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Paroxysmal Nonkinesigenic Dyskinesias

due to Recurrent Hypoglycemia Caused

by an Insulinoma

Paroxysmal dyskinesias are characterized by recurrent attacks
of dystonic, choreatic, or ballistic movements. They can be
sporadic or inherited and are classified traditionally into three
subtypes. Paroxysmal kinesigenic dyskinesias (PKD) typi-
cally present with brief (seconds to minutes) dyskinetic epi-
sodes triggered by sudden movements. Attacks of paroxysmal
exertional dyskinesias (PED) are provoked by prolonged
physical exercise and typically last between 5 min and 2 h.
Paroxysmal nonkinesigenic dyskinesias (PNKD) usually last
from 5 min to 4 h, are not induced by movement or exercise
but sometimes by fatigue, alcohol or caffeine. The distinction
between sporadic PNKD and psychogenic movement disor-
ders is often difficult.

Recently, several groups including ours identified muta-
tions in the glucose transporter of the blood brain barrier,
GLUT1, as a cause of familial PED.1,2 These mutations
decrease the ability of GLUT1 to transport glucose, leading
to a reduced cerebrospinal fluid (CSF)/serum glucose ratio.
Here, we describe a patient with sporadic PNKD due to
recurrent hypoglycemia caused by an insulinoma. This fur-
ther strengthens the emerging connection between paroxys-
mal dyskinesias and disturbed brain glucose homeostasis.

A 39-year-old woman was admitted to the emergency
department because of involuntary movements of arms and
legs with acute onset. On admission, there were random, non-
rhythmic, nonsynchronous movements of arms and legs,
which clinically seemed to be choreatic and ballistic rather
than epileptic in nature. Clinical examination revealed no
other significant abnormalities. In particular, consciousness
and orientation were normal. Approximately 1 h after onset
the dyskinesias ceased spontaneously.

The patient reported approximately five similar dyskinetic
episodes over the preceding 2 yr, each lasting approximately
30 min. Consciousness was always preserved although she
sometimes felt ‘‘dreamy’’ during attacks. There was no amne-
sia. Apart from psychological stress and fatigue, she identi-
fied no provoking factors. Her medical history was otherwise
unremarkable. She occasionally took ibuprofen for left arm
pain. She denied any substance abuse. She had no family
history of neurological disorders.

Blood sampling 10 min after admission revealed hypoglyce-
mia (42 mg/dL; normal: 55–100 mg/dL) and insulin (5 mU/L)
and C-peptide (0.57 nmol/L) levels that were inappropriately
high for the degree of hypoglycemia, but no other abnormal-
ities. Toxicological urine screening, cranial CT and MRI were

normal. EEG on the following day was normal except for a
slight excess in beta activity. Daily controls also revealed fre-
quent asymptomatic hypoglycemic episodes (with glucose lev-
els as low as 35 mg/dL). The CSF/serum glucose ratio after
overnight fasting was normal (0.64; CSF glucose: 34 mg/dL;
serum glucose: 53 mg/dL). Abdominal CT and endoscopic
ultrasound visualised a 0.7-cm diameter lesion in the pancre-
atic tail. After laparoscopic enucleation the suspected diagnosis
of an insulinoma was confirmed pathologically. No more hypo-
glycemic and dyskinetic attacks occurred in the 12 months
between insulinoma removal and manuscript submission.

Our patient suffered from sporadic PNKD, which resolved
after removal of an insulinoma. Although dyskinesia during
hypoglycemia has been described,3 it is an uncommon mani-
festation of hypoglycemia compared with typical neuroglyco-
penic symptoms such as confusion, behavioural changes, dizzi-
ness, weakness, loss of consciousness, seizures, and amnesia.3,4

Reports of paroxysmal dyskinesias caused by recurrent hypo-
glycemia are scarce. Marsden and coworkers described a
patient with a suspected insulinoma who adopted dystonic pos-
tures when recovering from hypoglycemic episodes.5 To our
knowledge, there have been only two published reports of
patients with paroxysmal dyskinesias, a pathologically con-
firmed insulinoma and documented remission of the attacks
following insulinoma removal.6,7 In one of these two cases the
patient had a structural lesion in the globus pallidus, which
may have contributed to the dyskinesias.6 In both published
cases, however, the patient had typical PED,6,7 whereas our
patient had PNKD. Our findings suggest that the possibility of
an insulinoma should be considered in every patient with spo-
radic PNKD, especially since insulinomas are often curable.

Interestingly, our patient also had documented hypoglyce-
mic episodes without dyskinesias, consistent with the known
lack of a tight correlation between plasma glucose levels and
hypoglycemic neurological symptoms in general.3

Adequate glucose delivery to the brain does not only depend
on plasma glucose levels, but also on efficient glucose transport
across the blood brain barrier. The latter process is impaired by
GLUT1 mutations, a recently identified cause of familial
PED.1,2 Thus, recurrent shortage of glucose supply to the brain
may represent a common mechanism underlying several sub-
types of paroxysmal dyskinesias, including familial PED,1,2

sporadic PED,6,7 and sporadic PNKD.
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Erdheim-Chester Disease: A Rare Clinical

Presentation as Multiple System Atrophy

Evaluation of late onset nonfamilial progressive ataxia is
a challenge with numerous diagnostic possibilities. We
report a patient who initially presented with bladder dys-
function and sporadic progressive ataxia but later devel-
opment of non-neurological manifestations helped to
make a diagnosis of Erdheim-Chester disease (ECD).
ECD is a rare non-Langerhans histiocytic disorder with
multisystem involvement,1 and initial presentation with
ataxia is rare.

