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acute psychotic illness after the removal of a
normal appendix, when aged 18.
The diagnosis of acute intermittent por-

phyria was confirmed by raised urinary por-
phobilinogen concentrations and reduced
serum porphobilinogen deaminase activity.
Her subsequent progress while ventilated
was complicated by repeated chest infections
and psychiatric problems.

Soon after weaning from the ventilator,
she developed hypercalcaemia (2-87 mmol/l,
corrected value), that was refractory to sim-
ple lowering measures. An intravenous bolus
of disodium pamidronate (15 mg) reduced
calcium concentrations to 2-4 mmol/l but
was associated with increasing weakness 36
hours later, necessitating ventilatory support
for two days. Over the next four months she
remained immobile and her calcium rose
slowly to 3-19 mmol/l. On this occasion, oral
bisphosphonate was prescribed which low-
ered the calcium to 2-78 mmol/l. Despite the
lack of objective clinical deterioration, the
patient complained of worsening weakness
and discharged herself against advice. One
year after her illness she is known to have
moderate tetraparesis but is able to walk
with supports.

Although acute intermittent porphyria
can cause various metabolic abnormalities,
immobilisation hypercalcaemia is not widely
recognised. It remains uncertain whether
patients with acute intermittent porphyria
are particularly prone to developing this
complication as in other, more common,
polyneuropathies with a potentially similar
range of severity and duration such as
Guillain-Barre syndrome, it is reported only
rarely and with a male preponderance.3

Prolonged hypercalcaemia due to immo-
bilisation and increased bone turnover is
important to recognise and treat because of
the potential for complications such as
nephrocalcinosis, osteoporosis, and further
axonal damage. In the context of severe
acute intermittent porphyria, a strategy of
early mobilisation is rarely possible and drug
therapy is potentially hazardous. From our
experience, repeated courses of steroids
seem effective but are likely to have undesir-
able long term side effects such as reduced
total body calcium. On the basis of a single
injection of calcitonin, this also seems effec-
tive and safe. Bolus intravenous infusions of
disodium pamidronate are likely to be the
most efficient at lowering plasma calcium
concentrations for prolonged periods but
may not be safe at doses higher than 10 mg.
If the drug is given, appropriate back up for
ventilatory support needs to be readily avail-
able should clinical deterioration ensue.
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Extrapontine myelinolysis presenting
with parkinsonism as a sequel of rapid
correction of hyponatraemia

We report an unusual case of a patient with
extrapontine myelinolysis without central
pontine myelinolysis, who presented with
parkinsonism after the rapid correction of
hyponatraemia.
A 53 year old man was admitted to our

hospital because of gait and speech distur-
bance. Five days before surgery (see below),
he developed a headache. The headache
gradually increased in intensity and visual
acuity decreased in his left eye on the day
before surgery. Physical examination showed
bitemporal hemianopsia. Brain CT disclosed
a hyperdense lesion in the sellar region, and
MRI showed a pituitary mass with isosignal
intensity on TI and slightly high signal
intensity on T2 weighted images, raising the
optic chiasm. Pituitary apoplexy induced by

pituitary tumour was diagnosed and a trans-
sphenoidal hypophysectomy was performed
on 25 April 1994. Histopathology of the
pituitary tissue removed was consistent with
a chromophobic adenoma. His level of con-
sciousness after surgery was good.
Intractable diabetes inspidus developed 18
days later, associated with hyponatraemia
(serum sodium 103 mEq/l). He was given
8500 ml physiological saline intravenously
over three days. Serum sodium was cor-
rected to 126 mEq/l. The next day, he expe-
rienced dysarthria, bradykinesia, and
shuffling gait. His symptoms worsened and
six months after his surgery, he had a mask-
like face, bradykinesia, difficulty in protrud-
ing his tongue, dysarthria, and dystonia in
his fingers. Neither cogwheel rigidity nor
tremor was present. He showed a parkinson-
ian posture. His walking was reduced to a
shuffle, there was hesitation on starting and
turning, and kinesie paradoxale was pre-
sent.Tendon reflexes were normal and plan-
tar responses were flexor. He had mild
anaemia (haemoglobin 11-0 g/dl) and nor-
mal antidiuretic and thyroid hormone con-
centrations.

