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(Fig. 1A). Magnetic resonance angiography, neuropsychological, and neuropsychiatric testing revealed no abnormalities precluding DBS.
Three years after the onset of his symptoms, a quadripolar
DBS electrode (Medtronic 3389) was placed in the right GPi
using direct MRI guided targeting under general anaesthesia
(Fig. 1B). The battery was implanted in the same session.
There were no complications. The DBS was switched on
2 days postoperatively. The initial parameters were case positive, contact one negative, amplitude 1.5 V, pulse width
60 ls, frequency 130 Hz. An improvement was noted in the
involuntary movements within days, with the patient being
able to perform the ‘‘ﬁnger-nose’’ test with the left hand.
Regular physiotherapy was provided, and the amplitude was
gradually increased to 4.5 V over the next 6 months, at
which time the ballistic movements had been eliminated,
although the dystonic posturing of the left wrist persisted
(Supporting Information Video). Some functionality was
restored, and the patient could hold pans, open doors, and
walk with more ease without injuring the left arm. Standardized measures of symptom severity were not used in this
case because of the lack of such scales for ballism, which
was the predominant problem. However, the beneﬁt of surgery is apparent in the videos that demonstrate the transition
from the preoperative state, in which the left arm is unusable
and susceptible to frequent trauma, to the postoperative state
in which the patient can use the left arm purposefully.
His clinical condition has remained stable at 15 months
follow-up.
The patient clinically had hemidystonia and hemiballismus. Phasic dystonia has been shown to respond to GPi
DBS, hence our view to offer this treatment.1 Ventrolateral
thalamotomy2 and posteroventral pallidotomy3–5 have been
shown to improve hemiballismus arising from STN lesions,
but we are not aware of any GPi DBS reports for persistent hemidystonia–hemiballismus, possibly due to the rarity
of this condition. The incidence of refractory hemiballismus after stroke was 0.04% in a large series.6
This case demonstrates the efﬁcacy of GPi DBS for hemiballismus associated with phasic dystonia. The persistence of
dystonic posturing in this case suggests that the response of
dystonia may not be immediate but could improve with time,
presumably due to plastic changes within the basal ganglia
and thalamo-cortical loops.7

The Treatment of Persistent Vascular
Hemidystonia–Hemiballismus with Unilateral
GPi Deep Brain Stimulation
Video
We describe a case of a severe refractory hemidystonia–hemiballismus resulting from hemorrhage of the right subthalamic nucleus, which was managed with unilateral globus
pallidus internus (GPi) deep brain stimulation (DBS).
A 56-year-old man with a history of hypertension presented with a sudden onset of headache, left hemiparesis, and
dysarthria. A brain computed tomography (CT) scan showed
a small focal hematoma in the right pons, midbrain, and subthalamic region. The hemiparesis and dysarthria improved
over several days, although not to normality. Four days after
presentation, he started to notice left sustained twisting of the
wrist, posturing of the arm, held in extension, and sudden
ﬂinging movements of the whole arm. This progressed over
weeks to reach a stable but disabling level that affected his
balance whilst walking, and which prevented him from performing bimanual tasks since the left arm would suddenly
deviate outwards. He underwent inpatient neurorehabilitation
and was discharged home 1 month later, but continued to
have severe ballistic movements despite maximum tolerated
medication including tetrabenazine (37.5 mg/tds), haloperidol
(3 mg/tds), orphenadrine (50 mg/tds), and botulinum toxin
(500 U to left pectoralis). The arm was prone to frequent
trauma due to uncontrollable movements. After 3 years of
unsuccessful medical therapy, he was referred for functional
neurosurgery and underwent multidisciplinary evaluation for
DBS.
Physical examination revealed no contractures but on
attempting to use his arms even minimally, he would develop a 908 ﬂexed posture of the left wrist, and an externally rotated extended left arm (reminiscent of a waiter’s
tip), which would suddenly deviate backwards and laterally.
There were some milder dystonic and choreic movements of
the left leg. He walked with his arm ﬁrmly adducted to the
body with the elbow in full extension. There was no spasticity in the limbs, and the remainder of the neurological examination was normal (Supporting Information Video).
Brain MRI showed a focus of low signal on T2 and FLAIR
within the right side of the midbrain with extension into the
substantia nigra and subthalamic nucleus (STN) consistent
with hemosiderin deposition following previous hemorrhage

LEGENDS TO THE VIDEO
The preoperative video shows dystonic posturing of the
left arm, ballism, and abnormal gait. The postoperative part
(taken 6 months post-op) shows the patient performing the
ﬁnger-nose test with his left hand and gait. Note the absence
of ballism and persistence of dystonic posturing.
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version of this article.
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FIG. 1. (A) MR scan showing an oval shaped focus of low signal in the right side of the midbrain with extension into the substantia nigra and
subthalamic nucleus. (B) Fused CT/MRI image showing the position of the active contact (arrow).
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Pallidal Deep Brain Stimulation in Belly
Dancer’s Dyskinesia
Video

