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been implicated in the past, but symptoms
appeared approximately four weeks after the
last dose of gentamicin. It is possible that
one or more of the previously administered
cytotoxics may have been responsible but
this has not been reported before, and the
last course of treatment was eight weeks
before the onset of her neurological symp-
toms. A further possibility is that our

patient developed OM as a direct manifes-
tation of Hodgkin's disease, but at the time
of development of OM the extent of her
disease had considerably reduced following
high dose chemotherapy. Furthermore,
before the onset of neurological symptoms
she had had clinical and radiological evi-
dence of regression of her disease. Normal
CT and MRI scans of her brain excludes a

diagnosis of cerebral Hodgkin's disease. A
metabolic abnormality resulting from
destruction of Hodgkin's disease tissue is
also unlikely, although it has been previ-
ously postulated that production of neuro-

toxic amines and/or peptides might be
responsible.9 This report, however, failed to
show any correlation between the presence
or severity of OM and the routinely avail-
able measurements of catecholamine secre-

tion. The discovery of antineuronal
antibodies in patients with other paraneo-
plastic syndromes has led to the suggestion
that these diseases may have an autoim-
mune aetiology. Support for an autoim-
mune basis to paraneoplastic OM has come
from reports of a specific antineuronal
autoantibody (anti-Ri) in the serum of
patients with opsoclonus and breast carci-
noma.'0 The presence of the Ri antigen in
tumour tissue of these patients suggests that
it is the body's immune response to a

tumour antigen that elicits the antibody
response. Although there was no specific
autoimmune serological data to support
such a response in our patient, it is possible
that breakdown of lymphomatous tissue
resulting from effective chemotherapy led to
the production of antineuronal antibodies
and the subsequent development of OM.

Treatment for opsoclonus from whatever
cause remains uncertain. While some

authors recommend ACTH or steroids,4
this is by no means of proven benefit. At the
very least, it is imperative to treat the
underlying condition.
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Very late onset X-linked recessive bul-
bospinal neuronopathy: mild clinical
features and a mild increase in the size
of tandem CAG repeat in androgen
receptor gene

X-linked recessive bulbospinal neuro-

nopathy (X-BSNP) is an adult-onset hered-
itary motor neuronopathy characterised
by bulbar symptoms, slowly progressive
proximal dominant muscular atrophy,
and endocrinological abnormalities.lA
Generally, the age at onset of X-BSNP
ranges from the third to fifth decade,' 2S and
activities of daily living of most patients
with this disease significantly decline within
fifteen years of onset.5 Recently, patients
with X-BSNP were found to have an abnor-
mally elongated tandem CAG repeat in the
first exon of androgen receptor (AR) gene.6
The increased number of CAG repeats in
AR gene is, however, considerably variable
among patients. We report a very late onset
and very mild case, and the abnormal
elongation in his AR gene was also mild.
An 84 year old Japanese man with no

family history of any related disease, noted
mild difficulty in climbing stairs when he
was in his mid seventies. In 1991, at the age
of 83, painful muscular cramp in the calves
and difficulty in walking was more appar-
ent, although he could ride a bicycle and
work in the field. He was referred to our

hospital in January 1992. A neurological
examination showed diffuse muscular weak-
ness and remarkable amyotrophy in his four
extremities as well as in the truncal and
facial muscles. The tongue was mildly atro-
phied, but there was no dysphagia. Deep
tendon reflexes were generally absent and
there were no pathological reflexes.
Fasciculation was remarkable in his face,
tongue, neck, anterior chest, arm and leg
muscles, and was enhanced by mild volun-
tary contractions. There was neither appar-
ent sensory disturbance, cerebellar ataxia,
nor gynaecomastia. The plasma creatine
kinase level was 75 IU/I (normal <110).
Glucose tolerance was normal. There was
no hyperlipidaemia nor liver dysfunction.
The endocrinological studies showed that
the steady-state level of plasma testosterone
was normal but plasma oestrone and oestra-
diol were mildly elevated. The suppression
test conducted by oral administration of
fluoxymesterone for six days showed a nor-
mal suppression in plasma testosterone,
luteinizing hormone (LH) and follicle-
stimulating hormone (FSH). Needle EMG
studies showed generalised high amplitude
NMU potentials with reduced NMU inter-
ference in the muscles examined. A nerve

