
rosis Study Group, The University of British
Columbia MS/MRI Analysis Group 1995).
Once patients developed neutralizing anti-
bodies, their exacerbation rate approached that
found in the placebo group. Although this
analysis is retrospective, it is very probable
that neutralizing antibodies do have a clinical
significance and may abrogate the favorable ef-
fects of IFN-p treatment.

Interferon p-la

Results of a second multicenter trial, including
301 patients with relapsing remitting MS, have
been presented Jacobs et al. 1994; 1995). This
study compared recombinant mammalian cell-
line-derived glycosylated IFN-p-la, 6 Mio IU
given i.m. once a week for 2 years, and pla-
cebo. The main efficacy parameter was pro-
gression of EDSS by 1 point, persisting for at
least 6 months. Twenty-two percent of the
IFN-p-la-treated and 35% of the placebo-
treated patients reached this endpoint during
the 2-year treatment period. The difference
was statistically significant. The annual relapse
rate over 2 years was also significantly lower in
the treated group (0.62 versus 0.9). The num-



Table 14.9 Overview of IFN-fi preparations

Preparation

rIFN-B-ib

rlFN-B-1a

rlFN-B-1a

nIFN-p

Brand name

Betaseron®
(Berlex)

Betaferon®
(Schering)

Avonex®
(Biogen)

Rebif®
(Serono)

Frone
(Ares-Serono)

Cellular
source

£. coli

CHO (Chinese hamster
ovary cells)

CHO (Chinese hamster
ovary cells)

Natural (human) fibro-
blast

Chemical
description

165 amino acids (ser-17
instead of cys-17, no
N-terminal methio-
nine)

166 amino acids (se-
quence identical to
human)

166 amino acids (se-
quence identical to
human)

166 amino acids (se-
quence identical to
human)

Glycosylation

+

+

+

Recommended
dosage/route

8 MIU every other day
s.c.

6 MIU every week i.m.

—

Other dosages
under investigation

5 MIU/m2 every other
day s.c.

12 MIU every week
i.m.

6 MIU every week s.c.
6 MIU 3 times/week

s.c.
12 MIU 3 times/week

9 MIU 3 times/week
s.c.
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ber and area of gadolinium-enhancing lesions
on annual Ti-weighted MRIs were also signifi-
cantly lower in the IFN-treated group, whereas
lesion area in unenhanced scans did not show
statistically significant differences to placebo.
Reported side-effects were well tolerated by al-
most all patients; injection site reactions were
minimal. The reported incidence of neutraliz-
ing antibodies was 22% at 2 years.

Three smaller studies that looked at gad-
olinium-enhancing MRIs as the primary end-
point have also been presented. One study
with 12 relapsing remitting MS patients com-
pared serial monthly gadolinium MRIs before
and after treatment with 8 Mio IU IFN-p-lb
(s.c. every other day) and found a significant
reduction of the number of enhancing lesions
(Stone et al. 1995).

The second study, with 68 relapsing remit-
ting MS patients (Fieschi et al. 1995), com-
pared a 6-month run-in period with monthly
gadolinium MRIs to a 6-month treatment pe-
riod with either 3 or 9 Mio IU recombinant
IFN-p-la (Rebif) (s.c.) on 3 days per week. The
number of gadolinium-enhancing lesions was
reduced by 49% and 73% respectively.

The third study by Fernandez et al. (1995)
included 58 patients; 29 were treated for 12
months with 9 Mio IU natural IFN-p (Frone) 3
days per week s.c, while the other 29 patients
had a 6-month waiting period and were then
treated with the same dosage for 6 months.
Also here, a reduction of gadolinium-enhanc-
ing lesions was demonstrated. In these two
studies, the reported side-effect profile resem-
bled that of the initial Betaseron study.

In summary, these studies demonstrate that
recombinant IFN-p is definitely not a cure for
MS. But both IFN-p-lb and IFN-p-la have a
gradual effect on relapse rate, and also a per-
ceivable effect on accumulating disability/im-
pairment in patients with relapsing remitting
disease. If this effect is really sustained over
longer periods, the advantage to the patients
would be significant.

At present, it is not clear if the favorable ef-
fects observed in relapsing remitting patients
may also be found in secondary progressive
MS. This is the reason why rIFN-p treatment is
only recommended for ambulatory patients
with a relapsing remitting course of their dis-
ease and one or more exacerbations per year
(The Quality Standards Subcommittee of the
American Academy of Neurology 1994). Two
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placebo controlled studies involving 700 and
projected 800 patients are investigating the
role of recombinant IFN-p-lb in secondary
progressive MS (Polman et al. 1995). Another
study, including more than 600 patients, is in-
vestigating the role of recombinant IFN-p-la
(Rebif)/ also in secondary progressive MS
(Sandberg-Wollheim et al. 1995). Another is
comparing IFN-p-la, 6 Mio IU s.c. once a
week, with placebo in patients with a first epi-
sode suggestive of MS (Comi et al. 1995).

The optimal dosage and root of administra-
tion have not yet been established. Experimen-
tal evidence suggests that even oral IFN treat-
ment could be feasible (Brod and Burns 1994).
Comparative trials will be necessary in order to
confirm this, and also to find out if IFN-p-lb or
IFN-p-la should be preferred. The role of neu-
tralizing antibodies and possible strategies to
prevent their occurrence must be assessed in
the near future. Existing evidence also fails to
answer the question of how long treatment
with IFN-p should be continued.

Other cytokines

Tumor necrosis factor-a (TNF-oe) is regarded as a
key player in inflammation and demyelination
in the MS lesion (Selmaj et al. 1991; Vassalli
1992). Several agents that counteract its activ-
ity or inhibit its production, such as pentox-
ifylline, a xanthine derivative (Nataf et al.
1993; Myers et al. 1995), rolipram, a selective
type IV phosphodiesterase inhibitor (Sommer
et al. 1995), or soluble TNF receptor, are cur-
rently being investigated.

Transforming growth factor-^ (TGF-P) and re-
combinant interleukin 10, both antiinflamma-
tory downregulatory T-helper-2 cytokines, are
also promising agents which are entering
phase I and II studies (Moore et al. 1993; Rowe
1994; Calabresi et al. 1995; Skias and Reder
1995).

Monoclonal antibodies against T-cell sub-
populations and activation markers

It is tempting to try selectively to eliminate
specific players in the immune network with
specific monoclonal antibodies (Weiner et al.
1986; Hafler et al. 1988; Waldmann 1992). Side-
effects of such treatment, especially sensihza-
tion against xenogenic immunoglobulin, have
been reduced by the introduction of human-
ized or chimeric antibodies, composed of hu-



164

man immunoglobulin constant region coupled
to a murine variable region. Small uncon-
trolled studies (Lindsey et al. 1994; Moreau et
al. 1994) have been published which describe a
positive effect on serial gadolinium-enhanced
scans. The only double-blind controlled study
with chimeric anti-CD4 antibodies, including
approximately 80 patients (Miller et al. 1995),
did not show any significant benefit as com-
pared to placebo regarding gadolinium en-
hancement and also clinical parameters, al-
though a profound and lasting reduction of
CD4 cells was achieved. Other more specific
targets of monoclonal antibodies are certain ac-
tivation markers, adhesion molecules, or cyto-
kines such as TNF-a. Studies with such anti-
bodies have been conducted in rheumatoid
arthritis (Elliott et al. 1994a, 1994b) and are en-
tering phase I studies in MS.

Various approaches

Plasma exchange. There is some evidence from
controlled studies that plasma exchange may
improve and hasten recovery in acute relapses
of MS (Warren et al. 1982; Weiner et al. 1989).
The results were not impressive and would
usually not justify the risks and expense asso-
ciated with this procedure (Rostami 1991).

Intravenous immunoglobulin. There are two pos-
sible ways that i.v. immunoglobulin could ex-
ert therapeutic effects in MS: through immu-
nomodulation, which would result in reduced
relapse rates and perhaps less disease pro-
gression, and by a direct effect that promotes
remyelination. Both are supported more by
data from animal experiments and mostly un-
controlled evidence in MS (Rothfelder et al.
1982; Achiron et al. 1992; Tenser et al. 1993).
Controlled studies have already started or are
in preparation (Noseworthy et al. 1994b,
1994c).

