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Clinical, CSF, and MRI findings in Devic's
neuromyelitis optica

J I O'Riordan, H L Gallagher, A J Thompson, R S Howard, D P E Kingsley,
E J Thompson, W I McDonald, D H Miller

Abstract
Objectives-Since Devic's original descrip-
tion of neuromyelitis optica in 1894 there
has been much debate regarding its aetiol-
ogy. A specific cause has been identified in a
minority of cases but in most the question
has arisen whether or not Devic's neu-
romyelitis optica is a variant of multiple
sclerosis. This study was undertaken to
help clarify this issue.
Methods-Neuromyelitis optica was
defined as (1) a severe transverse myelitis;
(2) an acute unilateral or bilateral optic
neuropathy; (3) no clinical involvement
beyond the spinal cord or optic nerves, and
(4) a monophasic or multiphasic illness.
The clinical and autoantibody status was
documented. Patients underwent CSF
examination and MRI of brain and spinal
cord.
Results-Twelve patients, with a mean age
of presentation of 35-1 years, were seen.
Eleven were women; vision was reduced to
counting fingers or worse in 10 patients and
seven became confined to a wheelchair.
Examination ofCSF showed local synthesis
of oligoclonal bands in only two patients
and a neutrophil pleocytosis in two. A pos-
sible aetiology was identified in five: a spe-
cific connective tissue disorder (two),
pulmonary tuberculosis (one), and possible
acute disseminated encephalomyelitis
(two). Six had non-specific increases in
various autoantibodies. Eleven patients
underwent MRI of the brain and spinal
cord. In 10 there were diffuse abnormali-
ties involving cervical and thoracic cords
with extensive swelling in the acute phase.
Brain MRI was normal in five; in five there
were multiple deep white matter lesions,
and one patient had minor age related
changes.
Conclusion-It is proposed that Devic's
neuromyelitis optica is a distinctive disor-
der with some clinical, CSF, and MRI fea-
tures different from those found in classic
multiple sclerosis. In most cases a specific
aetiology is not identified, but an immuno-
logical mechanism of tissue damage seems
likely.

(3 Neurol Neurosurg Psychiatry 1996;60:382-387)
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Sir Christopher Allbutt first alluded to an
association between spinal cord disease and

visual loss in 1870.1 Eugene Devic, a physician
at L'Hopital de la Croix-Rousse in Lyon, sub-
sequently described a case and inspired his
student Fernand Gault to write a thesis on the
topic.2-4 It was Gault who suggested a separate
clinical entity termed neuroptico-myelites
(neuromyelitis optica). The syndrome soon
became known by Devic's name and is charac-
terised by a severe acute transverse myelitis
plus an acute or subacute optic neuropathy
with or without recovery. It may follow a
monophasic or multiphasic pattern. Despite
the many extensive reviews over the past cen-
tury its status as a distinct entity has been
uncertain.5-8 In a proportion of cases a specific
cause has been identified,9-'8 and in most cases
of uncertain cause there has been much debate
as to whether it is a variant of multiple sclerosis
or a distinct clinical syndrome.We report the
clinical, CSF, and MRI findings of 12 patients
with Devic's neuromyelitis optica and discuss
their importance.

Materials and methods
The case records of patients attending the
National Hospital of Neurology and
Neurosurgery, Queen Square and Moorfield's
Eye Hospital between 1986 and 1994 with
neuromyelitis optica were reviewed. The dis-
ease was defined as (1) a complete transverse
myelitis (an acutely developing and severe
paraparesis or tetraparesis affecting motor and
sensory pathways with or without sphincteric
involvement; evolving over one to 14 days,
with a sensory level, and in the absence of cord
compression); (2) an acute unilateral or bilat-
eral optic neuropathy; (3) no clinical involve-
ment beyond the spinal cord or optic nerves;
and (4) the illness could be monophasic or
multiphasic. The clinical course of each
patient was documented, and the eventual
outcome was graded as mild-minimal weak-
ness and fully ambulatory; moderate-moder-
ate weakness although still ambulatory with
the aid of unilateral or bilateral assistance; or
severe-severe paraparesis, confined to wheel-
chair or bed.