conduction study showed normal motor
conduction velocities in the median and
tibial nerves, but no sensory action potential
in the sural nerve. A sural nerve biopsy
revealed moderate reduction of large
myelinated fibre density, and a muscle
biopsy of the vastus lateralis showed scat-

tered grouped atrophy, clusters of picnotic
nuclear clumps, and hypertrophic fibres
which often contained internal nuclei.
The number of tandem CAG repeats in

the first exon of his AR gene was deter-
mined on genomic DNA obtained from his
peripheral blood leukocytes, using poly-
merase chain reaction and cycle sequencing
techniques.78 His number of CAG repeats
was 40, which was the shortest in our series
of patients with X-BSNP(45 cases with a
range from 40 to 55; the normal range
being from 17 to 24 in our series).8
The extremely late onset of illness and

well preserved function were quite unusual
for X-BSNP, although diffuse muscular
wasting in the limb muscles, contraction
fasciculation and mild tongue atrophy of
this patient suggested motor neuron dis-
ease. Moreover, absence of familial inheri-
tance, and lack of gynaecomastia, glucose
intolerance, hyperlipidaemia and liver dys-
function were incompatible with this dis-
ease. However, detection of AR gene
mutations with an abnormally increased size
of a polymorphic tandem CAG repeat6
clearly confirmed a diagnosis of X-BSNP.
Detection of AR gene mutations is benefi-
cial not only for the pre-onset diagnosis or
carrier detection of X-BSNP69 but for the
clinical diagnosis of atypical patients as seen
in the present case.

This is the oldest case in terms of onset
of muscular weakness, and may be the
mildest in severity of symptoms so far
reported. Additionally, 40 repeats of tan-
dem CAG is the shortest in our series of 45
cases of X-BSNP. The clinical severity of
this disease is known to be varied among
the patients. We have shown that the num-
ber ofCAG repeats in AR gene is correlated
with age at onset of muscular weakness and
clinical severity of the age-adjusted muscu-
lar weakness,8 suggesting that the size of an
abnormally elongated CAG repeat in AR
gene is one of the factors determining the
clinical severity of X-BSNP, as was recently
documented in fragile X syndrome'0 and
myotonic dystrophy." These correlations
among age at onset, clinical severity and
increased size of the tandem CAG repeat
were confirmed in our case.

In a majority of patients with X-BSNP,
plasma testosterone, LH and FSH are
poorly suppressed after oral administration
of fluoxymnesterone (Morishima et al,
unpublished data), in spite of a significant
suppression being present in normal con-
trols. Although the precise mechanism of
the fluoxymesterone suppression on these
gonadal and gonadtropic hormones is not
clear, it may reflect some aspect of andro-
gen target organ sensitivity.'2 The normal
suppression pattern of plasma testosterone,
LH and FSH in this patient could also be
related to milder elongation of tandem
CAG repeat in AR gene.

MANABU DOYU
GEN SOBUE

TERUNORI MITSUMA
Division ofNeurology,

the Fourth Department ofInternal Medicine,
Aichi Medical University

MASAO UCHIDA
TAMAKI IWASE

Department ofNeurology,
Tosei General Hospital

AKIRA TAKAHASHI
Department ofNeurology,

Nagoya University School ofMedicine,
Japan

Correspondence to: Dr Sobue, Division of
Neurology, the Fourth Department of Internal
Medicine. Aichi Medical University, Nagakute-
cho. AICHI. 480-11 Japan.

832
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.56.7.832 on 1 July 1993. D
ow

nloaded from
 

http://jnnp.bmj.com/


Letters to the Editor

1 Kennedy WR, Alter M, Sung JH. Progressive
proximal spinal and bulbar muscular atro-
phy of late onset: a sex-linked recessive trait.
Neurology 1968;18:671-80.

2 Harding AE, Thomas PK, Baraister M,
Bradbury PG, Morgan-Hughes JA,
Ponsford JR. X-linked recessive bulbospinal
neuronopathy: a report of ten cases. J Neurol
Neurosurg Psychiatty 1982;45: 1012-19.