Activation of endogenous regulatory circuits

Copolymer 1 (CoP-1) is a synthetic polypeptide
prepared from L-alanine, L-glutamic acid,
L-lysine, and L-tyrosine. It was initially pro-
duced to mimic the antigenic properties of
MBP, but was then found to downregulate ex-
perimental autoimmune encephalomyelitis
and to inhibit MBP-specific murine and also
human T-cell lines ("increase suppressor activ-
ity") (Bornstein et al. 1982; Bornstein and John-

L. Kappos

son 1992). Recent data suggest that CoP-1 may
bind directly to MHC class II receptor and in-
hibit binding or even displace MBP peptides in
the trimolecular complex (Schroth et al. 1992;
Teitelbaum et al. 1992). Three controlled stud-
ies have been performed with this substance.
Bornstein et al. (1987) included 49 exacerbating
remitting patients in a 2-year trial. The group
treated with CoP-1 (20 mg s.c. every day) had
statistically fewer exacerbations. In a second
study (Bornstein et al. 1991), including 106 pa-
tients with chronic progressive disease, there
was a trend favoring CoP-1 but no significant
difference compared to placebo. In the third
study, including 251 patients with relapsing
remitting disease and an EDSS score of 1.0-
5.0, a significant decrease of the annual re-
lapse rate over 2 years was observed (0.84 pla-
cebo versus 0.59 CoP-1; see Fig. 14.3). There
was also a statistically significant difference in
the number of patients having worsened by
one or more grades in the EDSS from baseline
to month 24 (see Fig. 14.4). No conclusive data
from serial MRIs are available. The treatment
was well tolerated; some injection site reac-
tions occurred, but they were less pronounced
than with IFN-0-lb. About 15% of the CoP-1-
treated patients had a transient selflimited
"systemic reaction," which consisted of chest
pain or tightness with or without anxiety,
flushes, sweating, palpitation, or perceived diffi-
culty with breathing. The favorable effect of the
treatment was more pronounced in patients
with low disability at entry (Wolinsky 1995).

Oral tolerance

Evidence from EAE has shown that oral ad-
ministration of a putative autoantigen such as
MBP elicits T-helper 2-type responses in gut-
associated lymphoid tissue (Brod et al. 1991;
Weiner et al. 1994). The generated regulatory
cells seem to have a site specificity depending
on the ingested autoantigen (e.g., with col-
lagen being orally administered, regulatory
cells migrate to the joints; with a CNS antigen
like MBP, they migrate to the CNS, where
they release suppressive cytokines such as
TGF-p and interleukin 4; Miller et al. 1991a;
1991b; 1993). The suppression is not specific
for the autoantigen that was given orally, but
also for other proteins from the target tissue.
For example, in EAE it was possible to sup-
press proteolipid protein-induced disease by
feeding MBP. After an inconclusive pilot trial
in MS (Weiner et al. 1993a), a multicenter con-
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Fig. 14.3. Annual relapse rate of 2 years in recent
controlled studies in relapsing-remitting MS patients.
'Jacobs et al. (1995): only patients with a complete fol-
low-up of 2 years included. 2The IFN-|3-1b Multiple
Sclerosis Study Croup (1993): only 8 million IU and
placebo groups with complete 2-year data included.
'Johnson et al. (1995). "British and Dutch: the study in-

cludes about 35% of patients with (mainly secondary)
progressive course. 5Kappos et al. (1988a). About 30%
with (mainly secondary) progressive course. No infor-
mation is available about prestudy relapse rate. PS, pres-
tudy, both treatment groups; PL, placebo. (Adapted
from Kappos (1995), with permission.)

trolled trial is now underway in the U.S. in-
volving approximately 500 patients with re-
lapsing remitting MS.

T-cell vaccination

Inoculation of specific T-cells that recognize a
putative autoantigen can specifically prevent
the induction of EAE (Lider et al. 1988; Offner
et al. 1988). This protective effect is due to an
anti-T-cell response against these potentially
autodestructive cells. Once learned, this reac-
tion should prevent attacks by these autoreac-
tive cells. Three small studies have shown that
this approach is feasible and tolerated by the
patients. The available data do not allow any
conclusion about clinical efficacy (Hafler et al.
1992; Zhang et al. 1993), although the most re-
cent study with eight patients claimed some
beneficial effect, as shown by MRI lesion size
(Medaer et al. 1995). A more elegant approach
would be to vaccinate MS patients not with at-
tenuated T-cell lines but with T-cell receptor
peptides (Howell et al. 1989; Bourdette et al.
1994) or with altered peptide ligands, which
can interact with the MHC product and the
T-cell receptor, but then induce not a TH1 but
a TH2 response (Martin et al. 1995; Brocke et
al. 1996). The main problem with these at-

tempts at specific immunosuppression is that
there is no good evidence that the antigen-spe-
cific T-cell repertoire is really restricted in MS.
At least up to now, intensive studies of all
three components of the trimolecular complex
(T-cell receptor, MHC class II product, and an-
tigen) failed to reveal real and consistent re-
striction (Pette et al. 1990a; 1990b; Martin et al.
1992a; 1992b; 1993; Valli et al. 1993; Meinl et al.
1993). This implies that specific immunosup-
pression would have to be tailored to each in-
dividual MS patient, or that it would only be a
useful tool if the suppressive effect shows
some kind of generalization, as discussed with
oral exposure to antigens.

Combinations of treatments

We are in the favorable position of having
more than one agent with partial efficacy in re-
lapsing remitting MS, which is substantiated
through controlled studies (Table 14.10; Figs.
14.3 and 14.6). These agents are: recombinant
IFN-B-lb, recombinant IFN-B-la, CoP-1, aza-
thioprine, and, in the treatment of acute re-
lapses, high-dose glucocorticosteroids. On the
other hand, partial efficacy implies the need
for improvement. As in other diseases such as
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Fig. 14.4 Proportion (%) of patients progressing 1.0 or
more units on the EDSS after 2 years in recent controlled
studies with immunomodulating or immunosuppressive
agents in relapsing remitting MS. 'Jacobs et al. (1995):
only patients with a complete follow-up of 2 years in-
cluded. 2The IFN-p-1b Multiple Sclerosis Study Group

(n=215)3 (n=167)5

(1993): only 8 MU and placebo groups with complete
2-year data included. 3Johnson et al. (1995). 5British and
Dutch: the study includes about 35% of patients with
(mainly secondary) progressive course. No information
is available about prestudy relapse rate. PL, placebo.
(Adapted from Kappos (1995), with permission.)

Table 14.10 Overview of the therapeutic
armamentarium in MS: agents with partial or
possible efficacy in relapsing-remitting and in
secondary progressive disease

Agents with partial efficacy
In relapsing remitting disease

high-dose steroids
rlFN-p-1b
rlFN-i3-1a
CoP-1
azathioprine

Agents with possible efficacy
In relapsing remitting dis-
ease

methotrexate
mitoxantrone
cladribine
CyA and analogues
linomide
deoxyspergualin
TNF-a antagonists
TCF-p
oral myelin
i.v. Ig
plasma exchange
monoclonal antibodies

In secondary progressive
disease

IFN-p-1bandlFN-P-1a
azathioprine
methotrexate
mitoxantrone
cladribine
CyA and analogues
linomide
deoxyspergualin
TNF-a antagonists
sTNF-aR
i.v. Ig
monoclonal antibodies

*Follow-up not complete.

cancer, a combination would perhaps help to
improve the modest favorable effects of single
drugs. The combination of steroids with global
immunosuppressants or with recombinant
EFN-p has been used widely and seems to be
safe. Theoretical and also in-vitro evidence
suggests that CoP-1 and recombinant EFN-p
could have additive or even synergistic effects.
There could also be an additive effect of com-
bining azathioprine or methotrexate with one
of the immunomodulating agents. However, it
should be kept in mind that combinations har-
bor several disadvantages: it is even more diffi-
cult to assess the differential effects of treat-
ments; therapeutic regimens could be too
complicated; more side-effects could occur;
and also there could be an explosion of the
treatment costs. So candidates for combination
treatments should be selected according to the-
oretical or in-vitro evidence for additive or
synergistic effects; a partial efficacy should be
documented for each agent separately; no neg-
ative interactions should have occurred; and
the side-effect profile should be compatible.

In secondary progressive MS, no single treat-
ment has really convincing evidence support-
ing its effectiveness. Treatment aimed at the
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disease process in these patients is more or
less experimental and should preferably be
discussed and coordinated with some center
active in MS research.

For patients with primary progressive disease,
no convincing evidence exists at the moment
that any treatment is able to hold or decelerate
the disease process. Patients with primary
progressive disease may profit from treatments
aimed at improving conduction in demyeli-
nated areas and perhaps even at stimulating
remyelination.

IMPROVEMENT OF CONDUCTION,
ENHANCING REMYELINATION

4-Aminopyridine, an agent interacting with the
sodium channel, has been shown to reduce
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disability in about 30% of patients as compared
to placebo (Stefoski et al. 1991; Van Diemen et
al. 1992; Bever et al. 1994). The dosage used
was up to 0.5 mg/kg b.wt. If serum levels of
the substance are kept below 100 mg/ml, treat-
ment is usually well tolerated (Polman et al.
1994; Bever et al. 1995).

Although results from tissue cultures have
been encouraging about the possibilities of in-
duction of myelin repair, possible candidates
for clinical studies have not yet been identified
in MS. Only recently, a prospective trial was
started in order to assess the efficacy of i.v.
immunoglobulin in promoting recovery of my-
elin (Noseworthy et al. 1994b, 1994c).