In addition to the standard haematological
investigations all patients had an autoantibody
screen consisting of antinuclear antibody,
rheumatoid factor, anti- double stranded
DNA, thyroid thyroglobulin, thyroid micro-
somal, gastric parietal, smooth muscle, mito-
chondrial, reticulin, and antiphospholipid
antibodies.
The CSF was analysed as follows: a qualita-
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tive analysis involving electrophoresis on acry-
lamide gel, light chain immunoblots of acry-
lamide gel, and IgG immunoblots of
isoelectric focusing to identify the presence of
serum proteins, evidence of blood-brain bar-
rier breakdown and the presence of oligoclonal
banding; a quantitative analysis of total pro-
tein and components using a densitometer
scan of acrylamide gel and total white cell
count, white cell differential, and cytology.

Magnetic resonance imaging was performed
on a Picker 0 5 T or a GE Signa 1.5 T scan-

ner. Brain MRI was performed in the axial
plane with 5 mm thick slices using Ti and T2
weighted sequences. In addition three patients
received intravenous gadolinium DPTA. The
brain was divided into seven areas: frontal,
temporal, parietal, occipital, basal ganglia,
brain stem, and cerebellum. Lesion size
was graded as 1: < 5 mm, 2: 5-10 mm,
3: > 10 mm or 4: confluent. The spinal cord
was imaged in the sagittal plane with axial
images through areas of abnormality. The
spinal cord was assessed with regard to cord
swelling, cord atrophy, canal size, and signal
intensity.

Results
Twelve patients fulfilled the diagnostic criteria
for entry to the study. Four patients were of
Asian origin, one African, one Afro-West
Indian, five Caucasian, and one Mediter-
ranean. There were 11 women and one man

with a mean age of 40 (range 16-65) years. A
possible aetiology was identified in five cases;
two patients ( 10 and 12) developed a mono-

phasic transverse myelitis and bilateral optic
neuritis several weeks after a non-specific
infective illness, and the probable diagnosis
was acute disseminated encephalomyelitis.
Another, with a history of pulmonary tubercu-
losis five years previously but with no clinical,
radiological, or laboratory evidence of recur-

rence, developed bilateral optic neuropathy
followed by transverse myelopathy after a

period of six months without further episodes.
All other patients had multiphasic involvement
of the optic nerve or spinal cord. Two patients
had a coexisting collagen vascular disease (sys-
temic lupus erythematosus and mixed connec-

tive tissue disease). These two and six others
had raised concentrations of various autoanti-
bodies. The interval between development of

Table 1 CSFfindings

Blood-brain Local synthesis Total White
barnier oligoclonal protein cell %

Patient no breakdown bands (mgldl) countlmm3 Polymorphs

1 + - 75 1 0
2 + - 140 4 94
3 - - 27 18 NA
4 + - 60 5 0
5 NA - NA NA NA
6 + - 38 1 14
7 + - 280 58 1 8
8 + + 52 1 14
9 + + 140 5 NA
10 + - 208 38 0
1 1 + - 147 225 80
12 + - 110 110 NA

NA = not available.

myelopathy and optic neuropathy was less
than two years in 10 patients. In one there was
an interval of five years.

MYELOPATHY
The mean age of onset of myelopathy was
35-1 (range 16-60) years. Four patients had a
single episode with poor recovery. Four
patients had a single relapse; this followed a
period of one year in one, two years in two,
and 14 years in another. Four patients had
more than one relapse. The myelopathy
involved the cervical cord clinically in 10
patients and response to treatment was vari-
able but generally poor. All patients received a
course of high dose intravenous methyl pred-
nisolone and three received cyclophos-
phamide. Two patients exhibited steroid
dependency with worsening of both myelopa-
thy and optic neuropathy on reduction of the
steroid dosage. Another had an episode of pro-
found bradycardia during methyl prednisolone
infusion. Three patients required prolonged
intensive care with mechanical ventilation, one
necessitating a tracheostomy, during the acute
stages. Four patients made a good initial
recovery but developed persistent paraparesis
after subsequent relapses. At follow up five
patients were ambulatory with the aid of uni-
lateral or bilateral assistance; seven were con-
fined to a wheelchair.

OPTIC NEUROPATHY
The mean age of onset of optic neuropathy
was 35-2 (range 14-61) years. This was bilat-
eral in 10 patients and followed a relapsing-
remitting pattern in five. The prognosis for
visual symptoms was generally poor. Ten
patients had persistently diminished vision to
counting fingers or worse in one or both eyes.
Of these, visual evoked responses were absent
in nine. In one patient there was a normal
latency but diminished amplitude; a pattern
more suggestive of axonal damage than
demyelination. Visual evoked responses were
not available for one patient. Patient 11 under-
went open biopsy of the right optic nerve near
the chiasm, which showed reactive astrocyto-
sis.