The patient was a 51-year-old gentleman who was well till
2003 when he noticed increased urinary frequency and ur-
gency. He was diagnosed to have urethral stricture but did
not benefit from urethral dilatation. Two years later, he

started having imbalance while walking and multiple lobular
eruptions over face, and over next year developed dysarthria,
difficulty swallowing, slowness of activities, generalized
body aches, and arthralgias. At this time, he was seen at our
Neurology clinic and found to have multiple soft, nontender
lobular cutaneous lesions over face (Fig. 1a). Neurological
evaluation revealed normal cognition, spastic dysarthria,
nasal intonation of voice, jerky pursuits, slow saccades, and
bilateral horizontal nystagmus. He had increased tone of both
lower limbs and left upper limb, normal power and sensa-
tions, exaggerated stretch reflexes, brisk jaw jerk, bilateral
Babinski’s sign, mild heel-knee and left finger-nose incoordi-
nation, broad-based gait, and impaired tandem walking. He
had generalized slowness that could be partly attributed to
musculoskeletal pain.

Blood investigations showed mild anemia, persistently ele-
vated ESR, mildly elevated alkaline phosphatase, and rever-
sal of albumin–globulin ratio. MRI brain showed hyperin-
tense lesions of pons and midbrain on T2 and flair sequences,
not enhancing with contrast (Fig. 1b). Nerve conductions
were normal, but visual, brainstem, and median somatosen-
sory-evoked potentials showed prolonged latencies. He had
mild parasympathetic and moderate sympathetic involvement
on autonomic function tests, and urodynamic studies showed
impaired detrusor contractibility with unstable bladder sec-
ondary to neurogenic bladder. Cerebrospinal fluid analysis
was normal.

Presence of systemic features, elevated ESR, and MRI not
typical of MSA made us search for an alternative diagnosis.
A biopsy of the skin lesions confirmed cutaneous xanthoma
(Fig. 1e). X-ray of knee joints showed diffuse sclerosis pre-
dominantly involving the diaphysis of femur and tibia (Fig.
1c) and corresponding MRI findings were diffuse marrow
signal changes (Fig. 1d). Bone scintigraphy (740 MBQ 99m
Tc MDP) showed bilateral symmetrical increased tracer
uptake in the metaphysis extending into the diaphysis of long
bones, clavicles, left acetabulum, and acromial ends of both
scapulae. Finally, a bone biopsy of left tibia below the tibial
tuberosity confirmed a non-Langerhans cell histiocytic disor-
der (Fig. 1f–h).

The overall clinical presentation supported by the above
investigations established the diagnosis of ECD. He was
treated with parenteral methyl prednisolone followed by
oral steroids and analgesics. He did not show any signifi-
cant improvement and succumbed to his illness 2 years
later.

ECD is a rare multisystem disorder with clinical spectrum
ranging from asymptomatic tissue infiltration to fulminant
multisystem organ failure. An early diagnosis is often diffi-
cult in those presenting with an isolated system involvement,
especially of the nervous system. In the latter, imaging may
be normal particularly in those with diabetes insipidus (DI)2,3

or misleading,4 tissue diagnosis requires a highly invasive
procedure, and intra-axial lesions may not show the charac-
teristic histopathological findings of the disease.4 Therefore,
the true prevalence of neurological involvement in ECD may
not be accurate. In a recent meta-analysis of 110 patients2 of
ECD with neurological manifestations, the most common
neurological presentation was DI followed by cerebellar
involvement in 27 patients (24.5%); 18 did not have involve-
ment of other systems, and 2 of them did not even have radi-
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ological evidence of ECD. Ataxia may result from dural
mass lesions compressing the brainstem and cerebellum5 or
intra-axial infiltration of the dentate nucleus, basis pontis,
and middle cerebellar peduncle,2–4,6,7 which is similar to the
MRI findings in our patient. However, as these intra-axial
lesions do not show evidence of mass effect, they may be
easily mistaken for demyelinating lesions or even infarcts.4

In summary, we have reported a patient presenting with
bladder dysfunction, late onset sporadic ataxia, and pyramidal
signs, a syndrome mimicking MSA resulting from ECD,
which is a rare disorder uncommonly seen by neurologists.
Musculoskeletal pains, recent onset of skin xanthomas, and
elevated ESR warranted further investigations for an alterna-
tive diagnosis. The diagnosis was confirmed by histopatho-
logical findings from skin and bone. It may be increasingly
relevant to identify this small group of patients as recent
reports suggest improvement of exophthalmos, DI, and bone
lesions in ECD following treatment with interferon.8 Our
report emphasizes the importance of looking for evidence of
involvement of other organ systems in patients with progres-
sive sporadic neurologic dysfunction.
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FIG. 1. (a) Photograph of patient’s face, showing yellowish colored lobular and papular lesions predominantly over the nose and perioral areas. (b)
T2-weighted MRI of brain showing hyperintense lesions involving the pons (arrows). (c) X-ray (AP view) of both knees showing diffuse sclerosis of
the diaphysis of femur and tibia extending up to the metaphysis. (d) T2-weighted MRI of both knees showing diffuse marrow signal changes (hypo-
intensity) in femoral and tibial diaphysis. (e) Biopsy of skin xanthoma showing thinning of epidermis and infiltration of the entire thickness of der-
mis by sheets of finely vacuolated foamy histiocytes interspersed with Touton type of multinucleate giant cells (arrowheads). Moderate numbers of
admixed lymphocytes and a rare eosinophil are also present. (f) Bone biopsy (tibia) showing bone sclerosis and widespread infiltration of marrow
spaces by large foamy lipid laden histiocytes admixed with few eosinophils similar to the skin lesions. Inset: Histiocytes with abundant finely vacuo-
lated cytoplasm and small nuclei. Touton giant cells were inconspicuous and the nuclei were small and bland. There was no nuclear grooving. (g)
Immunohistochemistry showing strong expression of CD68 macrophage marker in the histiocytes. Inset: Higher magnification showing Touton giant
cell positivity. (h) The histiocytes are CD1a and S-100 negative. The findings indicated a non-Langerhans cell histiocytic disorder. [(e, f) HE stain;
(g, h) Immunohistochemistry; Original magnifications: (e) 403, inset 3203; (f) 1603; (g) 803, inset 3203; (h) 3203].
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Development of Holmes’ Tremor in a Patient