Appendix: Assessment Scales

NEUROLOGICAL ASSESSMENT KURTZKE
FUNCTIONAL SYSTEMS (FS)

1. Pyramidal functions
0, Normal
1 Abnormal signs without disability
2 Minimal disability
3 Mild to moderate paraparesis or hemi-

paresis (detectable weakness but most
function sustained for short periods, fa-
tigue a problem); severe monoparesis (al-
most no function)

4 Marked paraparesis or hemiparesis (func-
tion is difficult); moderate quadriparesis
(function is decreased but can be sus-
tained for short periods); or monoplegia

5 Paraplegia, hemiplegia, or marked quadri-
paresis

6 Quadriplegia
9 Unknown

2. Cerebellar functions
0 Normal
1 Abnormal signs without disability
2 Mild ataxia (tremor or clumsy movements

easily seen, minor interference with func-
tion)

3 Moderate truncal or limb ataxia (tremor or
clumsy movements interfere with func-
tion in all spheres)

4 Severe ataxia in all limbs (most function is
very difficult)

5 Unable to perform coordinated move-
ments due to ataxia

9 Unknown

3. Brainstem functions
0 Normal
1 Signs only
2 Moderate nystagmus or other mild dis-

ability

3 Severe nystagmus, marked extraocular
weakness, or moderate disability of other
cranial nerves

4 Marked dysarthria or other marked dis-
ability

5 Inability to swallow or speak
9 Unknown

4. Sensory functions
0 Normal
1 Vibration or figure-writing decrease only

in one or two limbs
2 Mild decrease in touch, or pain, or posi-

tion sense, and/or moderate decrease in
vibration in one or two limbs; or vibratory
(c/s figure writing) decrease alone in three
or four limbs

3 Moderate decrease in touch, or pain, or
position sense, and/or essentially lost vi-
bration in one or two limbs; or mild de-
crease in touch or pain, and/or moderate
decrease in all proprioceptive tests in
three or four limbs

4 Marked decrease in touch, or pain, or loss
of proprioception, alone or combined, in
one or two limbs; or moderate decrease in
touch, or pain, and/or severe propriocep-
tive decrease in more than two limbs

5 Loss (essentially) of sensation in one or
two limbs; or moderate decrease in touch
or pain, and/or loss of proprioception for
most of the body below the head

6 Sensation essentially lost below the head
9 Unknown

5. Bowel and bladder functions: rate on the
basis of the worse function, either bowel or
bladder.
0 Normal
1 Mild urinary hesitancy, urgency, or reten-

tion
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2 Moderate hesitancy, urgency, retention of
bowel or bladder, or rare urinary inconti-
nence (intermittent self-catheterization,
manual compression to evacuate bladder,
or finger evacuation of stool)

3 Frequent urinary incontinence
4 In need of almost constant catheterization

(and constant use of measures to evacuate
stool)

5 Loss of bladder function
6 Loss of bowel and bladder function
9 Unknown

6. Visual (or optic) functions
0 Normal
1 Scotoma with visual acuity (corrected) bet-

ter than 20/30
2 Worse eye with scotoma with maximal vi-

sual acuity (corrected) of 20/30 to 20/59
3 Worse eye with large scotoma, or moder-

ate decrease in fields, but with maximal vi-
sual acuity (corrected) of 20/60 to 20/99

4 Worse eye with marked decrease of fields
and maximal visual acuity (corrected) of
20/100 to 20/200; grade 3 plus maximal acu-
ity of better eye of 20/60 or less

5 Worse eye with maximal visual acuity
(corrected) less than 20/200; grade 4 plus
maximal acuity of better eye of 20/60 or
less

6 Grade 5 plus maximal visual acuity of bet-
ter eye of 20/60 or less

0 Unknown
Record #1 in small box for presence of
temporal pallor

7. Cerebral (or mental) functions
0 Normal
1 Mood alteration only (does not affect DSS

score)
2 Mild decrease in mentation
3 Moderate decrease in mentation
4 Marked decrease in mentation (chronic

brain syndrome - moderate)
5 Dementia or chronic brain syndrome - se-

vere or incompetent
9 Unknown

8. Other functions: any other neurological
findings attributable to MS.
a) Spasticity
0 None
1 Mild (detectable only)
2 Moderate (minor interference with func-

tion)

Appendix

3 Severe (major interference with function)
9 Unknown

b) Others
0 None
1 Any other neurological findings attributed

to MS: Specify
9 Unknown

NEUROLOGICAL ASSESSMENT KURTZKE
EXPANDED DISABILITY STATUS SCALE
(EDSS)

0 Normal neurological exam (all grade 0 in
FS»)

1.0 No disability, minimal signs in one FS*
(i.e., grade 1)

1.5 No disability, minimal signs in more
than one FS* (more than one FS grade 1)

2.0 Minimal disability in one FS (one FS
grade 2, others 0 or 1)

2.5 Minimal disability in two FS (two FS
grade 2, others 0 or 1)

3.0 Moderate disability in one FS (one FS
grade 3, others 0 or 1), or mild disability
in three or four FS (three or four FS
grade 2, others 0 or 1) though fully am-
bulatory

3.5 Fully ambulatory but with moderate dis-
ability in one FS (one grade 3), and one
or two FS grade 2; or two FS grade 3; or
five FS grade 2 (others 0 or 1)

4.0 Fully ambulatory without aid, self-suffi-
cient, up and about some 12 hours a day
despite relatively severe disability con-
sisting of one FS grade 4 (others 0 or 1),
or combinations of lesser grades exceed-
ing limits of previous steps; able to walk
without aid or rest some 500 meters

4.5 Fully ambulatory without aid, up and
about much of the day, able to work a
full day, may otherwise have some lim-
itation of full activity or require minimal
assistance; characterized by relatively
severe disability, usually consisting of
one FS grade 4 (others 0 or 1) or combi-
nations of lesser grades exceeding limits
of previous steps; able to walk without
aid or rest some 300 meters

5.0 Ambulatory without aid or rest for about
200 meters; disability severe enough to
impair full daily activities (e.g., to work
a full day without special provisions)

* Excludes cerebral function grade 1.
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(usual FS equivalents are one grade 5
alone, others 0 or 1; or combinations of
lesser grades, usually exceeding specifi-
cations for step 4.0)

5.5 Ambulatory without aid or rest for about
100 meters; disability severe enough to
preclude full daily activities (usual FS
equivalents are one grade 5 alone, oth-
ers 0 or 1; or combination of lesser
grades, usually exceeding those for step
4.0)

6.0 Intermittent or unilateral constant assis-
tance (cane, crutch, brace) required to
walk about 100 meters with or without
resting (usual FS equivalents are combi-
nations with more than two FS grade
3 + )

6.5 Constant bilateral assistance (canes,
crutches, braces) required to walk about
20 meters without resting (usual FS
equivalents are combinations with more
than two FS grade 3 +)

7.0 Unable to walk beyond approximately 5
meters even with aid, essentially re-
stricted to wheelchair; wheels self in
standard wheelchair and transfers
alone; up and about in wheelchair some
12 hours a day (usual FS equivalents are
combinations with more than one FS
grade 4 +; very rarely pyramidal grade 5
alone)

7.5 Unable to take more than a few steps;
restricted to wheelchair; may need aid in
transfer; wheels self but cannot carry on
in standard wheelchair a full day; may
require motorized wheelchair (usual FS
equivalents are combinations, with
more than one FS grade 4 +)

8.0 Essentially restricted to bed or chair or
perambulated in wheelchair, but may be
out of bed itself much of the day; retains
many self-care functions; generally has
effective use of arms (usual FS equiva-
lents are combinations, generally grade
4+ in several systems)

8.5 Essentially restricted to bed much of
day; has some effective use of arm(s); re-
tains some self-care functions (usual FS
equivalents are combinations, generally
4+ in several systems)

9.0 Helpless bed patient; can communicate
and eat (usual FS equivalents are combi-
nations, mostly grade 4 +)

9.5 Totally helpless bed patient; unable to
communicate effectively or eat/swallow
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(usual FS equivalents are combinations,
almost all grade 4 +)

10.6 Death due to MS

INCAPACITY STATUS SCALE (ISS)

