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Six months before she was seen by us, the
referring physician started her on treatment
with Sinemet-plus 125 mg (carbidopa 25
mg, levodopa 100 mg) four times a day with
a dramatic initial benefit. Within a few
months, however, she noticed wearing off
problems with each dose lasting only three
hours and the dose was increased to six
Sinemet plus a day with one Sinemet CR
(carbidopa 50 mg, levodopa 200 mg) at
night.
The differential diagnosis in this patient

was between dopa responsive dystonia and
young onset Parkinson's disease. The initial
presentation with what seemed to be a
spastic paraparesis and the positive family
history suggested dopa responsive dystonia.
Later evaluation suggested the possibility of
young onset Parkinson's disease as she had
developed wearing off dose responses early
after initiation of treatment with Sinemet.5
By contrast, patients with dopa responsive
dystonia are known to have a sustained long
term benefit without complications on small
doses of levodopa. For purposes of progno-
sis and further management it was important
to distinguish between the two conditions.
This was achieved with '8F-dopa PET
which showed significantly reduced tracer
uptake in the putamen (averaged side
to side, Ki values using an occipital
reference; patient caudate = 0-0080 (0-0108
± 0-0017), patient putamen = 0-0034
(0 0099 ± 0-0011)). These findings were
suggestive of a diagnosis of young onset
Parkinson's disease.3 4 With a diagnosis of
young onset Parkinson's disease established
the drug therapy was modified by giving her
levodopa sparing drugs such as amantadine,
dopamine agonists, and anticholinergic
drugs to avoid the levodopa induced motor
fluctuations for as long as possible.

This case shows the part functional imag-
ing can play in selected cases and the
prognostic and therapeutic implications
made possible by this technique.
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Severe combined degeneration of the
spinal cord after nitrous oxide anaes-
thesia in a vegetarian

Nitrous oxide has been extensively used as
an anaesthetic agent and is regarded as an

ideal drug with few side effects. We report a
female vegetarian who developed subacute
combined degeneration of the spinal cord
due to lack of vitamin B 12 one month after
nitrous oxide anaesthesia.
A 50 year old white woman had become a

vegetarian 10 years before admission. Over
the past five years, she had increasingly
restricted her diet to include only apples,
nuts, and raw vegetables; intentionally
avoiding legumes. Six weeks before admis-
sion she underwent surgery for a right hip
fracture acquired while ice skating. Her pre-
operative blood count showed a mild macro-
cytic anaemia with a packed cell volume of
33-8% (normal 37% to 47%), and a mean
corpuscular volume of 101-2 (normal 80 to
93) fl. During combined anaesthesia with
isoflurane, she was ventilated with 66%
nitrous oxide for two hours. She continued
her diet without any supplementation of vit-
amins or folate. Four weeks later, she
rapidly developed increasing unsteadiness of
gait and sensory impairment of her legs. Six
weeks after anaesthesia, she was unable to
walk and was readmitted to hospital. She
showed normal mental status and cranial
nerves. A spastic paraparesis of her legs,
more pronounced on the right, was found
with increased muscle reflexes and bilateral
extensor plantar responses. She had severe
impairment of position and vibration sense
up to the iliac crest. Laboratory results
showed a macrocytic anaemia with a packed
cell volume of 28% and a mean corpuscular
volume of 108-3 fl. Blood vitamin B 12 con-
centrations were decreased to 29-6 (normal
48-443) pmol/l with normal folate concen-
trations. Schilling test (part I) gave a normal
result. Gastric biopsy ruled out atrophic gas-
tritis. Electrophysiological testing showed
normal brainstem auditory evoked poten-
tials, prolonged latency of visual evoked
potentials, absent tibial derived somatosen-
sory evoked potentials, prolonged central
motor conduction time, and mild reduction
in peripheral motor and sensory nerve con-
duction velocity. Cervical and thoracic
spinal cord MRI showed increased signal
intensity within the dorsal columns on T2
weighted images. Brain MRI was normal. A
diagnosis of subacute combined degenera-
tion of the spinal cord secondary to vitamin
B 12 deficiency was made and injections of
cyanocobalamin were begun. After five
months her clinical status was much
improved. She was able to walk on crutches
and had only mild spastic paraparesis of the
legs, but still severe impairment in position
and vibration sense. The tibial derived
somatosensory evoked potentials continued
to improve at one year after anaesthesia.

