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Purpose: Dystonia type 6 (DYT6) is an autosomal dominant monogenic movement disorder 
that often involves craniocervical and laryngeal regions, but can in rare circumstance present 
as trunk dystonia or severe scoliosis. Deep brain stimulation of the globus pallidus internus 
(GPi-DBS) has yielded favorable results in the treatment of DYT6 patients. This report 
describes the case of a 14-year-old male adolescent with DYT6 dystonia and severe scoliosis 
who was successfully treated by GPi DBS.
Patients and Methods: The diagnosis of DYT6 dystonia was made after excluding other 
etiologies and was confirmed by next-generation sequencing. The patient underwent bilateral 
GPi-DBS implantation surgery under general anesthesia.
Results: The patient’s Burke–Fahn–Marsden Dystonia Rating Scale score was 24 before 
surgery and decreased to 13.5 at 3 months, 3 at 6 months, and 2 at 12 months after bilateral 
GPi-DBS, corresponding to a 91% improvement from baseline to 12 months post-surgery. 
The patient’s scoliosis improved significantly within 6 months after DBS. No complications 
occurred during surgery.
Conclusion: An adolescent DYT6 patient with dystonia-related severe scoliosis was treated 
by bilateral GPi-DBS. The patient had an excellent outcome at 12 months after surgery, 
which prevented him from developing severe spinal deformity and disability. Early diagnosis 
of dystonia in adolescent patients can lead to timely and effective treatment. The etiology of 
severe scoliosis in adolescents should be carefully evaluated and differential diagnosis 
including dystonia should be considered. GPi-DBS in patients with DYT6 dystonia can 
prevent deformity.
Keywords: dystonia type 6, movement disorder, spinal deformity, deep brain stimulation, 
globus pallidus internus

Introduction
Dystonia type 6 (DYT6) is an autosomal dominant monogenic isolated movement 
disorder caused by mutations in the thanatos-associated domain-containing apop-
tosis-associated protein (THAP)1 gene.1 Clinically, DYT6 is characterized by an 
early age of onset—usually during childhood or adolescence—with symptoms that 
frequently start in the craniocervical region (46%), extremities (44%), or laryngeal 
region (10%).1,2 Speech involvement is also common.2,3 Dystonia symptoms often 
develop progressively and can result in severe disability. Severe trunk dystonia as 
the main presenting symptom is relatively uncommon;2,4 in adolescent patients, this 
can sometimes mimic idiopathic adolescent scoliosis.5 In fact, the cause of scoliosis 
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in children and adolescents may be idiopathic (up to 80% 
of cases), congenital, or neuromuscular;6 neuromuscular 
etiology as in DYT6 dystonia is a rare but important 
differential diagnosis in these patients.7

With the increasing availability of new genetic diag-
nostic tools such as next-generation sequencing, it is pos-
sible to perform genetic screening tests in adolescent 
patients with suspected dystonia symptoms even when 
there is no family history.5 Early identification of 
a genetic etiology for dystonia is critical because 
a correct diagnosis can ensure timely and appropriate 
treatment such as deep brain stimulation (DBS) before 
disability or deformity occurs.8 DBS of the globus pallidus 
internus (GPi) is an effective treatment for primary dysto-
nia with a genetic cause such as DYT1 and DYT6.8,9 

However, because of the invasiveness and high cost, few 
patients with DYT6 dystonia have undergone DBS treat-
ment. An earlier small case series reported only moderate 
responses to DBS.10 However, in recent studies, more 
medically refractory DYT6 cases receiving GPi-DBS 
showed good outcome, and in DYT6 patients with trunk 
dystonia, the overall benefit was reported to be comparable 
to that in other primary dystonias, with a greater effect 
observed in the trunk and limbs than in the craniocervical 
region.4,10,11

Here, we report the case of a 14-year-old boy with 
DYT6 dystonia in whom the initial symptom was mild 
hand clumsiness, followed by rapid progression to debil-
itating scoliosis. Although it was once considered as 
idiopathic adolescent scoliosis, the scoliosis progressed 
despite various treatments. Thanatos-associated domain- 
containing apoptosis-associated protein (THAP)1 muta-
tion was confirmed after a diagnostic workup by 
a pediatric neurologist. Based on suspicion of DYT6 
with severe trunk dystonia, the patient received bilateral 
GPi-DBS treatment. The DYT6-induced scoliosis 
improved significantly, and disability and deformity 
were avoided.