1. Stair climbing: refers to ascending and de-
scending a flight of 12 steps. The 'mechani-
cal devices' referred to include the use of a
banister, since the individual without dis-
ability can navigate stairs if a railing is not
available. Climbing stairs by sitting on each
successive step does not satisfy the criteria
for 'climbing.' Use of a mechanical chair lift
also does not constitute 'climbing.' In this
instance, the individual would be scored a
4.
0 Normal
1 Some difficulty but performed without

aid
2 Need for canes, braces, prostheses, or

dependent upon banister to perform
3 Need human assistance to perform
4 Unable to perform; includes mechanical

lifts

2. Ambulation: is the ability to walk 50 meters
(approximately 160 feet) without rest on
level ground or indoors. Anyone who
needs to use a cane intermittently in order
to walk 50 meters without rest would be
scored a 2. Likewise, individuals who need
to use a cane owing to poor eyesight would
also receive a score of 2. The difference be-
tween a 3 and a 4 depends on whether the
individual can use a wheelchair indepen-
dently. As a result, anyone who is indepen-
dent only if using a motorized wheelchair
(e.g., with electric 'joystick' control) would
be rated a 4.
0 Normal
1 Some difficulty but performed without

aid
2 Need for canes, braces, prostheses to

perform
3 Need for human assistance or use of

manual wheelchair which patient enters,
leaves, and maneuvers without aid

4 Unable to perform; includes perambula-
tion in a wheelchair and motorized
wheelchair

3. Toilet/chair/bed transfer: takes into ac-
count the ability to position oneself and
arise from a regular toilet, chair, bed, and
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wheelchair. The worst transfer determines
the grade. Special chairs, such as those
with mechanical lift mechanisms, are me-
chanical aids. Needing to hold onto adjacent
structures such as a sink or bars would con-
stitute using a mechanical aid and would be
rated a 2. Use of the arms on an armchair is
not, however, considered using a mechani-
cal aid since pushing up on a chair's arms is
an integral part of elevating oneself from a
regular chair under normal circumstances.
0 Normal
1 Some difficulty but performed without

aid
2 Need for adaptive or assistive devices

such as trapeze, sling, bars, lift, sliding
board to perform

3 Requires human aid to perform
4 Must be lifted or moved about com-

pletely by another person

4. Bowel function: among the most complex
of the items in the MRD, bowel function re-
quires the evaluator carefully to weigh a
number of alternatives. Self-management
of constipation is rated 1 or 2, depending
on whether treatment is required occa-
sionally or frequently (more often than once
per week). Constipation managed by oth-
ers is rated 3. Occasional loss of bowel con-
trol or a self-managed colostomy would
also be rated 3. Frequent loss of control or a
colostomy managed by others is rated 4.
0 Normal
1 Bowel retention not requiring more than

high fiber diets, laxatives, occasional ene-
mas or suppositories, self-administered

2 Bowel retention requiring regular laxa-
tives, enemas, or suppositories, self-ad-
ministered, in order to induce evacua-
tion; cleanses and disimpacts self

3 Bowel retention requiring enemas or
suppositories administered by another;
and/or disimpacted by another; and/or
needs assistance in cleansing; and/or oc-
casional incontinence; and/or presence of
colostomy tended by self

4 Frequent soiling due either to inconti-
nence or a poorly maintained ostomy de-
vice or an ostomy device which patient
cannot maintain without assistance

5. Bladder function: also difficult to rate. An
important consideration here is how to take
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into account the patient's use of bladder
medication. This item is rated for the pur-
pose of reflecting actual bladder function
even if that level of function is maintained
by drugs. Thus, a person with normal blad-
der function maintained by medication is
rated a 0. The same applies to all the
grades.
0 Normal (even if maintained by drugs)
1 Occasional hesitancy or urgency
2 Frequent hesitancy, urgency, or reten-

tion; and/or use of indwelling or external
catheter applied and maintained by self;
and/or intermittent self-catheterization or
manual compression to evacuate bladder

3 Occasional incontinence; and/or use of
indwelling or external catheter applied
and maintained by others; and/or Ueos-
tomy or suprapubic cystostomy main-
tained by self; and/or intermittent cathe-
terization by others

4 Frequent incontinence; or ostomy device
which patient cannot maintain without
assistance

6. Bathing: rated according to how indepen-
dent the individual is when getting into or
out of a tub or shower. The need to hold
onto nearby structures such as a sink, towel
rack, grab bar, or tub seat is rated a 2.
0 Normal
1 Some difficulty with washing and drying

self, though performed without aid
whether in tub or shower or by sponge-
bathing, whichever is usual for the pa-
tient

2 Need for assistive devices (trapeze, sling,
lift, shower or tub bar) in order to bathe
self; or need to bathe self outside of tub
or shower if that is the usual method

3 Need for human assistance in bathing
parts of the body or in entry/exit/posi-
tioning in tub or shower

4 Bathing performed by others (aside from
face and hands)

7. Dressing: difficulty in dressing is defined
as having problems in putting on or taking
off clothing, use of buttons, tying laces,
pulling zippers, fastening catches, etc. Spe-
cially adapted clothing refers to that which
has Velcro closures, snaps instead of but-
tons, or no closures. Those who avoid cer-
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tain types of standard clothing should be
rated a 2.
0 Normal
1 Some difficulty clothing self completely

in standard garments, but accomplished
by self

2 Specially adapted clothing (special clo-
sures, elastic-laced shoes, front-dosing
garments) or devices (long shoe horns,
zipper extenders) required to dress self

3 Need for human aid to accomplish, but
performs considerable portion him/her-
self

4 Need for almost complete assistance; un-
able to dress self

8. Grooming: this item refers to care of teeth
or dentures, hair, shaving, or application of
cosmetics. Adaptive devices may include
electric razors or toothbrushes, only if these
are actually required for function.
0 Normal
1 Some difficulty but all tasks performed

without aid
2 Need for adaptive devices (electric razors

or toothbrushes, special combs or brushes,
arm rests or slings) but performed with-
out aid

3 Need for human aid to perform some of
the tasks

4 Almost all tasks performed by another
person

9. Feeding: includes ingestion, mastication,
swallowing of solids and liquids, and ma-
nipulation of the appropriate utensils. Indi-
viduals who need to have their food cut but
can feed themselves are to be rated a 2.
Those who actually need assistance to
bring food to their mouths are rated a 3 or
4. Use of a liquid diet (e.g., a feeding tube)
is considered a 3 if self-maintained, and a 4
if administered by others. Some people
with MS have more trouble with liquids
than with solids. These individuals should
be rated according to the same criteria: e.g.,
needing to use jelled liquids would be rated
at 2 since it constitutes 'special prepara-
tion.'
0 Normal
1 Some difficulty but performed without

aid
2 Need for adaptive devices (special feed-

ing utensils, straws) or special prepara-
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tion (portions precut or minced, bread
buttered) to feed self

3 Need for human aid in the delivery of
food; or dysphagia preventing solid diet,
e.g., esophagostomy or gastrostomy
maintained and utilized by self, or tube-
feeding performed by self

4 Unable to feed self or to manage os-
tomies

10. Vision: two factors are rated: visual acuity
and double vision. The overall rating is
based on the worse of the two. If there is a
significant difference between the two
eyes, the better eye is rated. All the criteria
refer to vision with corrective lenses if they
are needed. Visual problems unrelated to
MS are treated the same as MS-related vi-
sual deficits.
0 Normal vision: can read print finer than

standard newsprint with corrective
lenses

1 Cannot read print finer than standard
newsprint even with corrective lenses, or
complains of double vision

2 Magnifying lenses or large print neces-
sary for reading, or double vision inter-
feres with function

3 Can only read very large print such as
major newspaper headlines, or has con-
stant double vision, or sees movement of
objects

4 Legal blindness

11. Speech and hearing: includes verbal ex-
pression and reception for communication
with others. The worse of either speech or
hearing is rated. Speech problems are more
common than hearing problems in MS and
so the rating will usually be dependent
upon speech. Speech and hearing diffi-
culties not related to MS are rated in the
same way as those that are due to the ill-
ness.
0 Normal: no subjective hearing loss; artic-

ulation and language appropriate to the
culture

1 Impaired hearing or articulation not in-
terfering with communication

2 Deafness sufficient to require hearing
aid, and/or dysarthria interfering with
communication, and/or needs communi-
cation aids such as special keyboards,
etc.
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3 Severe deafness compensated for by sign
language or lip reading facility, and/or
severe dysarthria compensated for by
sign language or self-written communi-
cation

4 Severe deafness and/or dysarthria with-
out effective compensation

12. Medical problems: defined as the presence
of other medical disorders (e.g., diabetes,
asthma), and/or complications of MS such
as decubiti, contractures, and urinary tract
infections. Semi-annual checkups unre-
lated to any specific disorder (e.g., dentist,
optometrist, personal physician) are not
rated, nor are psychotherapy or counsel-
ing. Only medical problems requiring inter-
vention by a physician, nurse, or other
medical professionals are rated
0 No significant disorder present
1 Disorder(s) not requiring active care; may

be on maintenance medication; monitor-
ing not required more often than every 3
months

2 Disorder(s) requiring occasional monitor-
ing by physician or nurse, more often
than every 3 months but less often than
weekly

3 Disorder(s) requiring regular attention
(at least weekly) by physician or nurse

4 Disorder(s) requiring essentially daily at-
tention by physician or nurse, usually in
a hospital

13. Mood and thought disturbances: includes
anxiety, depression, mood swings, eupho-
ria, delusions, hallucinations, and thought
disorder. The rating should reflect current
behavior even if the patient is maintained
on medication. For instance, an individual
whose mood swings are observable, but
which are controlled by lithium so that they
do not interfere with everyday life, would
be rated a 1. A rating of 3 requires that psy-
chotherapy or professional help, not 'rap'
or discussion groups, is needed.
0 No observable problem
1 Disturbance is present at times, but does

not interfere with day-to-day functioning
2 Disturbance does interfere with day-to-

day functioning, but the person can man-
age without professional assistance ex-
cept for occasional visits to maintain
medication
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3 Disturbance interferes with day-to-day
functioning and consistently requires
professional intervention beyond that re-
quired to maintain medication, e.g., re-
quires psychotherapy or hospitalization