Vitamin B 12 deficiency in vegetarians is
rare as only 5 ,g of vitamin B 12 is needed
per day and an adequate amount is usually
available in legumes. Because our patient
intentionally avoided legumes in her strictly
vegetarian diet and her preoperative mean
corpuscular volume was raised, it is likely
that she had a pre-existing vitamin B 12
deficiency due to malnutrition. In patients
with a vitamin B 12 malabsorption the
course of subacute combined degeneration
is mostly mild with only a minor neurologi-
cal deficit six months after the onset of
symptoms. As our patient had an interval of
only two weeks between the beginning of
paraesthesiae and being confined to a wheel-
chair a natural course of combined degener-
ation is highly unlikely.

Nitrous oxide is known to oxidise the
cobalt (Co) atom of vitamin B 12 from an

active Co (I) to an inactive Co (II) or Co
(III) state, which in turn reduces activity of
cobalamin dependent enzymes. In particu-
lar, the methionine synthase methylcobal-
amin complex is rendered irreversibly
inactive. In healthy subjects this side effect is
well compensated for by large vitamin B 12
stores in the liver and bone marrow for up to
24 hours during nitrous oxide anaesthesia.
For patients with a preexisting vitamin B 12
deficiency, even a short nitrous oxide anaes-
thesia may deplete the few remaining stores.
Furthermore, the inactivation of methionine
synthase by nitrous oxide may be more rapid
in patients with low concentrations of vita-
min B 12.

Only seven patients who developed com-
bined degeneration after a short nitrous
oxide anaesthesia have been reported so
far.' 6They were five women and two men
with an age range from 25 to 70 years. The
duration of nitrous oxide application ranged
from 90 minutes to 235 minutes and the
elapsed time between anaesthesia and onset
of symptoms was between 14 days and eight
weeks. The cause of vitamin B 12 deficiency
was resection of the terminal ileum for
Crohn's disease in one patient, pernicious
anaemia in four, and not stated in one. One
patient had pernicious anaemia and was a
vegetarian, but not a very strict one.' To our
knowledge this is the first case of vegetarian-
ism alone leading to subacute combined
degeneration of the spinal cord secondary to
vitamin B 12 deficiency after short term
nitrous oxide anaesthesia.

In summary, our patient shows that for
strict vegetarians nitrous oxide might be a
harmful anaesthetic and should draw the
attention of physicians to the eating habits of
their patients scheduled for anaesthesia.
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Homozygosity for Machado-Joseph dis-
ease gene enhances phenotypic severity

Machado-Joseph disease is an autosomal
dominant ataxia originally described in
Portuguese emigrants to Massachusetts and
California, and now described worldwide.'
Clinical phenotypes of Machado-Joseph dis-
ease vary widely, and have been considered
to correlate with the age of onset; the
younger the age of onset, the greater the
extent of dystonia and pyramidal signs; the
older the age of onset the more pronounced
the cerebellar ataxia and peripheral neuropa-
thy. Recently, the gene responsible for
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Machado-Joseph disease was cloned,2 and
the degree of CAG expansion in the gene
clearly correlated with the age of onset, as
has been shown in other trinucleotide repeat
diseases. Moreover, clinical phenotypes of
Machado-Joseph disease type I, II, and III
were also reversely correlated with the extent
of CAG repeat expansion,3 suggesting that
CAG repeat size is one determinant factor
for the age of onset and clinical phenotypes
of Machado-Joseph disease. Lang et al4
described a homozygous patient determined
by genotyping of the members of the family,
and suggested that the dose of the
Machado-Joseph disease gene was an impor-
tant determinant of the age of onset and
clinical phenotype. In this report, we
describe a family with Machado-Joseph dis-
ease, the propositus of which was homozy-
gous for the Machado-Joseph disease gene
with almost the same size of CAG expansion
as his parents, but who exhibited a far
younger age of onset with more severe and
different phenotypes than his parents.