Case Description
History
The 14-year-old male patient had normal birth and devel-
opmental milestones. He has no family history of dysto-
nia or other movement disorders. At the age of 7, the first 
symptom of dystonia appeared as clumsiness of the 
hands; when he started to attend elementary school, he 
experienced difficulty with schoolwork because of an 

abnormal handgrip during writing. He was also noted to 
have difficulty playing with small objects such as build-
ing blocks or certain musical instruments such as a flute 
or piano. At first, the condition progressed very slowly. 
At the age of 10, the patient’s father became aware that 
his son’s hand clumsiness was not correlated with his age 
and development, and sought medical help. The boy 
visited a rehabilitation clinic for the hand clumsiness 
and underwent a series of rehabilitation treatments with-
out obvious improvement. He also visited a pediatric 
neurologist for evaluation, but the brain magnetic reso-
nance imaging (MRI) examination revealed only 
a parapineal arachnoid cyst, and no specific diagnosis 
was made at that time. However, when the patient was 
11 years old, scoliosis appeared that mainly involved the 
thoracic and lumbar regions of the spine and abnormal 
posture, which rapidly deteriorated in the following 6 
months. His gait and stance became severely impeded 
due to the severity of the scoliosis. He visited orthopedic 
doctors at the local hospital and received various medica-
tions, botulinum toxin injection, a back brace, and differ-
ent types of physical therapy based on an initial suspicion 
of adult idiopathic scoliosis. None of these treatments 
were effective for the scoliosis. Muscle biopsy was per-
formed but the results were normal. He was finally 
referred to a pediatric neurologist (WTL) at our center. 
Levodopa was given as a trial but had no effect. 
Laboratory biochemical tests showed no abnormalities 
and medication-induced and acquired dystonia were 
excluded. Genetic testing with a dystonia panel by next- 
generation sequencing revealed a heterozygous mutation 
in the THAP1 gene (c.537dupA).

A neurologic examination showed that the patient had 
normal cognitive function. His muscle strength was nor-
mal except for mild weakness in both hands. Mild brady-
kinesia of both hands was noted when the patient was 
asked to perform rapid, alternating movements. He had 
markedly abnormal posture caused by dystonia involving 
the spine from the cervical to lumbar segments that pre-
vented him from walking and sitting normally, but his 
supine posture was nearly normal. The spine plain film 
showed a Cobb angle of 45°. Given that the scoliosis was 
progressive and severe, intractable to all treatment mea-
sures, and interfered with the patient’s daily life and school 
activities, bilateral GPi-DBS for generalized dystonia was 
recommended as the treatment when the patient was 12 
years old.
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Surgery
Bilateral GPi-DBS was performed after proper evaluation. 
The patient underwent a brain MRI scan under general 
anesthesia, and the images were used for surgical planning 
with the StealthStation S7 surgical navigation system 
(Medtronic, Minneapolis, MN, USA), with trajectories tar-
geting bilateral GPi. Frameless stereotaxy with the 
NexFrame system (Medtronic) under image-guided naviga-
tion was carried out on the second day of surgical planning. 
The surgery was performed under general anesthesia 
(Figure 1A). Intraoperative electrophysiologic recordings 
on both sides showed single-unit activity in the GPi, and 
the trajectory to the optic tract was verified by photic 
stimulation tests. The patient had no abnormal involuntary 
movements or contractions during test stimulation. Bilateral 
DBS electrodes were implanted and confirmed on intrao-
perative computed tomography O-arm images (Medtronic) 
immediately after fusion with the preoperatively planned 
trajectory (Figure 1B–D). The electrodes were connected 
through extension cables to the implantable pulse generator 
during the second stage of the operation. There were no 
surgery-related complications.