4 Despite medication and/or other inter-
vention, disturbance is severe enough to
preclude day-to-day functioning

14. Mentation: refers to disturbances in memo-
ry, reasoning, calculation, judgment, or
orientation. Mood and thought distur-
bances (emotional functions) and menta-
tion (intellectual functions) may be difficult
to differentiate because of the limited objec-
tivity of a self-report. Information garnered
from family members and direct observa-
tion will be important in rating these items.
It is hoped that brief scales will be added to
the MRD in the future to enhance the test-
ing of these functions. More research is
needed, however, before the appropriate
scales can be selected.
0 No observable problem
1 Disturbance is present but does not inter-

fere with performance of everyday activ-
ities

2 Disturbance interferes with performance
of everyday activities, e.g., the person
may need to use lists or other prompting
devices, but manages without the help of
other people; the person is likely to be a
poor historian

3 Disturbance is severe enough to require
prompting or assistance from others for
performance of everyday activities

4 Disturbance precludes the performance
of most everyday activities; may include
severe confusion, disorientation, or
memory loss

15. Fatiguability: is a sense of overwhelming
weakness or lassitude which may alter mo-
tor function, coordination, sensation, vi-
sion, and mentation. Frequency and dura-
tion are variable - frequency may be
transient or it may persist for hours or even
days. This item rates the extent to which
fatigue interferes with function, and how
frequently it occurs.
0 No fatiguability
1 Fatiguability present but does not nota-

bly interfere with baseline physical func-
tion
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2 Fatiguability causing intermittent and
generally transient impairment of base-
line physical function

3 Fatiguability causing intermittent tran-
sient loss or frequent moderate impair-
ment of baseline physical function

4 Fatiguability which generally prevents
prolonged or sustained physical function

16. Sexual function: two important terms are
used here. Sexual activity refers to engaging
in acts (i.e., physical acts or fantasy) which
may bring about a sexual response. Sexual
function refers to the ability of the genitalia
to respond to sexual activity, e.g., genital
sensation, erection, lubrication, orgasm,
and ejaculation. Individuals who are volun-
tarily celibate or who have no sexual experi-
ence pose a special problem because they
might not know if their sexual function has
changed. Such individuals would be rated
a 0 unless there is evidence to suggest a loss
of sexual function. Anyone who is using a
sexual prosthesis, such as a penile implant,
would be rated a 1 or higher. An individual
who uses sexual aids such as a vibrator to
compensate for loss of function would be
rated a 1 or higher.

This item provides for a global rating of
sexual dysfunction. Such a rating may be
too general to be of much use to profession-
als. A more detailed section entitled 'Sexual
concern inquiry' is provided for those pro-
fessionals who wish to collect more specific
information.
0 Sexually active as before, and/or not ex-

periencing some sexual problems. (No
changes in patient's usual pattern of sex-
ual activity; for example, no changes in
frequency and type of sexual activities;
and no changes from previous genital
sensation, erection, and ejaculation in
men, or vaginal lubrication and orgasm
in women. This includes persons with-
out previous sexual experience or who
are voluntarily celibate.)

1 Sexually less active than before, and/or
now experiencing some sexual prob-
lem^) but not concerned. (Less frequent
or less varied sexual activity, and/or
some changes in previous genital sensa-
tion, erection, and ejaculation in men, or
vaginal lubrication and orgasm in wom-
en but does not consider this an issue.
May be using a prosthesis or sexual aids.)
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2 Sexually less active than before, and now
experiencing some sexual problems and
concerned. (Would like to regain former
sexual activity pattern, and/or would like
to regain previous genital sensation,
erection, ejaculation, and/or orgasmic ex-
perience. May be using a prosthesis or
sexual aids.)

3 Sexually inactive but still concerned.
(Sexual activity has ceased for several
months or years, but wishes to regain
previous pattern and functional ability.)

4 Sexually inactive and not concerned.
(Sexual activity has ceased for several
months, or years, but does not consider
this an issue.)

ENVIRONMENTAL STATUS SCALE (ESS)

1. Actual work status: refers to one's custom-
ary social role: employment, student, or
homemaker, etc. It describes the overall situ-
ation and is not limited to MS-related prob-
lems. A dilemma arises in rating males.
Should males ever be rated as homemakers?
Very often men are not working but are capa-
ble of doing housework, and in some in-
stances are actually performing housework.
There is no simple solution to this problem.
The evaluator needs to determine what
would be the customary role for a given indi-
vidual. For most men, it will be external em-
ployment. For women, it may be homemak-
ing and/or external employment. For
younger persons, education is likely. Indi-
viduals who could do housework but who
can afford to hire help and thus do not actu-
ally do housework would be rated a 5.

People who retire early, e.g., from age 50,
also present some problems. Many non-
disabled individuals retire early. The rater
must judge whether a given retirement was
'normal' or was accelerated due to MS or
other problems.

People are considered as 'working' even if
their job is as a volunteer. While there are
many special cases where the rating will be
ambiguous, the vast majority of individuals
will be easy to rate.
0 Normal or retired for age, e.g., full-time

worker, homemaker, or student
1 Works essentially full time but in less de-

manding position
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2 Works more than half time at job, house-
work, or school

3 Works between one quarter and one half
time at job, housework, or school

4 Works less than one quarter time at job,
housework, or school

5 Unemployed, not doing any housework
or attending school

2. Financial/economic status: is focused exclu-
sively on MS-related financial problems. Fi-
nancial standard could also be termed 'stan-
dard of living' and refers to how well a
family lives in terms of housing, clothing,
food, transportation, recreation, vacations,
etc. While there are ratings for individuals
who get 'some' outside financial assistance,
most people are receiving all the benefits to
which they are entitled. At times adverse fi-
nancial changes may be only partly due to
MS, e.g., loss of income due to divorce. If
MS is a contributing factor, those changes
should be related.

0 No MS related financial problems
1 Family maintains usual financial standard

without external support despite some fi-
nancial disadvantages resulting from MS

2 Family maintains usual financial standard
with aid of some external financial sup-
port

3 Family maintains usual financial standard
by receiving basic disability pension as de-
fined in location of residence

4 Family maintains usual financial standard
only because it is receiving all available fi-
nancial assistance

5 Family is unable to maintain usual finan-
cial standard despite receipt of all avail-
able financial assistance

3. Personal residence/home: this item refers
only to MS-related changes. Grading changes
as minor, moderate, or major is best illus-
trated by examples. Minor modifications are
made at relatively small expense and require
little or no reconstruction. Examples are in-
stalling a room air conditioner or grab bars,
moving furniture, or removing a door. Mod-
erate modifications involve significant ex-
pense and/or structural changes. Examples
are installing several air conditioners, replac-
ing a number of doors, structurally renovat-
ing a room, installing simple ramps. Major
modifications call for renovations costing
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thousands of dollars and involving extensive
structural changes. Examples are installing a
central air conditioning system, renovating
several rooms, building extensive masonry
ramps, adding an electric chair lift or eleva-
tor.
0 No change necessary
1 Minor modification necessary
2 Moderate modification necessary
3 Major structural alteration or addition nec-

essary
4 Must move to satisfactory personal home
5 Must live in facility for dependent care be-

cause unable to continue in any personal
home (institutionalized)

4. Personal assistance required: this refers to
any MS-related aid a person might require in
order to carry out daily activities such as eat-
ing, dressing, bathing, toileting, cooking,
cleaning, shopping, child care, etc. It does
not refer to medical care, counseling, physi-
cal therapy, etc. The assistance may be ren-
dered by a family member, home attendant,
home health aide, homemaker, volunteer,
friend, etc. Needing minor help is rated a 1
and entails such activities as being driven to
the supermarket weekly, having a cleaner
come in weekly, or occasional (not daily)
help in cooking.
0 None
1 Minor help: relatives involved but person-

al independence is maintained.
2 Requires assistance for activities of daily

living up to 1 hour per day from relatives
or others in the home

3 Requires assistance with activities of daily
living up to 3 hours per day from relatives
or others in the home

4 Requires more than 3 hours of personal as-
sistance per day but is able to live at home
and does not need a constant attendant

5 Requires a constant attendant or care in an
institution, i.e., cannot be left alone for
more than short periods such as 2 to 3
hours

5. Transportation: refers to transportation prob-
lems that are attributable to MS and includes
difficulties in both availability and acces-
sibility of transportation. Both public trans-
portation and driving are included. The bet-
ter of the two is rated. Thus the person who
cannot use any public transportation but
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who drives using hand controls is rated a 2.
The problems rated for public transportation
may include accessibility, schedule, etc. For
instance, if the nearest bus stop is several
blocks away and the individual cannot walk
there, this would affect the rating.
0 Uses public transportation with no prob-

lems, or drives
1 Uses all forms of transportation available

despite minor difficulties, or drives with
minor difficulty, e.g., needs handicapped
parking