with Parkinson’s Disease Following Acute

Cerebellar Infarction

Video

Holmes’ tremor (HT) is categorized as intention, rest, and
sometimes postural tremor with a frequency below 4.5 Hz by
the Consensus Statement of the Movement Disorder Society
on tremors.1 It is caused by various neurological diseases,
such as stroke or tumors involving the brainstem.1 Recent
pathoanatomical study suggests that the combined damage of
the cerebellothalamic and nigrostriatal system is required for
the genesis of HT.2,3 Here, we present a case with Parkin-
son’s disease (PD) developing HT after acute cerebellar
infarction.
An 81-year-old female was admitted for severe action

tremor in left arm for 10 days. Three weeks prior to admis-
sion, transient dizziness and gait disturbance were devel-
oped. The patient had previous histories of hypertension, di-
abetes mellitus, and atrial fibrillation 5 years prior. The
patient was diagnosed with PD for progressive left-side
dominant rest tremor and bradykinesia in a local clinic 2
years ago, but had refused treatment. The family history
was unremarkable.

The cognitive, cranial nerve, motor, or sensory functions
were normal. There was left sway on the tandem gait. There
was masked face. In a resting condition, there was rhythmic
flexion and extension of the left hand (Fahn-Tolosa-Martin
rating scale (FTM) score 5 2). Tremulous activity at jaw
was observed in a resting condition. The intensity of the
tremor was accentuated in arm stretching condition (FTM
score 5 3) and was maximal in goal-directed movement
(FTM score 5 4). The action tremor was too severe to per-
form activities of daily living with left hand. Other PD fea-
tures were left-side dominant bradykinesia, rigidity, and par-
kinsonian gait (UPDRS part III motor score 5 38). A surface
polymyographic study showed rhythmic bursts between the

arm flexor and extensor with a frequency of 4 to 4.3 Hz in a
resting and arm stretching condition (Fig. 1A).

A brain diffusion-weighted image (DWI) study 3 days
after admission disclosed acute multifocal infarctions in the
left cerebellar hemisphere (Fig. 1B). There were mild is-
chemic changes on bilateral periventricular white matter.
Medication with levodopa (Sinemet1 (25/100), 300 mg,
t.i.d.) and antiplatelet agent (Astrix1, 100 mg, daily) was
initiated.

One month after discharge, the rest tremor in the left arm
and jaw almost disappeared (FTM score 5 0) and other PD
symptoms were slightly improved (UPDRS part III 5 27).
However, postural or kinetic tremor did not change (FTM
score 5 3 and 4, respectively) despite the combined treat-
ments with L-dopa (Sinemet1 (25/250), 750 mg, t.i.d),
arotinolol HCl (Almarl1, 20 mg, b.i.d.), and clonazepam
(Rivotril1, 1.5 mg, t.i.d.) over 6 months.

The tremor of our case fulfills the criteria for a HT: unilat-
eral intention and rest tremor of the arm with a frequency
below 4.5 Hz. Our case had a preexisting PD tremor, and
postural and kinetic tremor developed abruptly after acute
cerebellar infarction. One could assume that action tremor of
our case is a part of essential tremor, found in less than 10%
of patients with PD,4 or parkinsonian tremor of postural type
during the natural course of PD.1 However, we think that
the etiology of action tremor is of symptomatic origin
because it developed abruptly and unilaterally after cerebellar
infarction.

Although the pathological mechanism of HT is still
unclear, there has been evidence to suggest that combined
damage of the nigrostriatal and cerebellothalamic path-
ways is the possible mechanism of HT.2,3 The most sin-
gle responsible lesion is the midbrain where an anatomi-
cal proximity between the two pathways exists. However,
there were several cases with HT caused by preexisting
cerebellar deficits and subsequent nigrostriatal dysfunc-
tion.5–7 These findings suggest that separate lesion of
each pathway from different etiology or at different time
also induces HT. Development of HT in our case is
attributed to the combined effect of the preexisting nigro-
striatal dysfunction and subsequent cerebellothalamic dys-
function.

Although the response of HT to medical treatment is
highly variable, treatment with L-dopa has occasionally been
reported to be effective.2,8,9 Our case showed dramatic
response to L-dopa in rest tremor but not in postural and ki-
netic tremor, suggesting that nigrostriatal dysfunction partly
plays a role in HT. However, it has been found that patients
with typical rest tremor do not usually respond to L-dopa,1

whereas other patients with predominantly action tremor
respond satisfactorily,2,5,6 indicating that complex pathologi-
cal mechanism may exist in HT.

LEGENDS TO THE VIDEO

Segment 1. (0–1 minute 31 seconds). There is a rhythmic
flexion-extension movement in the left arm. The tremor wor-
sens in arm stretching or the finger-to-nose test. A jaw tremor
is also found in the resting condition.

Segment 2. (1 minute 31 seconds–2 minutes 59 seconds).
Three months after medication (levodopa, beta blocker, and

Additional Supporting Information may be found in the online
version of this article.
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clonazepam), the rest tremor previously seen in the left arm
and jaw is almost absent. However, the postural and kinetic
tremor still persist.
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FIG. 1. (A) Surface polymyography in the left arm in a resting and postural condition. (B) Diffusion-weighted image of the brain MR study.
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Beneficial Effect of Deep Brain Stimulation

of GPi in a Patient with Dystonia-Deafness

Phenotype

Video

We present the first case of the successful treatment of dysto-
nia-deafness syndrome by deep brain stimulation (DBS) of
the globus pallidus interna (GPi).