Patient 1 was a 42 year old Japanese man
whose parents were cousins (figure, A;
patient III:2). He first exhibited an unsteady
gait at the age of 28, which caused lumbago
and pain on the lateral side of his lower legs.
Subsequently, slurred and dysarthric speech,
a tendency to fall, and difficulty in climbing
stairs also developed. Facial grimacing,
which occurred particularly during speech
and other volitional motion, was noticed.
Neurological examination at the age of 31
showed a very unsteady wide based gait with
generalised slow movement as well as slow,
slurred speech. Fasciculations in the facial
muscles and dystonic facial grimacing were
present. Horizontal and upward vertical nys-
tagmus was induced by lateral and upward
gaze. Upward gaze was moderately
impaired. Saccadic smooth pursuit and slow
eye movement occurred. Bulging eyes were
present. Muscle strength and size were gen-
erally well preserved. Deep tendon reflexes
were generally hyperactive, being particu-
larly pronounced in the patellar and achilles
tendon reflexes, and Babinski's sign was
seen on both sides. Muscle tone was
increased, especially in the legs. Touch,
pain, joint position, and vibration sense were
not impaired. Dystonic posture was recog-
nised in the hands and feet, particularly in
volitional motion. Coordination of the limbs
was impaired by the dystonic postures and
cerebellar limb ataxia. Routine haematology,
serum biochemistry, urinalysis, and protein
and cell concentrations in the CSF were
normal. Needle EMG examination showed
mild denervation potentials with giant spikes
and complex nerve-muscle units in the mus-
cles examined. Motor nerve conduction and
amplitude of the muscle action potentials
were normal in the median and tibial nerves.
Sensory nerve conduction and sensory nerve
action potentials were also normal in the
median and sural nerves. Cranial MRI
showed atrophy of the cerebellar vermis and
brain stem and dilatation of the fourth ven-
tricle. By the age of 32, he was unable to
walk alone and was confined to a wheel-
chair.

Patient 2 was a 66 year old man, the
father of patient 1 (figure, A; patient II:15).
At the age of 63, his speech was noticed to
be slightly dysarthric by others, although he
himself did not recognise it. He became
aware of unusual leg fatigue after walking.
His daily activities were not, however,
impaired. Neurological examination at the
age of 66 showed a somewhat wide based
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and unsteady gait. Very mild truncal
unsteadiness was also recognised. Saccadic
smooth pursuit and fine horizontal nystag-
mus were seen in lateral gaze, and there was

a limited upward gaze. Bulging eyes were
not seen. His speech was mildly slurred and
dysarthric. There was no fasciculation in the
facial and bulbar musculatures, nor any dys-
tonic or grimacing expression. Limb ataxia
was not apparent, but there was a slight
clumsiness in the hands and fingers during
diadochokinetic movements. Muscle
strength and size were normal, and deep
tendon reflexes were all normal except
Achilles tendon reflexes which were hypoac-
tive on both sides. Babinski's sign was not
seen. Muscle tonus was generally hypotonic.
Vibration sense was moderately impaired in
the toes on both sides but other sensory
modalities were normal. Routine haematol-
ogy, biochemistry, and CSF examinations
were all normal. Motor nerve conduction
velocities and the amplitude of the com-

pound muscle action potentials were nor-

mal, but distal motor latency was prolonged
in the median and posterior tibial nerves.

Sensory conduction studies were normal in
the median and sural nerves. Atrophy of the
cerebellar vermis and enlargement of the
fourth ventricle were seen on cranial MRI.

Patient 3 was a 78 year old woman, the

(A) Pedigree of the family. Squares = males;
circles = females; closed symbols = affected
members; slashed symbols = deceased members.
There is a consanguinous marriage between the
parents of the homozygous patient. (B)
Analysis of the CAG repeat size in the
Machado-Joseph disease gene.