2 Uses some public transportation despite dif-
ficulties, or needs hand controls to drive

3 Cannot use public transportation but can
use private transportation; cannot drive
but may be driven by others

4 Requires community (public or private
agency) transportation in a wheelchair

5 Requires ambulance

6. Community services: this item applies to all
persons with MS whether they are living at
home or in an institution. Community ser-
vices is a very broad category and may in-
clude medical, social, household, personal
assistance, or similar services whether ad-
ministered at home or in an institution.
Community services may include seeing a
doctor, nurse, physical therapist, social
worker, counselor, or assistance in cooking,
housework, bathing, dressing, shopping,
etc. Community services include, but are not
limited to, the services mentioned in item
#4, Personal assistance. Personal assistance
is thus a subset of community services.
0 None required
1 Requires service once per month or less

frequently
2 Requires not more than 1 hour per week
3 Requires not more than average of 1 hour

per day
4 Requires 1 to 4 hours per day
5 Requires more than 4 hours per day, or

institutionalized

7. Social activity: two dimensions are included
in this item: the extent to which the pattern
(type and frequency) of social activity is
maintained, and the difficulty involved in
maintaining that activity. An important con-
sideration is how much social activity the
person can initiate.
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0 Socially active as before, with no changes
in the usual pattern of social activity, and
no difficulty in maintaining this pattern

1 Maintains usual pattern of social activity
despite some difficulties

2 Some restrictions on social activity such as
change in type or frequency of some activ-
ities or increased dependence on others

3 Significant restriction of social activity;
largely dependent on actions of others but
still able to initiate some activity

4 Socially inactive except for the initiative of
others

5 No social activity; does not see friends or
family; social contact is limited to that pro-
vided by community service providers,
e.g., visiting nurse

MINIMAL RECORD OF DISABILITY
SUMMARY RECORD OF CLINICAL
SCORES AND NOTES

Demographic information

1. Patient code

2. Today's date

3. Date of onset (month, year)

4. Date of diagnosis (month, year)

5. Sex

6. Date of birth

7. Total number of years of education
Elementary 1-8
High School 9-12
College 13-16
Masters 17-18
Doctorate 19-20

8. What is your marital status?
1 Married
2 Cohabiting
3 Separated
4 Divorced
5 Widowed
6 Single (never married)
7 Other:
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9. Who lives with you at the present time?
A) Spouse
B) Children
C) Parent(s)
D) Brother(s) and/or sister(s)
E) Other relative(s)
F) Friend(s)
G) Live alone

10. Have you ever held a job?

11. What is your current employment status?
1 Employed outside the home
2 Homebound employment
3 Homemaker
4 Sheltered workshop
5 Volunteer work
6 Retired
7 Unemployed
8 Student or trainee

Incapacity Status Scale
1. Stair climbing
2. Ambulation
3. Transfers
4. Bowel function
5. Bladder function
6. Bathing
7. Dressing
8. Grooming
9. Feeding

10. Vision
11. Speech and hearing
12. Medical problems
13. Mood and thought
14. Mentation
15. Fatiguability
16. Sexual function

Sexual Concern Inquiry
1. Does not feel like st

12. (If employed) What kind of work do you
do?

Neurological assessment (Kurtzke) functional
systems

1. Pyramidal

2. Cerebellar

3. Brainstem

4. Sensory

5. Bowel & bladder

6. Visual

7. Mental

8. Other functions
a) Spasticity
b) Other

Disability Status Scale

Expanded Disability Status Scale

2. Can't find partner
3. Can't keep partner
4. Can't satisfy partner (sexual problems)
5. Can't satisfy partner (physical problems)
6. Can't satisfy self (sexual problems)
7. Can't satisfy self (physical problems)
8. Can't become a father or mother
9. Can't be like a man or a woman

10. Partner doesn't feel like sex
11. Genitourinary hygiene
12. Lack of privacy
13. Other concerns, specify

Which is the area of greatest concern?

Environmental Status Scale
1. Work
2. Financial
3. Home
4. Personal assistance
5. Transportation
6. Community assistance

7. Social activity

Clinical comments

Signature
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abdominal reflexes, 73
absolute refractory period, 63, 65
acquired immunodeficiency syndrome, 128
acquired pendular nystagmus, 77
ACTH, relapse treatment, 152-4
activated T cells

blood-brain barrier penetration, 37-8,
59-60

cerebrospinal fluid levels, 43-4
activities of daily living, 13
acute autoimmune encephalitis, 23-5
acute disseminated encephalomyelitis, 128
adhesion molecules, 15, 39
adrenomyeloneuropathy, 129
affective disorders, 82-3
age at onset, 116-17,122
age factors, 116-17

and diagnosis, 87-89
and disease course, 116-17, 122
epidemiology, 53
progression indices factor, 122
virus infections, 56

AIDS, 128
ot/B T-cell receptors, 14
ot-fetoprotein, 40-1, 57
alpha waves, 94
ambulation index, 150
4-aminopyridine, 167
anosognosia, 82
antibodies, see also immunoglobulins

cellular immunity synergy, 46-7
conduction block, 67
demyelination role, 61-2
production in CNS, 42

antiepileptic drugs, 144-5
antispastic drugs, 141-2
astrocytes

destruction of, 13
and inflammation, 20-1
and phagocytosis, 19
and plaque pathology, 9-10,13, 20-1
T cell interactions, 39-40

astrocytoma, 20
astroglia, 20-1
ataxia, 85
auditory evoked potentials, see brainstem auditory

evoked potentials
autoantigen treatment, 164-5
autoimmune encephalomyelitis, 13-14, 23-7

autoimmune theory, see also inflammation; T cells
animal models, 45-8
history, 6
and pathology, 13-15

Avonex®, 162
axons

and collateral sprouting, 67
pathological changes, 21

azathioprine, 157-8

B-cells, 42
Babinski's phenomenon, 73
baclofen, 141-2
Behget's syndrome, 126-7
benign course, 123-4
Betaferon®, 162
Betaseron®, 161
biceps brachii reflex, 72-3
bladder function disturbances

assessment, 80, 103-5
catheterization, 143-4
clinical presentation, 77-80
cytomanomerry-electromyography, 103-5
drug treatment, 142-4
frequency of, 86
functional classification, 143
pathophysiology, 78-9

blink reflex, 99
blood-brain barrier, 37-8

activated T-cell penetration, 37-8, 59-60
clinical findings, 57-8
endothelial cell-T cell interactions, 38-9
experimental findings, 58-9
immune system interactions, 15, 37-9
magnetic resonance imaging, 58-9
and pathogenesis, 57-9

blood parameters, 43-5
blood-retina barrier, 58
Bobath concept, 136, 139
body temperature, 66
borrelia encephalitis, 128
brachioradialis reflex, 72-3
brainstem auditory evoked potentials, 97-9

diagnostic value, 98-9
general principles, 90-2
recording technique, 97-9

brainstem lesions
magnetic resonance imaging, 111
prognosis indicator, 122
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brainstem reflexes, 99-100
breathing exercises, 138

calcium, and temperature, conduction, 65-6
canine distemper encephalomyelitis

astrocytes, 39
pathology, 28

carbamazepine, 144
Carswell, Robert, 4
cataplexy, 85
catheterization, in bladder disturbances, 143
CD4+ cells

cytokine production, 36-7
monoclonal antibody treatment, 164

CD4 + /CD8+ cell ratio
and clinical course, 44
plaques, 14

CD8+ cells, 32
central motor conduction time, 101
cerebellar soluble lectin, 114
cerebellar syndromes

coordination disturbances, 74-5
prognosis indicator, 122-4
remission, 119

cerebrospinal fluid, 111-14
diagnostic profile, 112-14
immunological alterations, 41-5

cervical spinal cord
magnetic resonance imaging, 109-11
plaque site, 58

cervical spondylosis, 129-30
Charcot, Jean Marie, 5
checkerboard pattern reversal, 92
childhood onset, 117
chronic progressive course, 122

clinical characteristics, 119-20
remyelination, 22-3 .

chronic relapsing experimental autoimmune enceph-
alitis, 24-7

cladribine, 159
clinical scales, 149-50
clomipramine, 144
"coated pits," 17
cognitive disturbances, 81-2
collateral sprouting, 67
combination drug treatment, 165-7
complement system

demyelination role, 42-3, 61
diagnostic use, CSF, 114

concentric plaques, 13
conduction block, 65-6
constipation, dietary treatment of, 145-6
convergence nystagmus, 77
coordination disturbances, 74-5
copolymer 1, 164
coronavirus models, 28
corpus callosum lesions, on MRI, 109
Cruveilhier, Jean, 4
cyclophosphamide, 158-9
cyclosporin A, 160
cystomanometry-electromyography, 103-5
cytokine antagonists, 160-3
cytokines

immune reactions mechanism, 36-7, 160-1
in inflammatory lesions, 15, 61
therapeutic use, 160-3

dantrolen, 141-2
"deafferented hand of Oppenheim," 73, 109
demyelination, see also plaques

electrophysiology, 64-6
inflammation role, 60-2
pathogenesis, 60-2
pathology, 7-19