Brain MRI before surgery had disclosed
no abnormal findings in the pons and basal
ganglia (figure, A). Seven days after his clin-
ical deterioration MRI showed increased sig-
nal intensities on the coronal T2 weighted
images in the putamen and caudate nuclei
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T2 weighted MRI during the clinical course of the patient's illness (coronal section). (A) Basal
ganglia were intact before surgery (1 *ST, TRITE 2000180 ms). (B) Increased signal intensities in the
putamen and caudate nuclei on the seventh day after clinical deterioration (1 5T, TRITE 2000180
ms). (C) High signal intensities were decreased on the 30th day (1 ST, TRITE 2000180 ms). (D)
Atrophy of the putamen and caudate nuclei and dilatation of lateral ventricles 10 months later, after
development ofparkinsonism (OST, TRITE 20001100).
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bilaterally (figure, B and C). Ten months
later, MRI disclosed atrophy of the putamen
and caudate nuclei-instead of the high sig-
nal intensity seen previously-and enlarge-
ment of the anterior horns of the lateral
ventricles (figure, D). After admission to our

hospital, he was treated with levodopa/car-
bidopa, amantadine hydrochloride, dihy-
droxyphenyl serine, bromocriptine, or

pergolide mesilate and given physiotherapy.
The drugs yielded no improvement. His
clinical course was progressive and paral-
leled the MRI changes in the striatum.

Central pontine myelinolysis usually man-
ifests as disturbance of consciousness,
pseudobulbar palsy, tetraplegia, and positive
pyramidal signs. Extrapontine myelinolysis
occurs in about 10% of patients with central
pontine myelinolysis and often affects the
basal ganglia, mainly the caudate and puta-
men.1

This patient showed no signs or symp-
toms of central pontine myelinolysis, and
MRI disclosed no evidence for it. We think
that the parkinsonism seen in our patient is
a clinical manifestation of extrapontine
myelinolysis that occurred after rapid cor-
rection of hyponatraemia, for the following
reasons. Firstly, typical central pontine
myelinolysis is not associated with parkin-
sonism. Secondly, basal ganglia abnor-
malites on MRI, high signal intensities on
T2 weighted images in the early stage, and
atrophy of putamen and caudate nuclei in
the chronic stage, are correlated with grad-
ual worsening of his parkinsonism.
Among the 18 reported cases of central

pontine myelinolysis/extrapontine myelinoly-
sis associated with parkinsonism and invol-
untary movements (dystonia and chorea),
parkinsonism was mentioned in eight. All
except one patient responded to antiparkin-
sonian drugs and showed very good progno-
sis despite acute or delayed onset of
parkinsonism.2 Dystonia was reported in
nine cases. By contrast with the parkinson-
ism, all patients except one showed delayed
onset and in five of them it persisted.Okeda
et all and Morikawa et a14 described patients
with extrapontine myelinolysis without cen-
tral pontine myelinolysis who showed no
signs of parkinsonism or dystonia. One
patient described by Morikawa et a14 showed
only extrapontine myelinolysis on MRI,
although both central pontine myelinolysis
and extrapontine myelinolysis were con-
firmed at postmortem.The patient reported
by Niwa et al5 is the only one who showed
dystonia and rigidity, and had extrapontine
myelinolysis without central pontine myeli-
nolysis on MRI. Compared with the previ-
ously reported patients, our patient is
unusual for two reasons. Firstly, the clinical
characteristics of acute parkinsonism with-
out response to antiparkinsonian drugs, its
progressive course, and mild dystonia in the
fingers, not associated with a pontine
syndrome. Secondly, the progressive parkin-
sonism correlated with extrapontine myeli-
nolysis shown on MRI, the increased signal
intensity on T2 weighted images in the
striatum in the acute stage, and decreased
signal intensity on T2 weighted images and
atrophy of the striatum in the chronic
stage.