CSF
All patients had one or more CSF examina-
tions. In 10 there was negative oligoclonal
banding. Of those who were positive, there
was a diffuse increase in r globulins with iden-
tical oligoclonal banding in both CSF and
serum in two indicating systemic synthesis of
IgG. Thus only two patients showed intrathecal
synthesis of oligoclonal bands. Patient 9 had
serial CSF which showed local synthesis of
IgG in the first sample plus a restricted anti-
body response to an antigen outside the CNS
in subsequent samples. The total protein
count was raised in nine. Seven patients had
five or more white cells per mm3; differential
white cell count showed a predominantly poly-
morphic leucocytosis in two; in three others
there was an abnormal presence of poly-
morphs; one patient had atypical or reactive
lymphocytes on cytology.
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Table 2 Clinical and laboratory findings

Age at presentation Spinal Cord MRI
Possible Brain MRI

Optic specific No abnormal Pattern of
Patient no Sex Myelopathy neuropathy Autoantibody causes Baseline Follow up segments Swelling illness

1 F 53 48 Thyroid thyroglobulin ND ND ND ND Multiphasic
Thyroid microsomal

2 F 33 32 Tuberculosis - - C7 to T6 + Monophasic
3 F 35 37 Thyroid thyroglobulin - - C3 to T9 + Multiphasic

Thyroid microsomal
4 M 19 19 - - C4 to T6 + Multiphasic
5 F 42 41 ANA, smooth muscle

DS DNA,
Gastroparietal SLE - - C5 to TI 1 + Multiphasic
Acetyl choline rec ab
Low C3 & C4

6 F 21 22 Thyroid thyroglobulin + ND C 1/2 and - Multiphasic
T1/2

7 F 18 17 ANA + ND C2 to T5 + Multiphasic
8 F 56 58 Smooth muscle + ND C3 to C7 + Multiphasic

Rh factor
9 F 60 61 ANA, Low C3

Thyroid thyroglobulin MCTD + No change Cl to TI0 + Multiphasic
Gastroparietal

10 F 36 36 Gastroparietal Probable + Partial Medulla to + Monophasic
ADEM resolution C7

1 1 F 16 14 Nil - - C3 to T5 + Multiphasic
12 F 32 32 Nil Probable + Partial Extensive + Monophasic

ADEM resolution

ND = not done; ANA = anti nuclear antibody; DS DNA = double stranded DNA; acetylcholine rec ab = antiacetylcholine receptor antibody; SLE = systemic
lupus erythematosus; MCTD = mixed connective tissue disease; ADEM = acute disseminated encephalomyelitis.

BRAIN MRI
Eleven patients underwent MRI of both brain
and spinal cord. Four patients had serial brain
and six serial spinal cord imaging. The interval
between scans varied between two months and
four years. the brain parenchyma was entirely
normal in five. In a sixth patient aged 60 there

was a confluent periventricular lesion and a
single separate lesion of less than 5 mm. This
was unchanged over three years and consid-
ered to be a normal age related finding. Three
patients had normal serial brain imaging. Five
patients exhibited multiple cerebral white mat-
ter abnormalities considered to be abnormal

Figure 1 Sagittal T2
weighted MRI ofspinal
cord ofpatient 5 showing
extensive swelling of the
cervical and thoracic
segmnents with high signal
intensity.
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Figure 2 T2 weighted
axial MRI of brain of
patient 10 showing multiple
deep white matter lesions.

for their age. On follow up, there was partial
reduction in the abnormalities in the two
patients with possible acute disseminated
encephalomyelitis. Abnormalities tended to be
supratentorial and located predominantly in
the frontoparietal white matter. There was a
single lesion in the basal ganglia. Two patients
had signal change in the optic nerves; one with
associated swelling. Apart from involvement of
the lower medulla in continuity with the cervi-
cal cord abnormalities infratentorial lesions
were not seen.

SPINAL CORD MRI
Ten patients had spinal cord swelling which
was usually extensive during acute episodes of
myelitis. Their length varied from a single level
only to diffuse involvement of both cervical
and thoracic cords; usually multiple levels
were involved by the symptomatic lesion.
There was an associated high signal intensity
on the T2 weighted sequence. After the acute
phase, swelling usually diminished and signal
change became less intense, but in two
patients there was some persistence of swelling
and signal change for up to 18 months. One
patient did not show cord swelling during the
acute phase, but there were signal hyperinten-
sities at the C1/2 and T1/2 levels. Diffuse
enhancement over two segments of the spinal
cord in one and seven in another was seen
after intravenous gadolinium DPTA.