We report a case of belly dancer’s dyskinesia (BDD) successfully treated with deep brain stimulation (DBS) of the
globus pallidus internus (GPi) for an observational period of
30 months.
The term ‘‘belly dancer’s dyskinesia’’ was coined by Iliceto et al. in 1990 to describe focal dyskinesias affecting the
abdominal wall in ﬁve patients.1 The clinical picture of BDD
was dominated by writhing movements and contractions of
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the abdominal muscles. Their onset was usually gradual, and
they could be suppressed only temporarily by holding up the
breath. An antecedent of local trauma or surgical procedures
of the abdomen was present in half of the cases.1,2 Investigations, such as spinal and abdominal imaging, failed to reveal
any abnormality that could explain the movement disorder.
Since the ﬁrst description, a variety of similar disorders have
been reported, most of them fulﬁlling either the clinical or
electrophysiological criteria of spinal3–6 or brainstem-derived
myoclonus.1,7 In most cases, the prognosis was quite unfavorable as no effective treatment has been reported so far.
Since pallidal DBS has been introduced in the late 1990 for
treatment of dystonia,8 it has been shown to be effective in various dystonic and dyskinetic movement disorders with a more
pronounced effect on phasic or myoclonic dystonic elements.9,10
A 78-year-old woman presented with a 3-year history of
involuntary movements. At age of 75, she had developed semirhythmic dyskinetic contractions of the abdominal wall resulting in writhing and bending of the trunk. Somewhat later, orofacial dyskinesias also occurred, and both movements had
gradually increased in severity since that time. According to
her husband, they disappeared during sleep. There was no history of antecedent abdominal or spinal trauma, tumor, surgical
procedure, or anti-dopaminergic treatment.
On examination there were continuous, slow, sinuous
contractions of the upper abdominal muscles. They were
observed in all positions, but were most evident when she
was lying down or sitting relaxed. The movements ﬂuctuated
in intensity during respiration, being greatly reduced during
deep inspiration, expiration, and breath-holding. They were
not stimulus-sensitive. The involuntary orofacial movements
were continuously present.
Cranial and spinal MRI revealed no circumscribed lesion;
normal sensory and motor evoked potentials and normal CSF
ruled out a spinal lesion. All lab tests including copper, ceruloplasmin, thyroid status, and blood smear were unremarkable. As several oral drug approaches, including tiapride 600
mg per day, were only of transient and limited effect, she
was selected for pallidal DBS.
Quadripolar electrodes were placed stereotactically in the
posteroventral lateral part of the GPi. Microelectrode recordings were performed additionally for optimal target localization. Clinical evaluation employed the Burke–Fahn–Marsden
Dystonia Rating Scale (BFMDRS) and the Abnormal Involuntary Movement Scale (AIMS) which were obtained prior
to surgery, 1 week postoperatively and at 9 and 30 months
follow-up using video-based rating (see video).
Prior to surgery, the BFMDRS movement subscore was 26
and on AIMS she scored 23. Bipolar high frequency stimulation starting at 130 Hz, 210 ls, and 4 V clearly suppressed
BDD signiﬁcantly for 6 weeks. Subsequent waning of the
effect of stimulation concerned predominantly the truncal
involuntary movements and required continuous adjustment
of stimulation settings which included activating four contacts and increasing voltage and frequency. Interestingly, the
orofacial elements improved sooner.
At 9 months follow-up her dyskinesia was rescored 36
hours off stimulation and 48 hours after reactivation of the
pacemakers. Phasic movements showed better improvement
than tonic elements.
Twenty-four months after surgery, the battery of the DBS
device ran ﬂat. Clinically, the truncal dyskinesia reemerged
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FIG. 1. Effect of bilateral GPi stimulation in belly dancer’s dyskinesia before DBS (baseline) and at 9- and 30-months follow-up. Follow-up was performed in stim-off and stim-on state. For the off-state,
DBS was discontinued for 36 hours. On-scoring was performed 48
hours after reactivation of the DBS device. Black bars: Burke-FahnMarsden-Dystonia-Rating-Scale (BFMDRS) motor part; white bars:
Abnormal Involuntary Movement Scale (AIMS).

gradually over a period of 1 week. After battery replacement,
the clinical effect took 3 days to reach a level comparable
with that of 9-month follow-up. The effect of stimulation
remained constant over 30 months (Fig. 1). Medication (200
mg tiapride tid) remained stable over the observation period.
The etiology of BDD is unclear. In our case, it was associated with oral dyskinesias, but tardive dyskinesia could be
excluded. BDD is often resistant to medical treatment. Trihexyphenidyl1,2,11 or benzodiazepines3 were of limited use in
several cases. Deanol aceglutamate,11 carbamazepine,3 and
transcutaneous electrical nerve stimulation (TENS)12 have
been reported beneﬁcial to suppress involuntary abdominal
movements in single patients. In our patient, tiapride only
transiently suppressed BDD, however, GPi DBS was a safe
and effective option for an observation period of 30 months.
We suggest, therefore, that pallidal DBS might be considered
a second-line treatment option in this rare disorder. Further
experience in other patients is needed.

LEGENDS TO THE VIDEO
Segment 1. This segment demonstrates pre-operatively
condition. BDD is most evident while sitting but can also be
observed in standing position.
Segment 2. Nine months follow-up, stim-on state. The DBS
device was turned on 36 hours before this video recording.
BDD is almost completely suppressed even during provoking
measures such as counting backwards or ﬁnger- to-nose-test.
Segment 3. Nine months follow-up, stim-off state. The
DBS device was turned off for 48 hours. BDD recurs, but is
slightly less pronounced than at baseline.
Segment 4. 30 months follow-up, stim-on. BDD is persistently markedly suppressed.
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Levosulpiride-Induced Resting
Orolingual Tremor
Video

