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Abstract Deep brain stimulation (DBS) has been used to
treat secondary dystonias caused by inborn errors of
metabolism with varying degrees of effectiveness. Here
we report for the first time the application of DBS as
treatment for secondary dystonia in a 22-year-old male with
X-linked adrenoleukodystrophy (X-ALD). The disease
manifested at age 6 with ADHD, tics, and dystonic gait,
and deteriorated to loss of ambulation by age 11, and
speech difficulties, seizures, and characteristic adrenal
insufficiency by age 16. DBS in the globus pallidus
internus was commenced at age 18. However, after
25 months, no improvement in dystonia was observed

(Burke–Fahn–Marsden (BFM) scores of 65.5 and 62 and
disability scores of 28 and 26, pre- and post-DBS,
respectively) and the DBS device was removed. Treatment
with dantrolene reduced skeletal muscle tone and improved
movement (Global Dystonia Rating Scores from 5 to 1 and
BFM score 42). Therefore, we conclude that DBS was a
safe but ineffective intervention in our case with long-
standing dystonia, whereas treatment of spasticity with
dantrolene did improve the movement disorder in this
young man with X-ALD.

Report

Deep brain stimulation (DBS) has demonstrated variable
effectiveness in secondary dystonias caused by inborn
errors of metabolism (e.g., homocystinuria, PKAN, GM1-
gangliosidosis) (Andrews et al. 2010; Aydin et al. 2011).
The present report of DBS in a now 22-year-old man with a
diagnosis of X-linked adrenoleukodystrophy (X-ALD,
OMIM# 300100) (Vidailhet et al. 2005) is its first reported
application in X-ALD.

The patient presented at age 6 with ADHD, tics, and
a dystonic gait. Neuroimaging revealed symmetrical
occipito-parietal demyelination and abnormal signal inten-
sities in the basal ganglia and thalamus (Fig. 1). Diagnosis
was confirmed by elevated very long chain fatty acids in
plasma. He lost the ability to ambulate within 5 years, and
was wheelchair-bound by age 11. His speech deteriorated
and was barely intelligible by age 16. Seizure disorder and
adrenal insufficiency were effectively controlled with
carbamazepine and clobazam, and hydrocortisone, respec-
tively. Initially the dystonia affected only the lower
extremities, but quickly generalized. At age 11 years, mild
athetoid movements of the head, neck, and extremities were
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observed. He held the neck in a flexed position, but was
able to extend it on request. He had a tendency to elevate
the right upper extremity, with his right wrist in a flexed
position and fingers extended. There was mild intermittent
flexion of the wrist. Knees were held in an extended
position, with ankles plantar flexed and feet inverted (left
greater than right). Tone was difficult to assess due to the
dystonia. Deep tendon reflexes were brisk, especially at the
knees; plantar responses were difficult to assess due to
dystonia. Hoffman’s sign was absent.

For dystonia, botox, levodopa/carbidopamine, trihexy-
phenidyl, pergolide, and pramipexole were ineffective.
Intrathecal baclofen to reduce muscle tone was refused by
the patient.

Repeat gadolinium magnetic resonance imaging revealed
no evidence of active disease at age 16, indicating
exhaustion of the disease process. The patient’s Loes score
was 15 and his IQ was <70 (WISC-III/IV). By then, he
exhibited a pronounced cogwheel phenomenon, unrespon-
sive deep tendon reflexes, and dystonic contractures,

but was able to manipulate his wheelchair. Deep brain
stimulation (DBS) was considered at the request of the
patient and his family (Vidailhet et al. 2005); the benefits
and risks (i.e., exacerbation of demyelination with external
trauma) (Raymond et al. 2010) were carefully considered,
and DBS was performed with informed consent at age 18.

DBS leads (Medtronic model 3389-40) were inserted
under general anesthesia with frame-based MRI-guided
stereotaxy and macro-electrode stimulation and into the
globus pallidus internus (GPi) and connected to an
implantable neural stimulator (Kinetra). Figure 2 shows
the location of the contacts used for stimulation.
Continuous mono-polar stimulation began 6 weeks
postoperatively with contact 1-positive (second most
ventral left) and contact 5-negative (second most ventral
right), pulse width 210 ms, 130 Hz, and 3.5 V. Parameters
were adjusted on numerous occasions to maximize
stimulation and avoid internal capsule response.

After 25 months, the patient had neither deteriorated nor
shown improvement of dystonia. His Burke–Fahn– Marsden

Fig. 1 MRI brain scan at 10 years of age. A representative image of
the T2-weighted sequence is shown demonstrating changes in signal
intensity within the posterior white matter in a bilateral, symmetric
fashion as well as increased signal intensity within the thalami

Fig. 2 Location of the DBS contacts. Preoperative T2-weighted MRI
fused with postoperative CT (windowed to show metal contacts) with
Schaltenbrand atlas superimposed using StealthStation S7 (Medtronic)
software. Active contacts can be seen in the most ventral posterior
pallidum bilaterally (approximately 2 mm anterior, 20 mm lateral, and
4 mm below the mid-commissural point)
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(BFM) and disability scores were 62 and 26, respectively
(baseline scores: 65.5 and 28). No change in either score
occurred upon deactivation and removal of DBS (measured
after 3 months).

Dantrolene was subsequently initiated at 12.5 mg orally
once daily and gradually increased to 25 mg three times
daily. Dantrolene sodium reduces skeletal muscle tone at
the level of the muscle fiber rather than the neural level
(Haslam et al. 1974). After 5 weeks, the patient’s Global
Dystonia Rating Scores were consistently 1 out of 10
(pre-treatment: 5 out of 10), and his BFM score was 42.
Major improvements included increased flexibility of the
right arm and lower limbs, and only occasional episodes of
dystonic posturing. No side effects were reported; liver
enzymes remained normal. However, his underlying
neurometabolic condition has since deteriorated with
cognitive decline and swallowing difficulties at age 22.

DBS was safe but ineffective in our patient. Treatment of
spasticity may improve DBS outcomes in long-standing
dystonia (Lumsden et al. 2013), particularly when supported
by occupational and physiotherapies with individualized and
goal-directed outcomes.
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Synopsis

Deep brain stimulation was a safe but ineffective interven-
tion for long-standing dystonia in X-ALD, whereas treat-
ment with dantrolene improved movement and dystonia
symptoms at the level of skeletal muscle.
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