15 ± deoxyspergualine, 160
depression

clinical presentation, 82-3
therapy, 145

d'Este, Augustus Frederick, 3
detrusor-external sphincter dyssynergia, 80, 105,

142-3
detrusor hyperreflexia

cystomanometry-electromyography, 104
drug treatment, 142-3
pontine lesions, 79

diagnosis, 87-115, 125-30
diagnostic criteria, 87-90
diazepam, 141-2
diet, 145-7
differential diagnosis, 125-30
disability

assessment, 131-2, 149-50, 170-8
and pain, 83-4
prognosis indicator, 121, 123
progression of, 135-6

disease course, 116-20
dissociated nystagmus, 77
double-blind design, 148
double vision, 77
DR2 marker, see HLA + DR2 haplotype
drug treatment, 141-5
dysarthria

clinical presentation, 74-5
frequency of, 86
paroxysmal presentation, 85
therapy, 141

dyspnea, 138
dyssynergia, 80, 105, 142-3

ectopic impulse generation, 66
edema

mannitol treatment, 156
and symptom dynamics, 67

elderly, benign disease course, 117
electromyography, 103-5
elecrrooculography, 103
electrophysiology, 63-7

demyelinated fibers, 64-6
remyelination, 65
temperature and calcium effects, 65-6

encephalopathy, 16
environmental factors

genetic factors interaction, 35
pathogenesis, 56-7

Environmental Status Scale, 175-7
ephatic impulse transmission, 66
epidemiology, 49-53
epileptic seizures, 84-5

drug treatment, 145
frequency of, 86

erectile impotence, 80-1
ergotherapy, 140-1
essential fatty acids, 146-7
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ethnic groups, and risk, 53
euphoria, 82
evoked potentials, 90-9

artifacts, 91
diagnostic use, 90-9
general principles, 90-1
recording technique, 91-2
restoration of, in optic neuritis, 65
as treatment outcome measure, 151-2

exacerbations, 57; see also relapsing-remitting course
exercise machines, 140
Expanded Disability Status Scale, 121, 149-50,

170-1
disadvantages, 149
reliability, 149-50

experimental autoimmune encephalitis, 23-7
blood-brain barrier, 58-9
cellular and humoral immune synergy, 46-7
disadvantage as model, 45
genetics, 47-8
immunological aspects, 45-8
magnetic resonance imaging, 58-9
passive transfer models, 25, 27
T-cell transfer, 45-7
target antigens, 24-5

experimental autoimmune neuritis, 28-9
external sphincter electromyography, 103-5
eye movement disturbances, see also nystagmus

oculography, 102-3
optic neuritis pain, 76

facial myokymia, 85
Faeroe Islands, 51
family studies, 35-6, 53-4
fast spin echo MRI, 107
fatigue and fatiguability, 84, 86
Fazekas' criteria, 109
"5-year rule of Kurtzke," 122
FK506 (tacrolimus), 160
food allergies, 146
Frerichs, F.T., 4
Frone, 162-3

gadolinium DTP A, 58-9, 109-10, 153
gait disturbances

clinical characteristics, 72, 75
frequency, 86
progression index, 122-3

•y/8 T-cells, 14
•y-interferon, 36
gangliosides, 25
genetics

experimental autoimmune encephalitis, 47-8
family/twin studies, 35-6, 54-5
immune system aspects, 30-48

geographical distribution, 50-1
gingkolide B, 156
glial cells, 39
glial scar formation, 9, 20
"glitter cells," 17
glucocorticoids, 152-6
gluten-free diet, 146
glutethimide, 145
granulomatous angiitis, 127
granulomatous diseases, 127-8
gray matter, pathology, 15

Great Britain, epidemiology, 51
Gunn's pupillary sign, 76

haloperidol, 144
haptoglobin polymers, 114
heat shock proteins, 14
hemiparesis, 71-2
high-dose steroids, 153
hippotherapy, 138
HLA-DQw6, 34
HLA-DR2 haplotype

diagnostic value, 34
epidemiologic studies, 51, 55
family studies, 35-6
pathogenesis role, 33-5, 55

HLA system, 30-6, 55-6
home exercise programs, 139-40
Hooper, Robert, 4
hoquet diabolique, 85
HTLV-1, 43
hyperacute autoimmune encephalitis, 23-4
hysteria, 81

ice treatments, 138
Iceland, 51
IgG, see immunoglobulins
immune system

animal models, 45-8
blood alterations, 41-5
blood-brain barrier interactions, 37-8
cellular and humeral elements, 30-1,

46-8
and central nervous system, 36-40
cerebrospinal fluid interactions, 41-5
genetics, 30-48
in vivo studies, 40-1
pathogenesis role, 55-6
receptor molecules, 302

immunoglobulins
diagnostic profile, CSF, 111-14
intravenous treatment, 164, 167
oligoclonal bands, CNS, 41-2
production in CNS, 42

immunomodulators, 160
immunosuppressants, 156-67
immunosuppression, pregnancy, 40-1
impotence, 80-1
inborn errors of metabolism, 146
Incapacity Status Scale, 171-5
incidence rates, 49-52
indomethacin, 145
infections, and relapse, 118
inflammation, see also T cells

active plaques, 9-10
and astrocytes, 20-1
and blood-brain barrier, 15, 59-60
demyelination role, 60-2
pathogenesis, 13-15, 59-60

infrared reflection oculography, 103
intention myoclonus, 74
intention tremor

clinical presentation, 74
drug treatment, 145

interferon-a
inflammatory lesions role, 15
therapeutic trial, 40



Index 211

interferon-p
mode of action, 160-1
preparations, 161-2
therapeutic use, 40, 160-3

interferon 0-la, 161-3
interferon p-lb, 161-3
interferon--y

astrocyte influence, 39
immune reaction regulation, 36-7, 39
in vivo studies, 40-1
multiple sclerosis exacerbation, 40
and pregnancy, 40

interleukins
immune reactions mechanism, 36
in inflammatory lesions, 15

internuclear ophthalmoplegia, 77, 103
intrathecal steroids, 153
intravenous immunoglobulin, 164, 167
intravenous steroids, 153-6
inversion recovery MRI images, 106, 110
involuntary movements, 84-5
isoelectric focusing, 41-2, 113
isoniazid, 145
itching, 85

JHM virus, 28, 39, 48

kachectin, see tumor necrosis factor-ex
kataplexy, 85
Kurtzke scale, 121-3, 169-71

lateral ventricles, 107-9
leukodystrophies, 129
Lhermitte's sign

clinical presentation, 74
drug treatment, 144
in Japanese patients, 74
and neural excitability, 66

libido, 80
life expectancy, 121, 135
lightning sensations, 76
Iinoleic acid, 146-7
linomide, 160
lipid debris, 9-11, 19
lipid metabolism, 146
lipophilin, 25
long latency reflexes, 99-100
lymphotoxin, 15

macrophages
active plaques, 9-10, 14-15, 19, 61
phagocytosis, 17,19

magnetic resonance imaging, 106-11
age of lesion determination, 109-10
basic principles, 105-7
brainstem, 111
correlation with disability, 151
and lesion anatomical distribution, 107
optic neuritis, 111
and prognosis, 111, 121, 151
sensitivity, 107-8
serial examinations, 110-1, 151
specificity, 107-11
spinal cord, 111
as treatment outcome measure, 151, 153
vasculitic syndromes, 127

magnetic resonance spectroscopy, 111
major histocompatibility complex

and antigen recognition, 32
Class I and Class II molecules, 32-3, 39-41

central nervous system relationship, 38-40
genetics, 32-6

malformations, 129
malignant courses, 124
mannitol, 156
Marburg, O., 5
Marburg's multiple sclerosis, 16
masseter reflex, 99
measles hypothesis, 5-6, 56
mechanical stimulation, 66
median nerve SEPs, 96-8
memory disturbances, 81-2
metachromatic leukodystrophy, 129
methotrexate, 158
methylprednisolone, 153-6
MHC Class I molecules, 32-33
MHC Class II molecules

astrocyte expression of, 39
genetics, 32-3
interferon-'y augmentation of, 40-1

micturition, 78-80, see also bladder function distur-
bances
migration, and risk, 52-3
mitoxantrone, 159
Mollaref s triangle, 74
monoclonal antibodies, 163-4
mood disturbances, 82-3
mortality rate, 50
motor evoked potentials, 100-102
motor symptoms, 71-3
mouse hepatitis virus, 28, 39, 48
muscle atrophy, 71
muscle reflexes, 99-100
muscle spasms, 85; see also spasticity
myelin, and pathogenesis, 17-19
myelin-associated glycoprotein, 19-20
myelin basic protein

benign course indicator, 124
diagnostic use, CSF, 114
as target antigen, 24-5
urine levels, predictive value, 152

myelin basic protein-specific T-cell clones, 44, 46-7
myelin degradation products, 17, 19
myelin oligodendrocyte glycoprotein

demyelination pathogenesis, 61-2
encephalitogenic properties, 25, 46-7

myelin stripping, 17
myelopathic syndromes, 129
myofunctional therapy, 141
myokymias, 66, 85

natural disease course, 116-20
neck flexion sign, see Lhermitte's sign
neopterin

cerebrospinal fluid levels, 43
urine levels, and disease activity, 152

nerve cells
reactive damage, 21
and T cells, 39-40

nerve conduction, 63-7, 167
neural transmission, see electrophysiology
neuroborreliosis, 128
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neuronal reorganization, 67
neurons, see nerve cells
neuropsychological disturbances, 81-2
neurosarcoidosis, 127-8
neurostatus scale, 150
9-hole peg test, 150
North-South prevalence gradient, 50-1, 55
nutrition, 145-7
nystagmus, 75, 77

clinical presentation, 75, 77
frequency of, 86
oculography, 102-3

ocular movements, see eye movements
oculography, 102-3
oligoclonal bands, 41-2

diagnostic use, 89, 112-14
methodology, 41-2

oligodendrocytes
in active plaques, 9-10, 20
plaque development role, 19-20
remyelination role, 19-20, 22
and T cells, 39-40