Levosulpiride is a benzamide derivative used in the
treatment of dyspepsia.1 Because it exerts its pharmacologic
activity mainly by blocking dopaminergic D2 receptor activity, levosulpiride can cause extrapyramidal symptoms (EPS),
most of which are generalized parkinsonism.2,3 We report a
Additional Supporting Information may be found in the online
version of this article.
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case of orolingual resting tremor associated with levosulpiride use.
A 61-year-old woman presented with rhythmic oscillation
of the perioral muscles. She had worn upper and lower dentures for 10 years and had undergone dental implant insertion
for the two lower incisors 5 months before visiting our hospital, when the oral tremor began to develop. The tremor did
not interfere with her ability to speak, chew, or swallow. She
had a few-year history of dyspepsia, and she had been taking
levosulpiride at a dose of 75 mg/day for 9 months. The ﬁndings of a neurological examination were unremarkable,
except for the presence of an orolingual tremor. She had no
bradykinesia, rigidity, or tremor in any of her extremities.
Her gait and posture were normal. Rhythmic movements of
the perioral muscles were observed at a frequency of 4 to
5 Hz when she closed her jaw, and they disappeared when
she began to speak. When she opened her mouth, the perioral
tremor disappeared, but a tongue tremor of the same frequency was noted. The tongue tremor was observed when
the tongue was protruded as well as in the resting position.
There was no palatal tremor or audible ear click. Interestingly, her tremor was ampliﬁed when she removed her
dentures (Video Segment 1). Levosulpiride was discontinued
due to the suspicion of a drug-induced orolingual tremor.
Her tremor disappeared completely after 7 weeks (Video
Segment 2).
It was recently reported that levosulpiride can induce a
resting suprahyoid neck and tongue tremor.4 However, orolingual tremor, which is more commonly encountered in clinical practice than neck and tongue tremor, has not been
described in association with levosulpiride use. The tremor in
our patient was present mainly in the resting state, and it
involved the perioral muscles and tongue, making it indistinguishable from a Parkinsonian orolingual tremor.5 The tremor
disappeared completely following the discontinuation of levosulpiride. Although our patient did not have bradykinesia or
rigidity, these ﬁndings suggest that the tremor in our patient
was caused by the dopamine-receptor-blocking activity of
levosulpiride.
One interesting feature of our case is that the tremor was
ampliﬁed on removal of her dentures. The edentulous state
has also been reported to increase the severity of perioral
involuntary movement in tardive oral dyskinesia.6 It could be
simply because removal of the dentures provided more space
around the perioral muscles for the tremor to occur. Alternatively, sensory stimuli from the dentures could have attenuated the perioral tremor through an unknown mechanism that
may resemble the ‘‘sensory trick’’ in dystonia. However, the
presence of a ‘‘sensory trick’’ has not been demonstrated in
tremor.7
In conclusion, although levosulpiride has been associated
with a low frequency of EPS due to its low afﬁnity for the
dopamine D2 receptor and generalized parkinsonism is the
most frequently reported extrapyramidal adverse effect,1,3 our
case shows that levosulpiride can induce isolated resting
orolingual tremor.

LEGENDS TO THE VIDEO
Segment 1. The video shows rhythmic movements of the
perioral muscles at rest. It disappeared when she began to
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speak. Her tremor was ampliﬁed when she removed her
dentures.
Segment 2. Her tremor disappeared completely after 7
weeks. This video was taken with her dentures removed.
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Normal Diffusion-Weighted MR Imaging
Predicts a Good Prognosis in Extrapontine
Myelinolysis-Induced Parkinsonism
Extrapontine myelinolysis (EPM) is a rare neurologic disorder induced by osmotic demyelination arising from rapid correction of hyponatremia.1 EPM is usually combined with central pontine myelinolysis (CPM),2 and pure EPM occurs
rarely.3 The prognosis of CPM/EPM varies widely: the
patient may return to normal functioning, but the condition
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may also lead to death.4 There are no known parameters predicting prognosis of CPM/EPM in its early phase.
A 36-year-old alcoholic patient was admitted to our hospital because of a 4-day history of jaundice. His medical history revealed that he had taken prednisolone for treatment of
nephrotic syndrome since he was 11 years of age. He had
been drinking alcohol every day for a week before admission
and had not eaten during this time. On admission, he showed
no neurological deﬁcits. His serum sodium level was 109
mEq/L and this imbalance was corrected with hypertonic saline. Serum alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, gamma-glutarnyl-transpeptidase,
and total bilirubin levels were elevated to 169 IU/L, 83 IU/L,
207 IU/L, 419 IU/L, and 2.3 mg/dL, respectively. Serum ammonia was also elevated to 143 lg/dL. Abdominal ultrasonography did not detect any speciﬁc liver problem. Elevated
liver enzyme levels and ammonia spontaneously normalized.
His sodium level was gradually corrected to 136 mmol/L
over the next 5 days. On the ﬁfth day of treatment, he
showed marked hypomimia and dysarthria, but his mental
status and cognition were normal. Extraocular movement was
not impaired. He had marked parkinsonism, including symmetric rigidity and bradykinesia of every limb, and tremor in
both arms at rest and in a stretching posture. The patient was
unable to arise from the chair independently and unable to
swallow because of severe dysphagia. Arm and leg strength
were normal despite of severe bradykinesia. Brain MRI taken
5 days after the onset of symptoms revealed symmetrically
increased signal intensity in the putamen and caudate nucleus
on T2-weighted imaging, with iso-intensity on the T1weighted image (Fig. 1A). There was no signal change in the
pons. The apparent diffusion coefﬁcient (ADC) of diffusionweighted image (DWI) of the basal ganglia was normal (Fig.
1B). He was treated with levodopa for 2 months, at which
time the drug was successfully withdrawn because parkinsonism and dysphagia had almost completely resolved. A follow-up MRI after 7 months revealed signiﬁcant resolution of
the basal ganglion lesion on T2-weighted imaging (Fig. 1C).
However, a signal change in the central pons was found on
the T2-weighted image; this had not been seen on the initial
MRI.
Our patient showed subacute progressive parkinsonism
after rapid correction of hyponatremia. Initial clinical and
neuroimaging ﬁndings were compatible with EPM without
CPM, although but the follow-up brain MRI revealed a
newly observed pontine lesion suggesting CPM. It is unclear
whether the pontine and the basal ganglia lesions developed
separately or not. Because rapid correction of hyponatremia
was done before initial MRI and there was no clinical deterioration after initial MRI, the pontine lesion in this patient
might be present, although undetectable, at the time when
initial MRI was taken. Chua et al.5 also demonstrated that
more CPM/EPM lesions were observed in the follow-up
MRIs performed several weeks later, compared with the initial MRIs. Elevated liver enzyme and serum ammonia levels
suggest that parkinsonism in this patient is associated with
chronic liver disease, that is, acquired hepatocerebral degeneration. However, early normalization of liver enzyme and
ammonia levels as well as lack of typical MRI ﬁndings consistent with acquired hepatocerebral degeneration (high-signal
lesions in the basal ganglia on T1-weighted images)6 may
minimize this possibility.
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FIG. 1 A: Brain MRI performed on the ﬁfth day after onset of Parkinsonism revealing symmetrically increased signal intensity in the putamen
and caudate nucleus on T2-weighted imaging, with isointensity on the T1-weighted image, and without signal change in the pons. B: The ADC of
the DWI was normal. C: The follow-up MRI at 7 months revealed signiﬁcant resolution of the basal ganglia lesion on T2-weighted imaging, but
with signal change in the central pons.