Brain MRI most often discloses a central
pontine myelinolysis/extrapontine myelinoly-
sis lesion as an area of persisting, prolonged
Tland T2 relaxation times within the basis
pons and striatum. Absence of imaging
changes on MRI does not necessarily indi-
cate the absence of associated disease, and it

remains possible that pathological changes
had taken place in the pons, which were not
detected on imaging.
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Prospective study ofneurorehabilitation
in multiple sclerosis

The importance of the role of structured
programmes of neurorehabilitation in spe-
cialist units is becoming increasingly recog-
nised.1 It is known that such rehabilitation
programmes confer benefit in the manage-
ment of stroke2; much less is known of their
effect on progressive disorders such as multi-
ple sclerosis. In a previous study of 79
patients with multiple sclerosis a significant
improvement in disability score (the Barthel
index) occurred after a short structured
rehabilitation programme; only 14 had
improved neurologically during the period of
rehabilitation, suggesting a beneficial effect
on those with stable or deteriorating func-
tion.3 One important question is whether or
not this improvement in function is main-
tained after discharge into the community.

Consecutive patients with clinically defi-
nite multiple sclerosis admitted after a
multidisciplinary assessment to the neuro-
rehabilitation unit of the National Hospital
for Neurology and Neurosurgery were stud-
ied. All assessments were carried out by a
single observer (DK) within 24 hours of
admission and discharge. Each patient
underwent a full neurological examination
from which the expanded disability scale
score (EDSS)4 was obtained. Disability and
handicap were scored using the functional
independence measure (FIM, range 13 to
90, in which an increase in score reflects an

improvement in disability)' and the environ-
mental status scale6 (ESS, range 0 to 35, in
which a decrease in score reflects a reduc-

tion in handicap) which was based on

patient reports to direct questioning about
each functional task.

Patients underwent an individual, goal
oriented rehabilitation programme based on
an admission assessment by a multidiscipli-
nary team composed of therapists, nurses,

and a psychologist.'
Three months after discharge all patients

were invited to return to an outpatient clinic
where the assessments were repeated by the
same observer. Paired observations and
group data comparisons were made using
the Wilcoxon matched pairs signed rank
sum test and the Mann-Whitney U test
respectively.

Forty seven patients were studied (75%
female) with a mean (SD) age of 40 (11)
years and median (range) duration of dis-
ease of 13 (three to 28) years. Thirty nine
were progressive (two were primary progres-
sive), and eight had a relapsing-remitting
course. Nineteen had had a relapse before
admission, including all relapsing-remitting
patients. The median (range) hospital stay
was 15 (7 to 87) days. The table shows the
median (range) EDSS, FIM, and ESS
scores on admission and discharge. Eight
patients (17%) improved on the EDSS,
median change was 0 (range 0 to 2). There
was improvement in 41 (87%) patients on
the FIM, median change 6 (range 68 to - 1)
(P < 0 001). Twenty two (47%) improved
on the ESS, median change 0 (range -18 to
+12).

Forty four patients were reviewed three
months after discharge. The table shows the
median (range) EDSS, FIM, and ESS on
follow up. A deterioration in FIM occurred
in six (14%) patients whereas 13 (30%) had
improved on the ESS. Eleven patients had
new symptoms (eight had had a relapse,
three had undergone progression). In only
two cases, however, was this change suffi-
cient to cause a change on the EDSS. The
median change in FIM was -3 (1 to -33)
in those with new symptoms and 0 (14 to
27) in those who had remained stable
(P < 0 02), and there was no difference
between median change in the two groups in
EDSS and ESS (median 0, range - 2-0 to 0

and 0 to 2-5, and 0 to 0 and -4 to 0 respec-
tively) (P > 0 5).

In this study of consecutive patients
selected for a period of intensive neuroreha-
bilitation a significant improvement in func-
tion was made in most (87%) patients. In
addition, the present study considered the
crucial question of whether or not this
improvement may be carried over after dis-
charge. Functional gains were maintained in
86% of the 44 patients followed up at three
months, 75% of whom had been clinically
stable.

These findings provide further insights
into the role which neurorehabilitation has
in the management of multiple sclerosis.
Handicap tended to improve further after
discharge, reflecting work planned during
the rehabilitation programme being carried
out in the home, such as the provision of
hand rails and ramps and the introduction of

Median (range) scores on admission, discharge, and at three month follow up in all patients studied
(n = 47for admission and discharge scores, and 44forfollow up scores)

Three month
Admission Discharge follow up

EDSS 7-5 (5-0-9 0) 7-0 (40-9 0) 7 0 (2-5-9-0)
FIM (motor) 66 (13-85) 80 (18-90) 77 (18-90)
ESS 19 (2-31) 18-5 (4-30) 17 (3-32)
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