CASE ILLUSTRATIONS
Patient 5
A 41 year old Caucasian woman with a previ-
ous history of myasthenia gravis developed
complete loss of vision in the left eye over five
days without recovery. Four months later she
had a complete transverse myelitis with
sensory level to T4 and a generalised livido
reticularis rash. She had an erythrocyte sedi-
mentation rate of 60; low C3 and C4 concen-

trations; and a positive DNA binding antibody
compatible with a diagnosis of systemic lupus
erythematosus. The myelopathy improved
after treatment with steroids and cyclophos-
phamide. Two years later there was recurrence
of myelitis with partial response to treatment.
Brain MRI and CSF examination were nor-
mal. In the spinal cord, however, MRI showed
diffuse cord swelling with signal change from
C3 to TI1 (fig 1). After three weeks the
swelling had subsided and signal change was
limited to T2 to T9. Six months later she con-
tinued to have a moderate paraparesis.

PATIENT 10
A 36 year old patient of African origin devel-
oped a non-specific gastroenteritis two weeks
postpartum. Two weeks later there was a
painful loss of vision in the left eye and con-
comitant complete transverse myelitis with
bulbar and respiratory involvement necessitat-
ing mechanical ventilation. Six weeks later
there was visual loss in the right eye. The CSF
white cell count was 38 with a total protein of
208 mg%. There was frank transudate of
serum proteins with blood-brain barrier break-
down, but negative oligoclonal bands. Brain
MRI (fig 2) showed 63 deep white matter
lesions decreasing to 35 four months later.
Spinal cord imaging showed diffuse swelling
from the medulla to C7 and T3 to T5 (fig 3)
which was less pronounced on follow up. Her
clinical and MRI findings are consistent with
probable acute disseminated encephalo-
myelitis. There was a slight response to intra-
venous steroids; she continues to have a
moderate paraparesis and has reduced bilat-
eral vision to counting fingers.

PATIENT I 1
A 14 year old girl of Mediterranean origin
developed bilateral consecutive visual loss to
counting fingers over a four week period.
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Figure 3 Sagittal T2
weighted MRI with axial
slice through C4 ofpatient
10 showing extensive
swellingfrom the medulla to
C7 with involvement of the
whole diameter of the cord.

There was full recovery after intravenous
steroids. Eighteen months later there was a
recurrence with bilateral progressive visual
failure unresponsive to steroids. Brain
parenchyma MRI was normal; there was
intrinsic enhancement of the optic nerve with
swelling at the chiasm. Biopsy showed a reac-
tive astrocytosis. Six months later she devel-
oped a complete transverse myelitis with a
sensory level to T6. Brain MRI was again nor-
mal; MRI of the spinal cord showed diffuse
swelling and signal change from C3 to T5.
Her CSF showed a pleocytosis (white cell
count 225/mm3; 80% polymorphs) and a pro-
tein count of 1-47 g/l. Oligoclonal bands were
negative. She was unresponsive to steroids and
remains paraparetic and blind.

Discussion
Since Devic's original description in 1894 of
neuromyelitis optica there has been much
debate regarding its aetiology.2 8 Without
doubt, a specific cause or associated disease
has been identified in a minority of cases,9- 6

but in most it has not and in such patients the
question has arisen whether or not Devic's
neuromyelitis optica is a variant of multiple
sclerosis.6 8 7 Postmortem data in such cases
has been inconclusive-in some there have
reports of typical demyelinating lesions
beyond the spinal cord and optic nerves as
seen in classic multiple sclerosis,7 whereas
other reports describe more destructive fea-
tures such as necrosis and cavitation within
the spinal cord along with thickening of vessel
walls,820 features which are not expected in
multiple sclerosis.
A difficulty in interpreting these and other

published studies is the variable definition of
the clinical criteria used to diagnose Devic's
neuromyelitis optica. Involvement of the
spinal cord and optic nerves without further
qualification is insufficient-clearly many
patients with multiple sclerosis would be
included. Conversely, restricting inclusion
only to those with a monophasic, simultaneous
and severe affliction of the spinal cord and
both optic nerves would exclude patients who
seem to have a clinical pattern distinct from
"classic" multiple sclerosis. Our classification

is a compromise between these two extremes,
which seems to us to best describe a group
who present a real challenge in terms of diag-
nosis and management. The essential require-
ments were: (1) a severe (more or less
complete) transverse myelitis, an uncommon
finding in multiple sclerosis; (2) an acute uni-
lateral or bilateral optic neuropathy; (3) no
clinical involvement beyond the spinal cord or
optic nerves, and (4) the illness could be
monophasic or multiphasic. We were particu-
larly interested in evaluating the CSF and
MRI findings for brain and spinal cord in this
group of patients.