Brain MRI is a sensitive tool for diagnosis of CPM/EPM,
but it cannot predict prognosis of the condition. Although brain
MRI in our patient showed extensive lesions in the basal ganglia, the patient recovered completely from profound parkinsonism. Recent case studies5,7 have reported that signal
changes in DWI are seen in the early phases of CPM/EPM.
Various ADC values of DWI in CPM/EPM patients5,7 reﬂect
the complex pathogenic mechanism of CPM/EPM. A reduction
of the ADC is associated with cytotoxic cellular edema while
vasogenic edema usually shows elevation of the ADC.5,7
Therefore, it is hoped that ADC measurements may eventually
be of prognostic predictive value. Recently, Dervisoglu et al.8
proposed a relationship between rapid ADC normalization and
a favorable clinical outcome of CPM/EPM. DWI in our patient
was normal on the ﬁfth day after the appearance of clinical
manifestations, despite the presence of extensive basal ganglia
lesions on T2-weighted imaging. A normal ADC value at an
early stage appears to reﬂect rapid normalization of DWI signal changes. The present case provides a further illustration of
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the value of DWI in predicting CPM/EPM prognosis, supporting the ﬁndings of a previous report.8 A further study involving
a large number of patients is required to determine the prognostic value of DWI in CPM/EPM cases.
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Lingual Dystonia as a Manifestation of
Thalamic Infarction
The thalamus is the relay structure for the motor1 and sensory nervous systems,2 and lesions occurring in this region
may cause involuntary movements including delayed-onset
dystonia.3,4 However, dystonia in the acute stage of thalamic
infarction has rarely been reported.5 Moreover, orolingual
dystonia is an extremely rare manifestation of thalamic
infarction.5,6
A 70-year-old man was admitted to our hospital due to a
sudden onset of swallowing difﬁculty and involuntary tongue
movements that commenced 2 weeks before. Three days
before admission, dysphagia became aggravated, and he
could not ingest any type of food. He had undergone a carotid endarterectomy for left internal carotid artery stenosis 3
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years previously after a right pure motor stroke, and had
since taken antiplatelet and antilipidemic drugs. He denied
the use of any antidopaminergic drugs such as gastrointestinal prokinetics or neuroleptics.
The patient’s tongue was found to be elevated with slow,
irregular and continuous retraction movements to the posterior oral cavity (see Video, Segment 1). There were no involuntary movements in other body parts. Facial and masseter
muscle power was normal, but he could not easily move his
mouth because of the tongue dystonia. Face and limb sensory
functions were normal. Laboratory ﬁndings on routine hematologic, biochemical and thyroid function studies were all
normal. Diffusion-weighted brain magnetic resonance imaging (MRI) taken 2 weeks after the onset of initial symptoms
showed an acute focal infarct in the right posterolateral
thalamus. The lesion included two contiguous areas, one with
a brighter signal intensity than the other (Fig. 1A). A T2weighted image demonstrated multiple old infarctions in the
bilateral thalami and basal ganglia (Fig. 1B). Video ﬂuoroscopy revealed continuous involuntary tongue movement and
abnormal pharyngeal contractions without aspiration during
the swallowing of test materials (see Video, Segment 2).
Four months later, involuntary movements of the tongue
resolved, and everything appeared normal. The ability to
ingest food returned to normal.
The present patient is unique in that he showed dystonic
tongue retraction to the posterior oral cavity. Tongue retraction dystonia (as demonstrated by video ﬂuoroscopy) and the
absence of aspiratory signs indicated that the swallowing difﬁculty was caused by lingual dystonia. Diffusion-weighted
MRI showed two adjacent acute ischemic lesions with
slightly different signal intensities. Considering the patient’s
history, extension of the acute infarction near the initial
lesion may have caused the aggravated dysphagia 3 days
before admission.
The patient developed lingual dystonia as an initial
symptom of acute thalamic infarction. Previous reports
indicate that secondary dystonia due to a thalamic infarction usually develops weeks to months after the acute stage
of infarction, reﬂecting the excessive neuronal reorganization during recovery from motor weakness or sensory
loss.3,4 One similar case report described acute oral dyskinesia caused by bilateral thalamocapsular infarcts, but did
not discuss possible pathological mechanisms.5 Unlike that
report, the diffusion-weighted brain MRI in our patient
showed a unilateral lesion. However, there were multiple
old ischemic lesions in the bilateral thalami, and an acute
infarction in the right thalamus might have generated lingual dystonia in concert with underlying ischemic lesions
in the contralateral thalamus.
The mechanisms underlying acute lingual dystonia due to
a thalamic lesion remain unknown. One possible mechanism
of lingual dystonia due to a thalamic lesion would be the disinhibition of the thalamocortical projection. Because excitatory thalamocortical projection is inhibited by the GPi/SNr
complex, blockage of these inhibitory ﬁbers may result in
hyperkinetic movement disorders by way of allowing excessive activation of corticospinal projections. Bilateral cortical
projection to the lingual muscle might cause the excessive
contraction of both sets of styloglossus muscles,7 and
result in retraction lingual dystonia in the unilateral thalamic
infarction.
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FIG. 1. (A) Initial diffusion-weighted brain magnetic resonance imaging (MRI) scan obtained 14 days after the onset of symptoms. Note the two
contiguous lesions with different high signal intensities in the posterolateral part of the right thalamus (arrows). (B) T2-weighted brain MRI showing multiple old ischemic lesions in the bilateral thalami and basal ganglia.