The case concerns a 30-year-old male patient who had a
negative family history of dystonia or hearing loss. At about
3 years of age, he was found to have a severe sensorineuro-
nal hearing impairment, which remained stable until the age
of 24. At that time, the patient noticed occasional involuntary
twisting of his head toward left. The hearing impairment pro-
gressed to total deafness. Notably, there was no previous ex-
posure to neuroleptics until 28 years of age, when he had a
psychotic episode with paranoid delusions. The deafness and
severe truncal and cervical dystonia accompanied by dyspha-
gia and severe dysarthria further predominated in the clinical
picture. Visual evoked potentials were significantly prolonged
bilaterally. The ophthalmologic examination and magnetic
resonance imaging of the brain were normal. Neuropsycho-
logical tests revealed no cognitive deficit.

By clinical examination and genetic testing, we ruled out
the DYT1, PKAN, Wilson disease, spinocerebellar ataxias, as
well as rare syndromes of deafness with generalized dystonia.
A comorbidity of primary sporadic non-DYT1 dystonia com-
pounded by deafness due to other causes appeared rather
speculative. Finally, severe sensorineuronal hearing disorder
from early childhood followed by generalized dystonia devel-
oping in early adulthood made us suspect the dystonia-deaf-
ness (Mohr-Tranebjaerg) syndrome.1 Several additional
symptoms such as history of behavioral disorder and subclin-
ical involvement of the visual system supported this diagnosis.
Even if genetic testing showed no evidence of mutation2–5

(frameshift, deletion, stop, missense, splice-site, or intronic
mutation) of the gene TIMM8A/DDP1, a novel mutation
could not be excluded. Therefore, we still believe that the
present case is the dystonia-deafness syndrome.

The patient received repeated local injections of botulinum
toxin into dystonic neck muscles with only partial relief. Oral
treatments by biperidene, tiapride, amantadine, and clonaze-
pam were subsequently given with no or minor improvement.
At the age of 29, his cervical and truncal dystonia further
progressed with dystonic involvement spreading to his lower
extremities. Extreme retrocollis soon led to compromised res-
piration forcing the patient to sleep in a semirecumbent posi-
tion. After the failed use of all available pharmacological
treatment, we resorted to GPi DBS as to the ultimate option.
The patient then had the electrodes (Model 3389, Medtronic,
Minneapolis, MN) implanted into the posteroventral portion
of the GPi bilaterally. The coordinates of the distal (active)
contacts were as follows: 19-mm lateral from the midline in

the left and 21-mm lateral in the right hemisphere; 3.5-mm
bellow the level of the intercommissural line in the left and
2.5-mm bellow this line in the right hemisphere; and 3-mm
anterior to its middle on both sides. A Kinetra neurostimula-
tor was implanted into the subclavicular region.

Like in other generalized dystonias, the antidystonic effect
of GPi DBS began to show gradually over a course of sev-
eral months (Fig. 1). Maximum improvement was expressed
by a 75% decrease in the motor score of the Burke-Fahn-
Marsden scale (BFMDS),6 which was reached 10 months af-
ter surgery. This is comparable with the effects of GPi DBS
commonly seen in patients with DYT1-positive primary dys-
tonia.7 There was marked abatement of cervical and truncal
dystonia as well as improvement of gait (see video). Swal-
lowing and speech showed only little improvement. The
hearing loss remained unchanged as expected.

As our experience suggests, bilateral GPi DBS can be a suita-
ble symptomatic therapy in patients with the dystonia-deafness
phenotype. Now, 21 months after the implantation, the patient is
experiencing the stable clinical effects of neurostimulation.

LEGENDS TO THE VIDEO

Segment 1. Before the implantation of DBS electrodes:
severe cervical and truncal dystonia, impairment of gait.

Segment 2. One month after the implantation, a day
before the start of the chronic Gpi DBS: same clinical picture
as before surgery.

Segment 3. Three months after the implantation: cervical
and truncal dystonia shows improvement.

Segment 4. Ten months after the implantation: minor cer-
vical dystonia, gait markedly improved.
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FIG. 1. Clinical improvement in a patient with the dystonia-deafness
phenotype is documented by a gradual decrease of the BFMDS-motor
score (closed circles) following bilateral GPi DBS. To find optimal pa-
rameters of neurostimulation, the voltage (open diamonds) was gradu-
ally increased to 1.5V with the pulse duration (450 ls) and frequency
(130Hz) being constant. As a result of the slow start of the clinical
benefit, the optimum was reached 10 months after implantation.
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Dušan Urgošı́k, MD, PhD
Stereotactic and Radiation Neurosurgery

Na Homolce Hospital
Prague, Czech Republic
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Cervical Dystonia Presenting as a Phenocopy

in an Irish SCA2 Family

Spinocerebellar ataxia type 2 (SCA2) is an autosomal domi-
nant neurodegenerative disorder caused by an unstable CAG
repeat in the ataxin-2 gene on chromosome 12q.1

Ataxia is almost invariable and may be accompanied by
pyramidal and extrapyramidal signs, peripheral neuropathy,
and oculomotor abnormalities. Cervical dystonia has been
described in SCA1,2 3,3 and 6,4 as well as in genetically
undetermined cases.5 Recently a number of reports have
described the association of SCA2 with cervical dystonia.6,7

In a series of 11 patients with SCA2 and cervical dystonia,
seven had an isolated laterocollis and in one case dystonia
preceded the onset of ataxia by 3 years.8

Normal SCA2 alleles contain between 14 and 31 CAG
repeats; the 22 repeat normal allele accounts for up to 86.4%
of alleles.9 Clinical signs compatible with SCA2 have been
described in a patient with 33 repeats.10 We report on an
Irish SCA2 pedigree in which four members have varying
combinations of adult onset dystonia and ataxia; one sibling
with cervical dystonia, originally presumed to have inherited
a pathogenic SCA2 allele, was later found to represent a dis-
ease phenocopy.

A truncated pedigree drawing is provided in Figure 1. The
proband (II:9) is a 74-year-old woman who reported the
gradual onset of shoulder pain and neck stiffness at the age
of 57. There was no history of preceding trauma or neurolep-
tic exposure. At presentation, she had a moderate to severe
right laterocollis and a ‘‘no-no’’ head tremor that precluded
MRI examination. No limb or laryngeal dystonia was identi-
fied. Gait and saccadic eye movements were normal and
there was no sensory neuropathy or pyramidal signs. She has
been treated with botulinum toxin every 3 months with a
moderate response.