mother of patient 1 (figure, A; patient II:2).
She had an unsteady gait when she was 65
years old. Subsequently, she could hardly
walk without support. At 76 years of age,
she became confined to a wheelchair after a
fall with a fracture of the right femur.
Slurred speech also developed. Neurological
examination at the age of 78 showed that
she could just manage to stand by assuming
a wide based stance. She could not walk
without support. There was saccadic pursuit
eye movement, and lateral gaze evoked fine
horizontal nystagmus and limited upward
gaze. Bulging eyes were not present. Her
speech was slightly slurred and ataxic. Facial
muscles were normally preserved, and there
was no contraction fasciculation. Very mild
limb ataxia manifested as terminal oscilla-
tion of the fingers. Muscle strength was sub-
stantially preserved except for the leg with
the bone fracture. Muscle tonus was normo-
tonic in the upper limbs and hypotonic in
the lower limbs. Deep tendon reflexes were
generally hypoactive, but Babinski's sign was
present on both sides. There was a moderate
decrease in light touch, vibration, and joint
position sense at a level below both knees.
There were no abnormal findings on routine
biochemical, haematological and CSF exam-
ination. Motor conduction velocities of the
median and posterior tibial nerves were
fairly well preserved. Sensory nerve action
potentials in the median and sural nerves
were not elicitable. Cranial MRI showed
atrophy of the cerebellar vermis and brain
stem as well as dilatation of the fourth ven-
tricle.
Genomic DNA was extracted from the

leucocytes of these patients. MJ-N-
(5'-TCGTGAAACAATGTATTTTCCT-
TATG-3') and MJ-RN(5'-GATGTGAAC-
TCTGTCCTGAT-3') were used as primer
pairs for polymerase chain reaction (PCR)
analysis. Genomic DNA (200 ng) was used
for 20,l of PCR reaction and amplification
and CAG repeat size analysis was carried
out as previously described.23 The CAG
repeat size of the father was 66 for the
mutant allele, and 27 for the normal allele,
and those for mother were 67 and 19 respec-
tively (figure, B). However, patient 1
showed only one type of allele with 67 CAG
repeat size, indicating that this patient had
homozygous alleles for the Machado-Joseph
disease gene (figure, B). The CAG repeat
size was the same as his mother's and only
one unit longer than the mutant allele of his
father.
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Patient 1 showed onset at the age of 28
with facial and limb dystonia, pyramidal
signs, and cerebellar ataxia as well as bulging
eyes and ophthalmoplegia. His father was 63
at disease onset and his mother 65. More-
over, their clinical manifestations were very
mild compared with those of the son-
namely, mild cerebellar signs and mild to
moderate peripheral nerve involvement
without bulging eyes. Cranial MRI, how-
ever, showed moderate to severe cerebellar
and brain stem atrophy as well as an
enlargement of the fourth ventricle. These
abnormalities in the parents were unexpect-
edly large compared with the extent of their
clinical manifestations. Slow progression of
the disease process in the parents may have
led to the expression of milder clinical mani-
festations than those of the son, despite a
similar degree ofMRI abnormalities.

Although the age of onset and clinical
phenotypes were very different between the
parents and their son, the CAG repeat size
for the mutant allele was almost the same;
67 for the mother and son, 66 for the father.
The age of disease onset for the son was sig-
nificantly earlier than the expected 95%
confidence regression lines on the correla-
tion between the onset age and CAG repeat
size.3 These findings strongly suggest that
the differences in the age at onset and clini-
cal phenotypes between the parents and son
are due to the homozygosity of the
Machado-Joseph disease gene in the son.
The double dose of the gene in the homozy-
gotic son significantly enhanced the pheno-
typic severity of the disease. Patients with
Machado-Joseph disease suspected to be
homozygous' 4 5were reported to develop an
earlier age of onset and different clinical
phenotypes than their parents. However,
because the CAG repeat size is also a deter-
minant factor for the age of onset and clini-
cal phenotypes of patients with
Machado-Joseph disease,23 the enhanced
clinical severity in homozygous patients so
far reported might have been attributed to
the elongated CAG repeat size of the mutant
allele. The almost identical CAG repeat size
of the mutant allele of the Machado-Joseph
disease gene in the homozygous son and his
parents in this study clearly indicates that a
double dose of the gene enhances clinical
severity. This dose effect in increasing clini-
cal severity has been described in the PMP-
22 gene of Charcot-Marie-Tooth disease
type la6 and in the PLP protein gene in
Pelizaeus-Merzbacher disease.7

In conclusion, our results clearly indicate
that a double dose of the Machado-Joseph
disease gene is a determinant factor, in addi-
tion to the CAG repeat size of the gene, for
the age of onset and clinical phenotypes.
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Isolated body lateropulsion caused by a
lesion ofthe cerebellar peduncles