The present case showed that isolated lingual dystonia can
be caused by thalamic infarction. Therefore, thalamic lesions
should be considered in cases of acute onset lingual dystonia.
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Linburg’s Syndrome, Can It Cause
Focal Dystonia?
Video
Repeating movements of high complexity changes the functional organization of the central motor nervous system. In
the case of musicians, such plasticity can be maladaptive,
and cause task-speciﬁc focal dystonia,1 which may be triggered by biomechanical constraints.2
In the Linburg-Comstock syndrome,3 an aberrant connection between the tendons of the thumb (ﬂexor pollicis longus,
FPL) and the index ﬁnger (ﬂexor digitorum profundus, FDP),
limits active ﬂexion of the thumb interphalangeal joint if
there is no simultaneous ﬂexion of the index’ distal interphalangeal joint. This constraint is present in a third of the general population,4 but is not known to generate speciﬁc problems among musicians.5
A 32-year-old male classical pianist presented with an
involuntary ﬂexion of the index ﬁnger while playing piano,
which he noticed during a concert 6 weeks earlier. He
reported always experiencing some constrain moving the
thumb with his index ﬁnger extended, but did not recall
any musical pieces where this movement was repeated
intensively or where he could not reconﬁgure the ﬁngering
of the passage. However, for the preceding 2 months he
had been practicing Chopin OP 25-11, which requires
repeated movements of the thumb to various keys while the
index ﬁnger is extended. He experienced some difﬁculties
during the preparation of the concert but denied involuntary
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FIG. 1. In this musician, dystonia is seen as involuntary ﬂexion of the index ﬁnger (A). Six months after the onset of the reeducation program,
the involuntary index ﬁnger ﬂexion is no longer seen playing on the piano or other activities (B). Before surgery, thumb ﬂexion is not possible
without simultaneous index ﬁnger ﬂexion (C). Surgical inspection of the tendons demonstrates a connection between FPL and FDP tendons (D).
After surgical release of the connection, thumb ﬂexion is possible without simultaneous index ﬁnger ﬂexion (E).

movements or contractions till the concert day when he ﬁrst
noticed the problem.
Physical exam revealed an apparently forced ﬂexion of the
index ﬁnger that appeared only during piano playing
(Fig. 1A), and the impossibility to maintain ﬂexion of the
thumb without accompanying ﬂexion of the distal interphalangeal joint of the index ﬁnger (1C). Neurological examination,
nerve conduction test, and electromyogram did not reveal
other abnormalities. Our working diagnosis was task-speciﬁc
focal dystonia in a patient with Linburg-Comstock syndrome.
After surgical release of the tendons (Fig. 1D), the patient
was able to perform independent distal interphalangeal joint
ﬂexion of the index and the thumb (Fig. 1E). He began cautiously to practice piano 4 days after the operation, and
reported a signiﬁcant, albeit not complete, improvement in his
performance. Unfortunately, the improvement remitted after a
few days, and he began to complain again of involuntary ﬂexion of the index ﬁnger. We initiated a neuro-rehabilitation program based on Sensory Motor Retuning6 that involved daily
sessions of work on the piano performing seven different digit
combinations while some of the ﬁngers splinted for 90 min,
followed by practice of slow and easy movements without
splints. Every month, the practice schedule, speciﬁc exercises,
kind of digit combinations, and digit positions during the work
were checked and adjusted if needed. The goal is to promote
alternative motor programs based on modiﬁcation of the proprioceptive input. The patient showed a progressive improvement of his condition, and task-induced involuntary ﬂexion of
the index ﬁnger was gone after 6 months (Fig. 1B). Eventually, he returned to his professional activity and his symptoms
have not returned over the past 2 years.
The Linburg-Comstock syndrome is a congenital condition
and, therefore, our patient certainly had the mechanical constraints related to it all his life. Likely, he was well adapted
to this condition, with no apparent motor difﬁculties until

playing the Chopin concert. As this piece does not allow
alternative movements, he was forced to train in adverse
biomechanical conditions, which might have led to the
development of unwanted motor synergies and ultimately the
manifestation of focal dystonia.
After surgical repair of the Linburg-Comstock syndrome,
biomechanical, cutaneous, and proprioceptive changes appear
to have been sufﬁcient for a transient improvement of our
patient’s dystonia. In some musicians, focal dystonia can be
relived by postural or mechanical strategies, like having a
piece of tape attached to one ﬁnger, or holding an object
between two ﬁngers. Such ‘‘tricks’’ might work because
changes in sensory inputs may improve selection of motor
commands7 or minimize abnormalities of sensory processing.8 Unfortunately, dystonic movements often reappear after
a variable time of practice (minutes to days). Similarly, the
post-surgical beneﬁt in our patient was time-limited but further recovery was possible with Sensory Motor Retuning,
which might have induced a more consistent change in the
dysfunctional central nervous system circuits.6
Our case reveals that, even when an apparent precipitating
event is clearly recognized, dystonia, which involves a plastic
change in the central nervous system, may remain after the
apparent precipitating cause has been removed. The process of
re-learning the speciﬁc motor task, such as with Sensory Motor
Retuning, may succeed in improving motor control. However,
we speculate that, in the particular case reported here, surgical
intervention could have been partially useful by facilitating
re-education under more favorable biomechanical conditions.