In five of our 12 patients a probable aetiology
was identified. Two had probable acute dissem-
inated encephalomyelitis, with a monophasic
bilateral optic neuritis and transverse myelitis
developing within two weeks of a non-specific
infectious illness. Brain MRI showed multifocal
lesions of the cerebral white matter at presenta-
tion, some of which had resolved at follow up
after four and 18 months without any new
lesions developing, and spinal MRI showed
swelling and signal change extending over many
segments of the cord in the acute phase. These
imaging features are all characteristic of acute
disseminated encephalomyelitis and are atypical
of multiple sclerosis in which new lesions often
appear at follow up and spinal lesions are usu-
ally small.2125
One patient had systemic lupus erythemato-

sus, another mixed connective tissue disease,
and a third had a history of pulmonary tuber-
culosis. The association of Devic's neuro-
myelitis optica with acute disseminated
encephalomyelitis, systemic lupus erythemato-
sus, and pulmonary tuberculosis has been pre-
viously noted.'016 One patient with systemic
lupus erythematosus had postmortem evi-
dence of haemorrhage, vasculitis, extensive
necrosis, and arachnoidal fibrosis in the spinal
cord and optic nerves.'0 The association of
pulmonary tuberculosis and necrotic myelitis
has also been reported by Hughes et al, who
suggested that the pathogenesis may be an
immune response of the spinal cord and optic
nerves to the mycobacterial infection whether
via a shared antigen, non-specific adjuvant
effect, or other mechanisms.'5 An immune
mediated response seems more likely in our
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patients, and others described in the medical
literature in whom the primary tuberculous
infection had been successfully treated at the
time of presentation with Devic's neu-
romyelitis optica. An immunopathogenic
mechanism also seems highly likely in our
patients with systemic lupus erythematosus,
mixed connective tissue disease, and acute dis-
seminated encephalomyelitis, given that these
are accepted immune mediated conditions.
Six other patients in our series exhibited a
variety of organ specific autoantibodies which
again points to an immunological mechanism
for Devic's neuromyelitis optica.

Whereas we accept in certain instances that
Devic's neuromyelitis optica may occur as a
result of demyelination from multiple sclero-
sis, there are some clinical, CSF, and MRI fea-
tures in our patients which would be
unexpected in multiple sclerosis. Firstly, in the
United Kingdom, multiple sclerosis is pre-
dominantly seen in the Caucasoid ethnic
group; in the present series, only five of 12
were Caucasoid.5657 Secondly, patients were
often left with permanent and severe deficits
after the acute episode, such an outcome being
unusual in the early relapsing and remitting
phase of multiple sclerosis.28 Thirdly, CSF
oligoclonal bands and brain MRI white matter
lesions were seen in only two of 12 and five of
11 of our patients respectively-in clinically
definite multiple sclerosis such abnormalities
are seen in over 90% of patients.29-31 Further-
more, follow up MRI showed partial resolu-
tion and/or no new lesions, an unlikely pattern
for multiple sclerosis. Fourthly, the acute
spinal cord lesion was invariably extensive,
with swelling and signal change extending over
many spinal cord segments. Although swelling
is often seen in acute cord lesions due to multi-
ple sclerosis, it is rare for the lesion to extend
beyond a single segment.23

There have been some other recent reports
of CSF and MRI findings in Devic's neu-
romyelitis optica.53233 The series of Mandler et
al has several similarities to ours.8 Eight
patients were described, none of whom had
oligoclonal bands; brain MRI was normal in
three patients studied with this modality.
Fazekas et al describe two patients in whom
there was swelling and enhancement in the
chiasm during the acute illness (similar to our
patient 1 1), but who had a normal brain MRI
and no CSF oligoclonal bands.33

In conclusion, we believe that the present
series of cases identifies Devic's neuromyelitis
optica as a distinct nosological entity.
Although it may have multiple specific causes,
an immunopathogenic mechanism seems
likely in all patients, and the clinical, MRI,
and CSF features are distinct from those seen
in relapsing-remitting multiple sclerosis.
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