Both II:1 and II:4 are cousins of the proband currently liv-
ing in the UK. They are both ataxic with onset after 30 years
of age. The older of the pair, II:1, is now wheelchair bound.
II:5 is a 78-year-old woman who developed cervical dystonia
(laterocollis) of sudden onset at 40 years of age. At 69 years,
she reported deterioration of her gait with the need to use a
stick due to imbalance. In the last decade, she has developed
a severely disabling spasmodic dysphonia (adductor type)
and writer’s cramp of her right hand. Clinically evident slow-
ing of saccadic eye movements was observed with a moder-
ate truncal and limb ataxia. She has had a poor response to
botulinum toxin treatment. II:10 is a 71-year-old woman who
developed an insidious onset of gait imbalance in her fourth
decade. She has required the assistance of a stick to walk
since her late sixties. Since childhood she describes having
‘‘poor writing’’ and currently has evidence of a writer’s
cramp on the right side as well as an adductor-type spas-
modic dysphonia since the age of 68 years. She has a moder-
ately severe truncal ataxia, limb ataxia, and slow saccadic
eye movements on examination. Ankle jerks are absent and
there is distal loss of vibration sensation in the lower limbs.
No cervical dystonia is present. MRI brain showed moder-
ately severe cerebellar atrophy.

II:1, II:5, and II:10 were found to have single pathological
allelic expansions with 36, 34, and 35 CAG repeats respec-
tively at the SCA2 locus on chromosome 12. Individual II:4
also had confirmed pathological SCA2 expansion although no
further details are available to us. Gene sequencing on II:10
identified an uninterrupted expansion suggesting a greater
possibility of instability of this region when transmitted
between generations. Analysis of the SCA2 gene in the pro-
band, II:9, surprisingly revealed normal alleles of 22 repeats.
A further sample taken for reanalysis confirmed the result. It
is therefore highly unlikely that she has inherited the SCA2
genotype.

Genetic testing for inherited neurological diseases has
hugely improved our ability to provide patients with a diag-
nosis and genetic counselling. The ability to test for known
mutations has also enabled the description of a more com-
plete phenotypic spectrum in some conditions. The presence
of phenocopies within pedigrees is a well-known hazard of
linkage analysis and has the ability to confound genetic stud-
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ies as well as provide diagnostic confusion.11 In these situa-
tions careful review of clinical features and appropriate use
of genetic testing may be helpful.
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Thalamic Stimulation Restores Defective

Cerebellocortical Inhibition in Multiple

Sclerosis Tremor

Action tremor is a frequent complication of multiple sclerosis
(MS)1 that can be treated by deep brain stimulation (DBS) of
the ventralis intermedius (VIM) thalamic nucleus, a structure
receiving cerebellar projections.2 However, the mechanism of
action of VIM-DBS is still a matter of debate.

By activating the cerebellothalamocortical (CTC) path-
way,3 transcranial magnetic stimulation (TMS) of the cere-
bellum reduces motor-evoked potential (MEP) amplitude (in
response to M1 stimulation) by more than 40% (according to
our normative data). Inhibition is reduced or absent when the
dentate nucleus or the CTC pathway is lesioned.4 In a series
of 6 patients with essential tremor, VIM-DBS was found to
partially restore the defective CTC-mediated inhibition.5 The
goal of this work was to determine whether VIM-DBS can
produce the same effect in a case of MS tremor.

A 49-year-old man with secondary progressive MS was
severely disabled by left upper limb tremor for more than
2 years. Tremor was mostly triggered by posture and further
exacerbated by any attempted movement, interfering with
daily-life activities. The right upper extremity was mildly
affected. Brain magnetic resonance imaging (MRI) showed
multiple T2-weighted hyperintense signal changes, including
a lesion located at the junction between the pons and lower
midbrain on the right side.

The patient underwent right VIM-DBS implantation6 and
his tremor remarkably improved. Tremor severity score on

FIG. 1. A truncated representation of an Irish SCA2 pedigree. Filled in symbols represent family members with genetically confirmed SCA2.
The proband (II:9) is identified by the black arrow.
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Fahn-Tolosa-Marin rating scale was reduced from 4/4 (severe
tremor, amplitude > 4 cm) to 1/4 (slight, intermittent tremor)
when VIM-DBS was turned from ‘‘OFF’’ to ‘‘ON’’ (voltage:
3 V, pulse width: 90 microseconds, frequency: 130 Hz,
mode: bipolar, cyclic).

The patient gave informed consent for a TMS study of
CTC pathways. Stimulation of the left cerebellum was per-
formed with a double-cone coil centered 3–4 cm lateral to
the inion. Stimulus intensity was set at 5–10% below the
active motor threshold. Stimulation of the left hand represen-
tation in the right M1 was performed with a figure-of-eight
coil oriented at 458 to the midsagittal line. Stimulus intensity
was adjusted to elicit MEPs with peak-to-peak amplitude of
0.5–1 mV in the relaxed first dorsal interosseous (FDI) mus-
cle. Interstimulus intervals between cerebellar and M1 stimu-
lation ranged from 5 to 8 milliseconds. Eight trials of test
pulse alone and four trials of paired pulses at each interval
were performed and averaged. The amplitude of FDI-MEPs
to M1 stimulation was compared between conditioned and
unconditioned trials to assess the effect of CTC pathway acti-
vation resulting from cerebellar stimulation. The TMS study
was performed in ‘‘ON-’’ then ‘‘OFF-stimulation’’ condition.
In these conditions, VIM-DBS was switched ‘‘ON’’ or
‘‘OFF’’ for more than 30 minutes.