LEGENDS TO THE VIDEO
Segment 1. Flexion of the interphalangeal joint of the
thumb is not possible without index ﬁnger ﬂexion. The
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patient was requested to ﬂex the thumb but this was not possible to do in isolation (without ﬂexing the index ﬁnger too),
due to an anomalous connection between the tendons of the
two muscles.
Segment 2. Involuntary index ﬁnger ﬂexion and middle
ﬁnger extension. After practicing piano playing and trying to
perform movements requiring simultaneous thumb ﬂexion
and index extension, the patient began to feel involuntary
movements on the index and middle ﬁnger.
Segment 3. Post-surgery: ﬂexion of the interfalangeal joint
is now possible without simultaneous index ﬂexion. Surgical
liberation of the anomalous tendinous connections allowed
isolated thumb movements.
Segment 4. Reduction of involuntary movements. Surgical
liberation of the tendons led to a clear amelioration of motor
performance, with less unwanted index ﬁnger ﬂexion and
middle ﬁnger extension.
Segment 5. Involuntary movements reappeared after 15
days of practicing piano. The patient was asked to slowly
return to piano practice after surgery. However, the involuntary index ﬁnger ﬂexion and middle ﬁnger extension reappear
2 weeks after starting practice.
Segment 6. Involuntary movements improved after 6 months
of reeducation. Guided repetitive daily exercises on the piano led
to a signiﬁcant improvement of ﬁnger control, with a consistent
reduction in index ﬁnger ﬂexion and middle ﬁnger extension.
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Álvaro Pascual-Leone, MD
Berenson-Allen Center for Noninvasive Brain Stimulation
Beth Israel Deaconess Medical Center
Harvard Medical School
Boston, Massachusetts, USA
Institut Guttmann de Neurorehabilitació
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‘‘Acquired’’ Hepatocerebral Degeneration in a
Patient Heterozygote Carrier for a Novel
Mutation in ATP7B Gene
Acquired hepatocerebral degeneration (AHD) is a rare type
of hepatic encephalopathy characterized by neuropsychiatric
symptomatology, and peculiar neuroradiologic ﬁndings, without the clinical evidence of Wilson’s disease (WD).1,2 We
studied a patient with AHD responsive to penicillamine who
was heterozygote carrier for a novel mutation in the ATP7B
gene, and discussed the possible role of the mutation in facilitating the appearance of the syndrome.
A 37-year-old man with liver cirrhosis related to chronic
hepatitis C was admitted because of progressive consciousness impairment. Family history was negative for WD.
Ammoniemia was 176 lmol/L (NR, 9–33 lmol/L); total bilirubin 1.71 mg/dL (NR, 0.2–1.3 mg/dL); serum albumin 2.6
g/dL (NR, 3.3–5 g/dL); AST 62 U/L (NR, 10–45 U/L). Electroencephalogram disclosed diffuse slow wave activity. After
rifaximin, lactulose, and branched chain amino acid infusion,
his arousal state went back normal in about 12 hours, and
ammonia levels decreased to 94 lmol/L.
Neurological examination revealed bradykinesia, sialorrhea, dysarthria, mild rest tremor, in the upper limbs, prevalent on the right side, postural instability, and camptocormia.
Moreover, he showed depression and anxiety. The MMSE
had normal scores (27/30).
Serum ceruloplasmin, cupremia, and cupruria were within
the reference values. Ocular slit-lamp examination did not
reveal Kayser-Fleischer ring. CSF examination revealed
increased manganese concentration (2.9 lg/L; NR, 0.88 6
0.76 lg/L), while copper and iron levels were within normal
values. Brain MRI showed increased signal intensity in basal
ganglia bilaterally on T1-weighted images (Fig. 1A,B). Levodopa and pramipexole were of no beneﬁt. After informed consent, he was treated with penicillamine 900 mg daily and trihexyphenidyl 2 mg twice daily. In the following 5 days, psychiatric disturbances progressively abated, while bradykinesia,
Published online 9 June 2009 in Wiley InterScience (www.
interscience.wiley.com). DOI: 10.1002/mds.22659
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the ATP7B gene which, although unable to support the
expression of overt WD, may have had some role in the
pathogenesis of AHD.
In particular, subtle alterations in brain copper metabolism,
induced by single-allele ATP7B mutations, may have somewhat facilitated the appearance of the AHD phenotype. A
recent report of an association parkinsonism/depression in
carriers for ATP7B single allele mutations supports this possibility.6 Moreover, in our patient the increased brain manganese concentrations and the subtle impairment of copper
metabolism due to the genetic defect might have played a
synergistic neurotoxic role. Experimental studies indicating
that manganese may strengthen disturbances in copper
metabolism ﬁt this possibility.7
In conclusion, this case report suggests that functional
mutations in a single allele of ATP7B gene may play a pathophysiological role in some patients with AHD.
A systematic search for ATP7B mutations should be made
whenever the suggestive AHD clinical and neuroradiologic
ﬁndings are found. This may help both to clarify the pathogenetic determinants of AHD and to identify a subgroup of
patients with AHD potentially responsive to penicillamine.

FIG. 1. (A, B) Basal ganglia T1 hyperintensity. (C) Propositus
(P) analysis of ATP7B gene exon 15 shows shifted bands, compared
to normal (N). (D) Codon 1111 GGC>GCC substitution, resulting in
G1111A missense substitution (up); the normal sequence is also
displayed (down).