Lateropulsion, or falling to one side, has
been described in Wallenberg's syndrome. It
also occurs with lesions of the vestibular end
organ, vestibular nerve, brainstem, cerebel-
lum, and basal ganglia. In these cases, body
lateropulsion is only one of many manifesta-
tions. Lateropulsion rarely constitutes the
sole symptom and sign of a neurological dis-
order. Isolated lateropulsion occurred in a
patient in whom MRI showed an ipsilateral
lesion in the cerebellar peduncle.
A 32 year old woman with no history of

neurological disorder developed pronounced
unsteadiness within a few hours. She was
unable to stand or walk and fell to the left
side. She had no vertigo, nausea, or vomit-
ing and no difficulty with vision, hearing,
speech, or individual limb functions. On the
next day, neurological examination showed
an immediate fall to the left when standing
unsupported with opened eyes. She had no
body oscillations but made an attempt to
correct her gait by a wide based stance. She
had no cerebellar dysmetria or hypotonia in
the four limbs. Eye movements were full
without nystagmus. There was no ocular lat-
eropulsion even after eyelid closure. Pupil
and cranial nerve examination were normal.
There were no sensory and motor distur-
bances. Deep tendon reflexes were normal
and there was no Babinski's sign. Two days
later brain CT including contrast enhance-
ment was normal. On the third day, a brain
MRI showed a high signal adjacent to the
fourth ventricle at the level of the pons on
T2 weighted axial sequences. The lesion
included both superior and inferior pedun-
cles but not the middle cerebellar peduncle,
the brainstem, or the cerebellum (figure).
There was no other abnormality in the
brainstem, cerebellum, or cerebrum. Ti
weighted sequences with and without
gadolinium injection were normal. Five days
after the onset, caloric irrigation produced
symmetric responses. A pure tone audio-
gram was normal. Brainstem auditory
evoked potentials after stimulation of the left
ear showed normal latencies of the different
waves with a slight morphological instability
of waves IV and V. They were normal on
the right side. Visual and somaesthesic
evoked potentials were normal. Cerebro-
spinal fluid contained 5 cells/mm3, and 0-53
g/l protein with 15-8% IgG in an oligoclonal

T2 weighted axialMRI of the brain showing a
high signal adjacent to the fourth ventricle at
the level of the (A) lower and (B) middle pons.

pattem. As the CSF and MRI findings sug-
gested an initial attack of multiple sclerosis,
she was treated with steroids. She improved
rapidly and was able to walk normally after
10 days. One year later brain MRI showed
no abnormal signal intensity in the left cere-
bellar peduncles on either Ti or T2
weighted sequences. No further neurological
deficit occurred during a two year follow up.
An isolated body lateropulsion is

extremely rare. It has only been reported
three times. In two patients, the lateropul-
sion was ipsilateral to a lesion located in the
flocculo nodular lobe in one patient,' and
probably in the reticular formation of the
medulla oblongata in the other.2 In the third
patient, the side of the fall was controlateral
to a lesion of the red nucleus or its
environs.3 In our patient, body lateropulsion
was the only symptom and sign. It was
ipsilateral to a lesion, seen on brain MRI,
adjacent to the fourth ventricle and corres-
ponding to the topography of the superior
and inferior cerebellar peduncles. The mid-
dle cerebellar peduncle, which is more lat-
eral and not directly exposed to the cavity of
the fourth ventricle, was spared. Experi-
ments on animals support the hypothesis
that the gait disturbance of our patient origi-
nated in the cerebellar peduncles. Although
controversial, data suggest that unilateral
section of the three cerebellar peduncles
induces an ipsilateral body deviation.4 In
monkeys, balance disorders have been seen
after specific lesions of each peduncle. After
lesion of the middle cerebellar peduncle, a
truncal and an appendicular cerebellar
ataxia occurred without reported body lat-
eropulsion.5 Lesion of the superior cerebellar
peduncle usually induced an ipsilateral
appendicular ataxia but in at least one case a
severe ipsilateral body deviation occurred
that overshadowed the appendicular ataxia.6
Section of the inferior cerebellar peduncle
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