The results are illustrated in Figure 1. Statistical compari-
sons were not performed because there were too few values
(single case). First, we found that VIM-DBS did not modify
M1 excitability because test MEP amplitude (0.6 mV) and
stimulus intensity (52%) were identical in ‘‘OFF-’’ and ‘‘ON-
stimulation’’ conditions. In contrast, conditioned MEP ampli-
tude varied with stimulation condition: MEP inhibition to
cerebellar stimulation was absent in ‘‘OFF-stimulation’’ con-
dition (conditioned MEP size ranged from 100 to 130% of
test MEP size, mean 6 SD: 125.4 6 17.4) and was restored
to normal when VIM-DBS was switched ‘‘ON’’ (conditioned
MEP size ranged from 17 to 95% of test MEP size, mean 6
SD: 47.9 6 33.7). Because of tremor, the background muscu-
lar activity was greater in ‘‘OFF-’’ than ‘‘ON-stimulation’’

condition. However, this was unlikely to contribute to the
lack of inhibition in ‘‘OFF-stimulation’’ condition, because
MEP amplitude was the same with the stimulator turned
‘‘OFF’’ or ‘‘ON.’’ Therefore, we hypothesized that the differ-
ence observed between stimulation conditions mostly
reflected the restoration of CTC-mediated inhibition by VIM-
DBS, as previously shown in patients with essential tremor.5

The clinical presentation of MS tremor suggests cerebellar
dysfunction, but MS tremor amplitude was found to correlate
with the lesion load in the contralateral pons rather than in
the cerebellum.7 In our patient, the lack of inhibition from
cerebellar output to M1 at baseline favored the hypothesis of
a lesion affecting the ascending efferent CTC pathways. The
localization of MRI signal abnormality in the right brainstem
further supported a lesion distal to CTC pathway decussation.

Thalamic stimulation restored motor inhibition from the
CTC pathway, but we cannot ascertain that tremor suppression
was the direct consequence of this restored inhibition. Never-
theless, this finding strengthens the hypothesis that VIM-DBS
suppresses tremor by activating circuits and therefore may dif-
fer from ablative thalamotomy. Reactivation of the CTC path-
ways may be a common mechanism of action of VIM-DBS on
tremor of various origins, including MS and essential tremor.
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FIG. 1. Motor-evoked potentials (MEPs) recorded at the left hand in
response to right motor cortex stimulation conditioned by preceding
left cerebellar stimulation. From left to right are presented data from
an illustrative control subject (43-year-old man) and from a patient
with multiple sclerosis tremor treated by VIM thalamic nucleus stim-
ulation in ‘‘OFF-’’ and ‘‘ON-stimulation’’ condition. Note that MEPs
are frankly dispersed because of demyelination. From top to bottom
are presented the averaged MEPs obtained to M1 stimulation per-
formed alone (test) or conditioned by cerebellar stimulation at inter-
stimuli intervals ranging from 5 to 8 milliseconds. Horizontal bar:
20 milliseconds. Vertical bar: 1 mV.
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Psychogenic Nocturnal Stridor in a Child:

A Case Report

Video

Stridor is a harsh/strained, high-pitched respiratory noise that
may be congenital or acquired, acute, intermittent or chronic,
daily or nocturnal, and whose sound is usually distinguish-
able from snoring.

In pediatric age, stridor may be the main symptom of air-
way obstruction,1 whereas its nocturnal recurrence in adult-
hood is often an early sign of a neurodegenerative disease.2,3

Psychological factors may also cause stridor, in the absence
of obvious anatomic or physiologic disorders, that is, psycho-
genic stridor.4

A 13-year-old boy was admitted with a 5-month history of
nightly recurring heavy noisy breathing that had begun after
an episode of common pharyngitis. In particular, a donkey-
like respiratory noise appeared repetitively whenever he
attempted to fall asleep, every night, disrupting sleep onset
with consequent insomnia. After 5 to 10 noisy respiratory
cycles, the patient would get out of bed coughing and com-
plaining of headache, excessive salivation, and sometimes
vomiting. Family history was unremarkable. Respiratory
function tests performed through static and dynamic spirome-
try, chest-abdomen computed tomography, and laboratory
investigations were all normal.

Daytime otolaryngologic examinations including fibro-
scopy of the upper airways with static and dynamic vocal
cord evaluation and CT/MRI of brain and neck did not dis-
close any abnormality.

Laryngomalacia and laryngopharyngeal reflux were
excluded. When asked to, the patient was able to reproduce
the noise that the parents recognized as the same their son
displayed at home during the night. On flexible video-nose-
endoscopy, an abnormal and paradoxycal adduction of the
vocal cords during inspiration was observed while the
patient, on demand, reproduced the respiratory noise. The lat-
ter was stridorous and inspiratory, with prompt resumption of
normal vocal cord conditions and disappearance of the inspir-
atory stridor as soon as he was asked to stop.

Drug-induced sleep endoscopy5 documented normal vocal
cord motion while asleep.

A videopolysomnographic study (VPSG) was performed.
While awake, EEG showed a posterior alpha rhythm at 9 to
10 c/s; the patient was eupnoic (18–20 breaths per minute)
with O2 saturation at 98%. Heart rate (HR) was 82 and regu-
lar. During wake preceding sleep onset, between 12:15 p.m.
and 3:30 a.m., five episodes (3 with the patient on right side
posture and 2 in prone posture) were recorded, stereotypic
and characterized by a slowing down of respiratory rate (now
14–16 breaths per minute) accompanied by a sort of expira-
tory blow and culminating into 5 to 10 consecutive respira-
tory cycles with heavy inspiratory noisy stridor, until the
patient abruptly got up anxious and reporting headache. Dur-
ing such episodes, the EEG showed diffuse fast activity, typi-
cal of wakefulness, accelerated HR, and unchanged oxygen
saturation. Paradoxycal thoraco-abdominal movements were
not present (Fig. 1). After each episode, the patient resumed
normal breathing and behavior in less than 1 minute (Video).