sialorrhea, postural instability, dysarthria, and rest tremor
improved markedly. Nine months later, only a mild, inconstant
rest tremor in the upper right limb and a slight retropulsion
were noticeable. Penicillamine was withdrawn because of the
appearance of thrombocytopenia and pale cutaneous spots in
the trunk and legs interpreted as anetodermic lesions.
Genomic DNA sequencing showed that the patient was
heterozygote carrier for G1111A, a novel mutation in exon
15 of ATP7B gene (Fig. 1C,D), located in the ATP loop
region of the proteins. It has not been found either in 50 normal controls of the same ethnic group or in the mother and a
sister of the patient. The substitution of a polar aminoacid
like glycine with the nonpolar alanine is likely to impair the
alpha-helix structure of ATP7B protein, which might give
rise to impairment of intracytoplasmic copper transport. Interestingly, a G1111D mutation located in the same codon but
involving a different nucleotide was recently described in a
patient with WD.3
In contrast with the more common hepatic encephalopathy,
usually characterized by acute and self-limited episodes,
AHD has a chronic course, progressive over years, with
prominent extrapyramidal and psychiatric disturbances.1,2
The pathogenesis of AHD is largely unknown, although a
cerebral manganese overload may play a leading role. This
has been put in correlation with MRI ﬁndings indicative of
accumulation of paramagnetic substances in basal ganglia.4,5
The disease is usually labeled as ‘‘acquired’’ implying the absence of genetic factors and particularly WD. However, our
patient was found to carry a single allele mutation in
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Axial Myoclonus in
Devic Neuromyelitis Optica
Video
Axial myoclonus identiﬁes spontaneous or sometimes stimulus-sensitive, rhythmic or arrhythmic, ﬂexion or extension
movements of the axial muscles of the body which can
remain segmentally located (i.e., spinal myoclonus) or instead
spread to the limbs excluding the cranially innervated
muscles (i.e., propriospinal myoclonus).1 Focal spinal cord
lesions tentatively attributed to demyelination have previously been reported in spinal segmental and propriospinal
myoclonus.2,3 Herein, we report on axial myoclonus associated with spinal cord lesions in a patient with Devic Neuromyelitis Optica (NMO).
A 32-year-old woman was admitted because of a worsening 8-year history of sporadic abdominal muscles movements
which were aggravated by lying down and impeded falling
asleep. Medical history included bilateral simultaneous visual
loss at age 18 when brain MRI showed multiple cerebral
white matter lesions that led to a diagnosis of central nervous
system (CNS) demyelinating disease. From the age of 18 to
29 years, seven episodes of optic neuritis recurred, treated
with intravenous pulse corticosteroid therapy.
At admission, neurological examination showed bilateral
gaze-evoked nystagmus, left arm weakness, diffuse exaggerated tendon reﬂexes, bilateral Babinski sign, and pallor of
optic discs. When the patient was in bed in the supine posture, spontaneous jerky ﬂexion movements symmetrically
involved the abdominal wall. Similar jerks could be elicited
by taps to the glabella or by auditory stimulation.
Visual-evoked potentials showed prolonged latency bilaterally. Videopolygraphic recordings revealed spontaneous EMG
bursts of 100–200 ms in duration recurring many times with
Additional Supporting Information may be found in the online
version of this article.
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the patient lying supine, with constant recruitment of the rectus abdominis muscles and causing symmetrical abdominal
ﬂexion. Jerks could also spread to the intercostalis muscles,
the sternocleidomastoideus, and the tibialis anterior muscles,
with variable time delays of 35–96 ms (Fig. 1A,B). An estimated propagation velocity along the spinal cord of 8–12 m/s
was calculated by dividing the length of the spine from C1 to
L2 by the time delays. Auditory stimuli evoked axial propagated jerks with the same EMG pattern (Fig. 1A,B) (see
video). EEG back-averaging, triggered on the rectus abdominis muscles, did not show any cortical jerk-related potential.
The axial jerks disappeared during mental arousal and
sleep. EMG and nerve conduction velocities were normal.
MRI revealed multiple cerebral white matter and intrinsic
spinal cord lesions localized at C2 to C7 and D5 to D9 levels
(Fig. 1C).
The patient declined lumbar puncture. An elevated titre of
antiaquaporin-4 (AQP4) IgG antibodies was detected in the
serum (with a titre expressed as the reciprocal of doubling
serum diluition of 1 in 960; normal value: <1 in 60; serum
sample tested by the indirect immunoﬂuorescence assay).
The patient refused therapy with immunosuppressive
drugs and plasmapheresis. Clonazepam (2 mg/day) and levetiracetam (2000 mg/day) reduced but did not abolish the
myoclonic jerks.
In our patient, the recurrent episodes of optic neuritis, the
extensive spinal cord lesions, and the AQP4-speciﬁc
serum auto-antibody led to the diagnosis of NMO with
longitudinally extensive myelitis.4,5 NMO is a severe demyelinating disease of the CNS that preferentially affects the optic
nerve and the spinal cord.5 NMO-IgG antibodies recognizing
AQP4 seem to play a central role in the physiopathology of and
to account for the pathological lesions and blood-brain barrier
dysfunction observed in NMO.4 This NMO-IgG biomarker has
been incorporated in the clinical NMO diagnostic criteria.4,5 In
addition to NMO, our patient had axial symmetrical ﬂexion
myoclonus with, upon neurophysiological analysis, a T8–T10
spinal origin (rectus abdominis muscle) and a propriospinal rostro-caudal pattern of propagation.1 The abdominal jerky movements were different from the writhing abdominal contortions
with sinuous ﬂowing navel movements observed in the
‘‘moving umbilicus syndrome’’ and ‘‘belly dancer’s dyskinesia’’ and were not due to diaphragmatic ﬂutter. The myoclonus
was associated to intrinsic spinal cord lesions on MRI.
Although the pathophysiology of axial myoclonus remains
to be fully elucidated, intrinsic spinal cord lesions could be
responsible for partial release of a spinal motor generator capable of recruiting muscles via long propriospinal pathways
into quasi-rhythmic complex activity.1 Reports of propriospinal myoclonus as a paraneoplastic presentation6 or in the
course of paraproteinemic polyneuropathy7 militate for a possible role of autoimmunity in spinal cord ‘‘damage’’ and its
increased excitability.