3 Mukai E, Mitsuma T, Takahashi A, Sobue I.
Endocrinological study of hypogonadism
and feminization in patients with bulbar
spinal muscular atrophy. Clin Neurol
(Tokyo) 1984;24:925-9.

4 Sobue G, Hashizume Y, Mukai E, Hirayama
M, Mitsuma T, Takahashi A. X-linked
recessive bulbospinal neuronopathy, a
clinico-pathological study. Brain 1989;112:
209-32.

5 Mukai E. Clinical course and prognosis of
bulbo-spinal muscular atrophy. Neurol
Therapeut (Tokyo) 1991;8:519-22.

6 LaSpada AR, Wilson EM, Lubehn DB,
Harding AE, Fischbeck KH. Androgen
receptor gene mutations in X-linked spinal
and bulbar muscular atrophy. Nature
199 1;352:77-9.

7 Murray V. Improved double-stranded DNA
sequencing using the linear polymerase
chain reaction. Nucleic Acids Res 1989;17:
8889.

8 Doyu M, Sobue G, Mukai E, et al. Severity of
X-linked recessive bulbospinal neuronopa-
thy correlates with size of the tandem CAG
repeat in androgen receptor gene. Ann
Neurol 1992;32:707-10.

9 Doyu M, Sobue G, Mukai E, Takahashi A,
Mitsuma T. DNA diagnosis of X-linked
recessive bulbospinal muscular atrophy by
androgen receptor gene mutations. Clin
Neurol (Tokyo) 1992;32:336-9.

10 Fu Y-H, Kuhl DPA, Pizzuti A, et al. Variation
of the CGG repeat at the fragile X site
results in genetic instability; resolution of
the Sherman paradox. Cell 1991;67:
1047-58.

11 Harley HG, Rundle SA, Reardon W, et al.
Unstable DNA sequence in myotonic dys-
trophy. Lancet 1992;339:1125-8.

12 Forest MG, Lecoq A, David M, Pugeat M.
Effects of human chorionic gonadotropin,
androgens, adenocorticotropin hormone
dexamethasone and hyperprolactinemia on
plasma sex steroid-binding protein. Ann N
YAcad Sci 1988;538:214-34.

MATTERS
ARISING

Transient musical hallucinosis

Paquier et al reported a patient who, follow-
ing subarachnoid haemorrhage, developed
musical hallucinosis. Based on a literature
review, they suggested that musical halluci-
nosis, formed auditory perceptions that
occur in the absence of external acoustic
stimulus while the patient is aware of their
non-real nature, may result from lesions of
either side of the brain, and not necessarily
from the non dominant hemisphere, as pre-
viously proposed.' A patient recently seen

by us reinforces the authors' conclusion.
A 75 year old right handed woman had

been suffering from severe hearing loss due
to streptomycin use for about 30 years. Her
past history revealed non insulin dependent
diabetes mellitus, ischaemic heart disease,
peripheral vascular disease and paroxymal
atrial fibrillation. In September 1992, she
suddenly developed right hemiparesis and
dysphasia which recovered within a few
weeks. Her CT scan revealed a left thalamic
infarction, mild cortical atrophy and ven-

tricular enlargement. A few days after the
event, she started hearing a melody, which

seemed in the first days to originate exter-
nally and was heard bilaterally. The melody
she heard was extremely loud, leading her
to ask surrounding people to turn off the
radio, which she believed to be the source
of the tune. The music began suddenly, was
slow, clear and reminiscent of popular
songs that she had heard in her youth, but
were still unknown to her. She was able to
sing this melody. Shortly after the onset of
this phenomenon, she gained full insight
into the problem and realised that this
incessant tune originated in her own mind.
The volume was variable and sometimes the
melody was enjoyable; the volume was
mostly high, especially during the night, dis-
turbing her sleep, and severely interefering
with her daily activities. Amitriptyline par-
tially helped her sleep. The intensity of the
music diminished during the following
weeks, but the same melody persisted.