The patient was diagnosed with psychogenic stridor, and
parents and patient were reassured about the benign nature of
the respiratory noise and the lack of structural airway abnor-
mality. The patient was then managed through psychotherapy
and, upon follow-up, the nocturnal stridorous breathing van-
ished after a few weeks.

Stridor is often a worrisome symptom to patients and
physicians alike. Our patient complained of nocturnal recur-
ring respiratory noise arising during a behavioral condition
resembling sleep but characterized by EEG wake activity.
The breathing noise made by the patient was frightening to
himself and his relatives and led to medical consults. Struc-
tural and functional abnormalities of the upper airways and
lung were excluded by the normal clinical, radiological, spi-
rometric, and fiberoptic findings, including drug-induced
sleep endoscopy. Fibroscopy during attempts at voluntary
reproducing the respiratory noise showed no obvious disor-
der, but rather a paradoxycal adduction of the vocal folds
during inspiration as indeed happens in psychogenic stridor.4

Our report also highlights the importance of VPSG as a use-
ful diagnostic tool in atypical forms of respiratory-related
nocturnal noises, because it excluded possible sleep-related
breathing disorders/noises such as snoring, catathrenia, noc-
turnal laryngospasm, and epileptic moaning.6,7

LEGENDS TO THE VIDEO

Segment 1. To the left, audiovisual recordings of stridor-
ous, nocturnal breathing in a 13-year-old boy. To the right,
PSG recordings document EEG (F3-A2, C3-A2, O2-A1, Cz-
A1) alpha activity. Five stridor episodes (Mic, microphone)
are followed by behavioral arousal with coughing. R, right;
L, left; EOG, electroculogram; Mylo, mylohyoideus; SCM,

Additional Supporting Information may be found in the online
version of this article.
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sternocleidomastoideus; Tib Ant, tibialis anterior; Lpalm SSR,
left palm spontaneous sympathetic skin response; ECG, elec-
trocardiogram; Mic, microphone; Interc, intercostalis; Diaph,
diaphragm; O-N Resp., oro-nasal respirogram; Abd. Resp.,
abdominal respirogram; SaO2, oxygen saturation (%).

Segment 2. Another episode of inspiratory stridorous
breaths, again followed by behavioral arousal. PSG legend as
per segment 1; Thor Resp, thoracic respirogram.
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Increased Medial Temporal Blood Flow in

Parkinson’s Disease with Pathological

Hypersexuality

Parkinson’s disease (PD) is characterized by motor and
nonmotor features, including cognitive, neuropsychiatric,
and autonomic disturbances. PD can also be accompanied
by various pathological behaviors such as pathological
hypersexuality (PHS), excessive gambling or shopping.
These impulse control behaviors have devastating psycho-
social consequences. Recently, PHS has been associated
with antiparkinsonian medication. However, the brain
region responsible for PHS remains unknown, in part
because of few neuroimaging studies. We describe a PD
patient with PHS who showed activation in the medial tem-
poral regions on technetium-99m-ethyl cysteinate dimer
(Tc-ECD) SPECT.

In October 2001, a 74-year-old right-handed man noticed
gait difficulty and hand tremor. He received levodopa, and
symptoms improved moderately. However, slowness of
movements, rigidity, and tremor worsened, and he was given
other antiparkinsonian medications, including pergolide and
trihexyphenidyl. In March 2006, he presented at our hospital.
The patient was given L-dopa (300 mg/day), pergolide
(1500 lg/day), selegiline (5 mg/day), trihexyphenidyl (2 mg/
day), and droxydopa (200 mg/day). He showed features of
moderate Parkinsonism, including masked face, stooped pos-
ture, retropulsion, bradykinesia, left-side-dominant rigidity,
and resting tremor. Because slowness of movement and gait
difficulty progressively worsened, the doses of L-dopa
(400 mg/day) and pergolide (1,750 lg/day) were increased.
Symptom severity decreased, but obsessive behavior devel-
oped in February 2008. Every night he demanded sex several
times and touched his wife’s genitals many times per night,
even though he could not achieve an erection. He was unin-
terested in other women. He also changed clothes many
times per day. The patient had a serious personality, with no
history of hypersexuality. In March, his sexual urges
increased despite treatment with quetiapine (25 mg/day). In
April, he desired sex constantly, not only at night but also
during the daytime. The results of EEG and cranial MRI
examinations were normal. The easy Z-score imaging system
(eZIS) images on initial Tc-ECD SPECT showed increased
regional cerebral blood flow (rCBF) in the right medial tem-
poral regions (Fig. 1A). There was decreased rCBF in the

occipital lobes (data not shown). At the time of SPECT
imaging, the patient was receiving L-dopa (400 mg/day), per-
golide (1,750 lg/day), selegiline (5 mg/day), trihexyphenidyl
(2 mg/day), droxydopa (200 mg/day), and quetiapine (25 mg/
day). The scores of neuropsychological assessments were 1
(out of a possible 54) on the Hamilton Depression Scale, 3
(out of 56) on the Hamilton Anxiety Scale, and (3 out of
60) on the Young Mania Rating Scale. The score on the
Mini-Mental Status Examination was normal (26/30). The
scores on parts I, II, III, and IV of the Unified Parkinson’s
Disease Rating Scale were 0, 7, 14, and 1, respectively. The
dose of only pergolide was decreased (1,250 lg/day), and
the obsessive touching of his wife’s genitals and excessive
punding-like behavior resolved, but he still demanded sex
many times per day. In May, the dose of pergolide was
decreased to 500 lg/day. The doses of the other medications
remained unchanged. His desire to have sex resolved during
the daytime, but persisted at night. At the time, a second
series of eZIS images on SPECT revealed that the increased
rCBF in the right medial temporal regions had diminished
(Fig. 1B).