LEGEND TO THE VIDEO
Segment 1. Several spontaneous ﬂexion myoclonic jerks
(arrow) of the abdominal wall, repeating at irregular intervals, and also induced by auditory bursts.
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FIG. 1. (A) Polygraphic recording of axial myoclonus, spontaneous (spont) or evoked by auditory stimuli (beep). The myoclonus may be restricted to the rectus abdominis muscles (Rectus Abd), or become propagated to more caudal and rostral muscles. (B) Detailed analysis of the
axial myoclonus showing its origin in the rectus abdominis muscles (Rectus Abd) and later propagation to the intercostalis (Interc), right deltoideus (Delt), sternocleidomastoideus (SCM), left rectus femoris (Rectus Fem), and tibialis anterior (Tib Ant) muscles. (C) T2 weighted images
showing multiple focal hyperintense lesion in the cerebral white matter. (C I), and in the cervical (C II) and thoracic (arrow in C III) spinal cord.
Mylo, myloioideus; SCM, sternocleidomastoideus; Delt, deltoideus; Interc, intercostalis; Rectus Abd, rectus abdominis; Parasp, thoraco-lumbar
paraspinalis; Rectus Fem, rectus femoris; Tib Ant, tibialis anterior; R, right; L, left.
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Early and Marked Beneﬁt with GPI DBS for
Lubag Syndrome Presenting with Rapidly
Progressive Life-Threatening Dystonia
Video

tude was progressively increased up to 3.3 Volts at 1 year
follow up. Further increments of amplitude produced dysarthria. Switching the stimulation off, with the patient unaware,
produced a worsening of the dystonia within seconds and
turning it back on provided immediate relief (video, segment
2). Oral pharmacological treatment was discontinued after
surgery. At 6 months, the patient was eating normally and
had gained 18 kg. At 1 year, BFM dystonia scores was 15
and UPDRS motor scores 8. Trunk dystonia and swallowing
difﬁculties improved the most. Blepharospasm did not
respond to stimulation and retrocollis responded only partially and they were treated with botulinum toxin injections
(video, segment 3).
Bilateral GPi DBS has shown to be a safe and effective
treatment for primary generalized, segmental, and focal dystonia with beneﬁts maintained over time.3,4 Although primary
dystonia is more responsive to GPi DBS than secondary dystonia, limited data suggest that dystonia in the context of
heredodegenerative conditions, tardive dystonia, dystoniaplus syndromes, or secondary dystonia, may also improve,
although to a lesser extent.
GPi DBS produced a marked and sustained improvement
on dystonia and parkinsonism in the patient reported here. A
lesion-like effect may explain the beneﬁt observed before the
stimulation was started. In primary generalized dystonia, a
progressive and delayed response to stimulation is usually
observed, which implies that the improvement might be in
part mediated by cortical reorganization.5 An immediate
response of dystonia to stimulation has also been reported in
other neurodegenerative conditions,6,7 including XDP.2 It is
therefore possible that stimulation-induced neuroplasticity is
less relevant in neurodegenerative disorders, and the effect of
the stimulation is mainly the result of direct stimulation of
the neuronal tissue.
This case study, along with the one reported previously,2
suggests that GPi DBS may be a therapeutic, potentially lifesaving option for XDP refractory to medication. The adjustability of DBS might be of great value in XDP as symptoms
vary as neurodegeneration progresses. Nevertheless, more
cases and longer follow up are needed to determine the
chronic response to GPi DBS on XDP.

X-linked recessive dystonia parkinsonism (XDP), DYT3, or
Lubag syndrome is a neurodegenerative genetic condition
caused by a mutation in the TATA-binding protein-associated factor-1 (TAF1). It affects mainly men with maternal
ancestry from the Island of Panay in the Philippines. Initial
presentation is usually with dystonia gradually being
replaced by parkinsonism. Symptoms tend to be refractory
to pharmacological treatments. Intracranial surgical procedures were performed without beneﬁt in the past.1 Evidente
et al. reported the ﬁrst case of XDP with a good and sustained response to pallidal stimulation.2 We present a
patient with very rapid progressive and life-threatening
XDP exhibiting substantial and maintained beneﬁt from
bilateral GPi DBS.
A 34-year-old Filipino man presented with a 12-month
history of a rapidly progressive dystonia. His maternal family
was from Capiz in the Panay Island. The condition started
with blepharospasm. Subsequently, he developed dystonia of
the neck, arms, trunk, and legs. He lost around 10 kg secondary to presumed oropharyngeal dystonia and increased metabolic demand. Preoperative baseline examination showed
generalized dystonia with a Burke-Fahn-Marsden (BFM) dystonia score of 77.5. He also had parkinsonism with a Uniﬁed
Parkinson’s Disease Rating Scale (UPDRS) motor scores of
37 (off-medication) (video, segment 1). Several pharmacological treatments were tried without beneﬁt. Botulinum toxin
injections were effective for blepharospasm and retrocollis.
The diagnosis of XDP was conﬁrmed genetically by the identiﬁcation of disease-speciﬁc single-nucleotide changes 3 and
12 of the TAF1 gene.
Quadripolar 3389 DBS electrodes (Medtronic, Minneapolis) were implanted bilaterally under general anesthesia
with direct visualization and targeting of the posteroventral
GPi on proton density stereotactic MR images. Intraoperative impedance recording was used to delineate gray and
white matter boundaries. Postoperative stereotactic MRI
conﬁrmed placement of the electrodes within the posteroventral GPi (Fig. 1). DBS electrodes were then connected
to a subclavicular subcutaneous neurostimulator (Kinetra,
Medtronic).
An immediate improvement was noticed after surgery
before switching the stimulation on. Stimulation was started
a few days later with further improvement of the dystonia. A
temporary percutaneous endoscopy gastrostomy tube was
required initially because of concerns over aspiration.
Monopolar stimulation of ventral contacts was set at 60
microseconds pulse width and 130 Hertz frequency. Ampli-

Segment 1. Preoperative examination. The patient has
severe generalized dystonia, with painful trunk opisthotonus
especially when lying down. Marked retrocollis is also noticed.
Segment 2. Three months after DBS, in the condition on
stimulation and off stimulation. Dystonia recurs immediately
after switching the stimulation off.
Segment 3. Six months after pallidal DBS in the condition
on stimulation. Generalized dystonia is markedly improved
compared to segment 1. Blepharospasm persists and mild retrocollis is also noticed.

Additional Supporting Information may be found in the online
version of this article.
Published online 9 June 2009 in Wiley InterScience (www.
interscience.wiley.com). DOI: 10.1002/mds.22656
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