Musical hallucinations after stroke are
reported rarely. Only three cases, all with
right hemispheric pathology, were quoted in
a recent review.' Our patient illustrates the
fact that dominant hemispheric stroke can
also result in musical hallucinations.
As with several other reported cases,

including that of Paquier et al, our patient
had suffered from hearing loss for many
years. Berrios in a review, pointed out that
musical hallucinations are far more com-
mon in elderly, hearing impaired, female
patients.' It is possible that musical hal-
lucinations represent a "deafferentation"
phenomenon, reminiscent of visual halluci-
nations in the blind, thalamic pains or
phantom limb. It appears that both central
and end organ pathology contribute to the
appearance of musical hallucinations.2 The
prolonged lack of normal input to cortical
areas involved in hearing, due to peripheral
disease, might cause a specific vulnerability
which results in the generation of this
abnormal sensation following a central
insult. Appropriately, Wengel et al entitled
their manuscript "musical hallucinations,
the sounds of silence?",3 as they occur when
the mind is chronically deprived from music
and sound.
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Inhibition of motor unit discharge in
humans evoked by transcranial stimu-
lation

Transcranial magnetic stimulation of the
motor cortex can elicit contraction of con-
tralateral muscles but, until recently, there
had been no reports that transcranial mag-
netic stimulation could suppress muscle
contraction. We have shown' that inhibition
of voluntary contraction can be elicited by
transcranial magnetic stimulation and have
presented evidence2 3that the mechanism is
likely to be supraspinal, presumably involv-
ing inhibition of corticospinal neurons with
consequent disfacilitation of motor neurons.

The inhibition was revealed in our studies
during a period of voluntary contraction by
stimulating the motor cortex at a strength
lower than that required to produce excita-
tion under the same conditions. A recent
study has reported that the discharge of
motor neurons in the first dorsal interosseus
muscle of the hand of a patient with multi-
ple sclerosis could be suppressed by tran-
scranial magnetic stimulation of the motor
cortex, but this was not observed in normal
subjects.4 In our previous studies'-3 we aver-
aged the rectified surface electromyogram
(EMG) to reveal inhibition of voluntary
contraction in a number of different arm
and hand muscles. We have now re-investi-
gated one of our subjects to examine the
effect of transcranial magnetic stimulation
on the probability of discharge of single
motor units in the first dorsal interosseus
muscle. We can confirm that transcranial
magnetic stimulation at a strength which
causes a reduction in gross surface EMG,
and is sub-threshold for excitation, does
lower the probability of discharge of indi-
vidual motor units in normal humans.
The subject was a right handed male (age

49 years) with no history of neurological ill-
ness. Local ethical approval for the study
was obtained and the subject gave his
informed consent to the procedures. Two
forms of electromyographic recordings were
made from the first dorsal interosseus mus-
cle of the right (dominant) hand. To record
gross EMG, surface electrodes were placed
over the belly of the muscle and at an indif-
ferent point over the proximal interpha-
langeal joint of the first digit. A concentric
needle electrode was inserted percuta-
neously into the first dorsal interosseus
muscle to record the discharges of single
motor unit. The subject was required to
make a weak voluntary contraction of the
muscle. Auditory feedback of the signal was
provided to enable the subject to recruit
and maintain the discharges of a motor unit
that could be reliably identified and selected
for peri-stimulus time histogram analysis.
Transcranial magnetic stimulation was
delivered from a Novametrix 200 stimulator
using a 9 cm round coil centered over the
vertex. The initial direction of current flow
in the coil was anticlockwise and adequate
stimuli preferentially excited muscles on the
right side.
The threshold transcranial magnetic

stimulation required to produce an initial
excitatory response, gauged from the sur-
face EMG recording, was 40% of maximum
output. The response had a latency of 23
ms and was followed 5-8 ms later by a
period of suppressed EMG lasting 30 ms
and culminating in a late period of
increased EMG activity. Part A of the figure
shows the average of the full-wave rectified
surface EMG response to 50 magnetic stim-
uli at 37% of output. At this strength of
stimulation no initial excitation occurs but
suppression of EMG is evident with a
latency of 29 ms and duration 26 ms. The
peri-stimulus time histogram in part B of
the figure is constructed from the discharges
of a single motor unit (average frequency
9 1 impulses/s) during 100 magnetic stimuli
also at 37% of maximal output. A profound
depression of firing occurs also lasting
26 ms and with a latency of 29 ms. Within
the period of suppressed firing the unit dis-
charges on only 8 occasions during the 100
trials. The number of counts expected for
that period of the peri-stimulus time his-
togram in the absence of stimulation was
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