PHS in our patient was ascribed to pergolide since such
behavior decreased after lowering the dose. Impulse control
behavior involves increased dopaminergic stimulation of non-
motor basal ganglia loops, including the nucleus accumbens,
mesolimbic and mesocortical circuits, and the anterior cingu-
late loop.1 Dopamine agonists can influence nonmotor basal
ganglia loops.2 Dopamine D3 receptor is involved in reward,
craving, emotional, and cognitive processes and related to
impulse control behavior.3 Pergolide has a high affinity for
D3 receptor. The relation of drug usage to PHS remains
uncertain, but the association of pathological gambling in PD
with the use of dopamine D3-selective agonists4 and our
observations suggest a link between PHS and treatment with
this type of drug.

The region responsible for PHS remains unclear because
of difficulty in evaluating the underlying causes by techni-
ques such as functional MRI. Some neuroimaging studies of
impulse control behavior showed reduced activity in the
mesial frontal areas in medicated PD patients performing the
Iowa Gambling task.5 Functional MRI showed a negative
correlation of gambling severity with activation of the ven-
tromedial prefrontal cortex and ventral striatum in individuals
with pathological gambling without PD.6 The increased
medial temporal blood flow in our patient may provide initial
evidence of primary regions associated with PHS. The meso-
limbic system, an integral part of nonmotor basal ganglia
loops, regulates responses to natural rewards such as sex.7

The dopamine D3 receptors, temporally associated with PHS
in our patient, are primarily localized to brain limbic
regions.3 Although the effects of other antiparkinsonian med-
ications being received at the time of scanning cannot be
ruled out, our observations suggest that excessive stimulation
of D3 receptors in medial temporal regions may contribute to
PHS in PD.
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FIG. 1. SPECT study performed with technetium-99m-ethyl cysteinate dimer. The images were analyzed with an easy Z-score (eZIS) imaging
system. The first eZIS images on SPECT showed increased rCBF in the right medial temporal lobe (A). The second eZIS images on SPECT
revealed that the increased rCBF in the right medial temporal regions had diminished (B).
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The Impact of an Intense Religious Experience

on Motor Symptoms in Huntington’s Disease

The effects of placebo and psychological factors on movement
disorders are intriguing. Voluntary suppression of tics is a com-
mon finding in Gilles de la Tourette syndrome.1 In Parkinson’s
disease the placebo effect plays a very important role in the
response to medical and surgical treatments and it is known to
be associated with substantial release of endogenous dopamine
in the striatum.2 Very little is known about the impact of psy-
chological factors on clinical scores in Huntington’s disease
(HD). We now report the impact on motor disorders of an
intense religious experience in a patient with HD.

The patient is a 36-year old lady with a predominant
motor syndrome, mostly characterized by chorea and dys-
tonia, and little cognitive or psychiatric impairment. There
is family history of HD in several siblings and other rela-
tives, and the diagnosis has been confirmed by molecular
analysis of the CAG repeats in the huntingtin gene (long
allele: 55 CAG repeats; short allele: 19 CAG repeats). We
have followed this patient for the last 3 years and we
have recorded her clinical deficits according to the Unified
Huntington’s Disease Rating Scale (UHDRS) since 2006,
(Fig. 1).

In May 2008, the patient visited the pilgrimage shrine of
Lourdes, in the French. Pyrenees, a site with a long standing
fame of miraculous cures for patients with untreatable disor-
ders. According to the patient, during the visit, the Virgin
Mary spoke to her and told her she was cured of HD. During
the next few days she felt she was able to move much better,
much faster, and with better coordination. Therefore, she
requested a nonscheduled appointment in our HD clinic
which took place in the middle of June, 1 week after her visit
to Lourdes.

The patient continued to take the same medications and
doses as in previous visits, (bromocripitine 5 mg twice daily
and sertraline 20 mg once daily). She was euphoric about her
‘‘miraculous cure’’ and requested that the molecular analysis
of the number of CAG repeats in the huntingtin gene would
be repeated, as she expected that it should now be normal.
Her neurological examination failed to detect any cure of her
disease but there was a very important reduction of chorea
and dystonia scores with respect to previous exams. The
application of the UHDRS was performed independently by
two examiners (J.L.S. and J.G.Y.) with good interindividual
agreement. The rest of the items included in the UHDRS did
not improve with respect to previous exams (Fig. 1). In sum-
mary, the UHDRS motor scores of our patient improved
40%, from a score of 51 in the last visit, 3 months before her
trip to Lourdes, to a 31 score 1 week after and a 33 score 3
months after the visit. The improvement was limited to the
subscores of chorea and dystonia without significant changes
in other items.

UHDRS-motor scale is a compound, unbalanced scale,
which scores several motor abnormalities often present in
patients with HD.3 The maximal total score is 124 points.
Maximal scores for chorea and dystonia are 28 and 20,
respectively. Other items include ocular movement (max-
imal score: 24 points), dysarthria (maximal score: 4),
tongue protrusion (maximal score: 4), bradikinesia and ri-
gidity (maximal score: 12), finger tapping, hand pronosupi-
nation and Luria’s test (maximal score: 20), gait, tandem,
walking, and pull test (maximal score: 12). Our findings, an
almost complete disappearance of chorea and dystonia de-
spite negligible effects on other clinical motor deficits, sug-
gest that both chorea and dystonia are greatly susceptible
to placebo effect.

Published online 18 December 2008 in Wiley InterScience
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FIG. 1. Evolution on chorea, dystonia, Parkinsonism (rigidity, bra-
dykinesia, and tapping) subscores and rest of items of the UHDRS,
from 2 years before up to 3 months after an intense religious experi-
ence, showing marked improvement, mostly of chorea and dystonia.
(y, years; m, months; w, weeks).
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Dystonia is known to be reduced by sensorial stimulation
(the ‘‘geste antagoniste’’ effect) and increased by action
and anxiety.4,5 Chorea increases with anxiety.5 Our report
suggest that the placebo effect has a strong effect on these
symptoms and should be particularly considered in studies,
which investigate the course of the disease and modifying
factors in HD.
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