Olmstedt County registry, 51-2
optic neuritis, 75-7

and blood-brain barrier, 57-8
clinical presentation, 75-7
demyelination relationship, 75
measurement, 75-6
as prognostic indicator, 76-7
recurrence risk, 76
reversible conduction block, 65
steroid treatment, 153-5
subclinical disturbances, 76
visual disturbances, 75
visual evoked potentials, 95

Orkney Island, 51
orofadal therapy, 141
osteoporosis, 84
outcome measures, 149-52

P100 wave, 92-4
pain

classification, 83-4
clinical presentation, 83-4
drug treatment, 144-5

panarteritis nodosa, 127
paraparesis, 71-2
pareses, 71-2, 86
paresthesias, 73, 86
Parkinsonian syndrome, 85
paroxysmal phenomena, 84-5

extracortical origin, 85
and neural excitability, 66
seizures, 84-5

partial remission, 119
pathology, 7-23
pattern-reversal checkerboard stimulation, 92
pectin-containing foods, 146
pentoxifylline, 163
peripheral autoimmune neuritis, 28-9
peripheral nervous system

conduction block, 65
inflammatory demyelination models, 28-9
plaques, 16

Index

perivascular inflammation, see inflammation
periventricular white matter, 16, 107-9
personality, 81
phagocytosis, 17, 19
phosphenes, 76
physiotherapy, 136-40
plaques

active versus inactive, 9-10
development of, 16-23
distribution of, 8, 16
and inflammation, 13-15, 59-60
pathogenesis, 57-62
pathology, 7-29

plasma exchange, 164
polyunsaturated long-chain fatty acids, 146
pontine micturition center, 79-80
Poser criteria, 88-9
posterior fossa lesions, 125, 129
postural control exercises, 138
prednisone, 153-6
pregnancy

exacerbation rate, 57, 118
immunosuppression, 40-1

premorbid personality, 81
prevalence rates, 50-3
primary progressive course, 119-20

clinical characteristics, 119-20
drug treatment, 167
magnetic resonance imaging, 110-11
prognosis, 122-3

primary Sjogren's syndrome, 126
prognosis, 121-4

magnetic resonance imaging use, 111, 121
progression index, 121-3

progression index, 121-3
progressive multifocal leukoencephalopathy, 19
progressive spastic paraparesis, 119-20
proprioceptive neuromuscular facilitation, 136, 141
proteolipid protein, 25, 44
psychogenic disturbances, 130
psychological disturbances, 81-3
psychological stress, 83, 119
puberty, 56
Pulfrich phenomenon, 65, 76
pyramidal deficits, 122-4
pyridinolmesilat, 141-2

quality of life, 131

racial factors, and risk, 53
rapamycine, 160
Rebif®, 162-3
reflex inversion, 72-3
reflexes

clinical presentation, 72-3
diagnostic use, 99-100

refractory periods, 63, 65
rehabilitation, 135
relapse rate, 118, 156-67
relapsing remitting course, 117-19

definition, 88, 117-18
drug treatment, 152-67; combinations, 165-7
prognosis, 122
triggers, 118-19

relative refractory period, 63, 65
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remission, 86, 88, 119; see also relapsing remitting
course
remyelination, 21-3

in acute versus chronic MS, 22-3
drug enhancement, 167
electrophysiology, 23, 65
histology, 9, 12-13, 18, 21-3
and oligodendrocytes, 19-20, 22-3
and shadow plaques, 13, 22
speed of, 22-3
in spinal cord, 23

respiratory muscle training, 138
resting membrane potentials, 63
Rindfleisch, E., 4
rolipram, 163

saccades, 77,103
sacral micturition center, 79-80
sarcoidosis, 127-8
scanning speech, 74-5
Scripps score, 150
secondary progressive course, 119-20

clinical characteristics, 119-20
drug treatment, 153, 166-7
intravenous steroids in, 153
magnetic resonance imaging, 110-11

segmental demyelinan'on, 9
seizures, 84-6
sensory disturbances

clinical presentation, 73-4
frequency, 86
prognosis indicator, 122-4

serial MRI, 110-11, 151, 153
sex differences

and disease onset, 116
epidemiology, 53

sexual disturbances, 80-1
shadow plaques

histology, 9, 12-13
and remyelination, 22

shared family environment, 35
Shetland Island, 51
siblings, 35, 53
sicca complex, 126
silent lesions

and benign course, 123
evoked potentials, 95-6, 102

singulrus, 85
Sjogren's syndrome, 126
sodium channels, 63-5
somatosensory evoked potentials, 95-8
spasticity

clinical presentation, 72-3
drug treatment, 141-2
measurement, 72
and neuronal regeneration, 67, 141
pathophysiology, 141
physiotherapy, 137-40

speech disturbances, 74-5
speech therapy, 141
sphincter electromyography, 103-5
sphincterotomy, 105
spin echo MRI, 106-7
spinal cord lesions

chronic progressive course, 119-20

magnetic resonance imaging, 111
plaque distribution, 16, 58
remyelination, 23

spinocerebellar degeneration, 128-9
Spirochaeta myelophthora, 6
standing exercises, 138
stapedius reflex, 99
steroids, 152-6

chronic treatment adverse effects, 153
high-dosage use, 153-6
in optic neuritis, 153-5
pulse treatment regimen, 156
relapsing MS treatment, 152-6
side effects, 155-6

STIR sequence, 111
stress, 83, 119
stress proteins, 14
subclinical lesions, see silent lesions
subcortical dementia, 82
subcortical lesions, on MRI, 108-9
suicide risk, 82
"surrogate" markers, 150-1
survival time, 121, 135
Switzerland, 52
symptomatology, 71-86
systemic lupus erythematosus, 126

T-cell vaccination, 165
T-cells

astrocyte interactions, 39-40
blood-brain barrier penetration, 37-9, 59-60
cerebrospinal fluid levels, 43-4
done production, 44
demyelination role, 61
endothelial cell interactions, CNS, 38-9
experimental autoimmune encephalitis role, 45-8
in HLA system, 30-3
humeral immune system synergy, 46-7
inflammation pathogenesis, 13-15, 59-61
monoclonal antibodies, treatment, 163-4

tacrolimus, 160
TAP2 polymorphisms, 34
temperature, and electrophysiology, 65-6
tetrahydrocannabinol, 142
Theiler's virus model, 27-8
therapy, 148-67
thermoliability, 65-6
tibialis somatosensory evoked potentials, 95-6
tizanidin, 141-2
tonic seizures, 66
total lymphoid irradiation, 159-60
transforming growth factor-p, 163
trauma, as relapse trigger, 118-19
tremor

clinical presentation, 74
drug treatment, 145

triceps reflex, 72-3
trigeminal neuralgia, 83, 85, 144
trunk ataxia, 75
tumor necrosis factor-a

cerebrospinal fluid levels, 43
diagnostic value, CSF, 114
inflammatory lesions role, 15
inhibiting/counteracting agents, 163

tumors, 129
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twin studies
immune system, 35-6
and risk, 54-5

Uhthoff phenomenon, 66, 75
urge incontinence, 104-5
urinary urgency, 104

vaccination, 165
vasculitic syndromes, 126-7
vibration sense disturbances, 73-4, 86
viral infections

autoimmune reaction trigger, 48
and blood-brain barrier, 59
demyelination pathology, 27-8
genetics, 48
pathogenesis, 56-7, 59
T-cell activation, 41

visual disturbances, 75-7, 86

visual evoked potentials, 92-5
diagnostic value, 95
general principles, 90-5
restoration of, in optic neuritis, 65
stimulation methods, 92-4

vitamin B12 resorption test, 129
von Schiedham, Lidwina, 3

W-configuration, 93-4
Wallerian degeneration, 16
water therapy, 138
wheelchair patients, pain, 83-4
white matter lesions

magnetic resonance imaging, 107-8
pathology, 15

"window of opportunity," 56
working capacity, 123

zinc, 57
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