Post-Surgery Follow-Up
GPi-DBS treatment was initiated 1 week after surgery. 
After testing the therapeutic window of each individual 
electrode, the parameters were set as follows: left GPi 0(−) 
C(+) 1.0 mAmp, 450 μs, 130 Hz; and right GPi 8(−) C(+) 
1.0 mAmp, 450 μs, 130 Hz. No stimulation-induced side 
effects were noted. Zonisamide was continuously adminis-
tered after DBS. The patient’s Burke–Fahn–Marsden 
Dystonia Rating Scale score was 24 before DBS, and 
13.5, 3, and 2 at 3, 6, and 12 months after DBS, respec-
tively. There was a 91% improvement in the score from 
baseline (pre-operation) to 12 months after DBS (Figure 
2A). The patient’s scoliosis improved significantly within 
first 6 months after the surgery, with the Cobb angle 
decreasing from 45° preoperatively to 20° at the 12- 
month follow-up (Figure 2B). Only mild cervical and 
trunk dystonia persisted. At 12 months after DBS, the 
patient returned to a relatively normal life at home and at 
school, and was able to performed many physical activ-
ities, such as running, jumping, and cycling with the 
improvement of his scoliosis (Figure 2C). The rehabilita-
tion program was continued for twelve months to further 
improve posture and fine motor movements.

Discussion
We performed bilateral GPi-DBS in a 12-year-old boy with 
DYT6 (THAP1 mutation) presenting with severe scoliosis. 
There was a significant and lasting improvement of the 
DYT6 dystonia-related scoliosis at the 1-year follow-up, and 
the patient was able to return to a relatively normal family and 
school life.

This case demonstrates that early diagnosis of genetic 
dystonia in childhood or adolescence is essential as it may 
be treatable with the latest medical technology (ie, GPi-DBS) 
.8,9 The initial diagnostic workup of these patients is often 
challenging, and many are diagnosed at a late stage of disease 
if the dystonia is not correctly identified or if genetic testing 
tools are not readily available. In our case, the onset of severe, 
debilitating scoliosis had masked the earlier onset of hand 
clumsiness, which turned out to be an important clue for the 
diagnosis of dystonia.13 In fact, identifying dystonia sympto-
mology is the key first step to a correct diagnosis. A new 
diagnostic algorithm for dystonia in children and adolescents 
has been proposed that includes identifying dystonia, screen-
ing for medication/toxin-induced or acquired dystonia, bio-
chemical testing and levodopa trial, and next-generation 
sequencing.5 Investigating dystonia etiologies in this manner 
is useful for the early diagnosis of dystonia in adolescents, as 
was the case in our patient.

Scoliosis is a relatively common orthopedic condition in 
children and adolescents.6 A neuromuscular cause is rare but 
important to determine, as identification of dystonia may influ-
ence diagnosis and treatment decisions.4,7 In adolescent 
patients with dystonia, the scoliosis curve magnitude often 
increases rapidly with skeletal growth. Additionally, skeletally 
immature patients with curves >20° are high risk for 
progression.6 Our patient experienced scoliosis onset at the 
age of 10 years with a curvature >30°, indicating a high risk 
of rapid scoliosis progression. This further emphasizes the 
importance of diagnosing dystonia as early as possible in 
adolescent patients in order to prevent deformities and 
disabilities.13

Predictors of good outcome following GPi-DBS for gen-
eralized dystonia include primary (with a genetic cause such as 
DYT1 or DYT6 mutation) or mobile dystonia, short onset 
duration, and younger age when undergoing DBS.14,15 In our 
case, a genetic diagnosis was confirmed (DYT6 gene muta-
tion); moreover, the patient had mobile dystonia (no fixed 
dystonia noted during rest or sleep), a short interval between 
the onset of dystonia and DBS surgery (1–2 years), and 
younger age (12 years old), all of which predicted a positive 
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Figure 1 Bilateral GPi-DBS in an adolescent DYT6 dystonia patient. (A) Image-guided frameless stereotaxic surgery was performed to implant DBS leads into GPi in the 12- 
year-old boy under general anesthesia. (B) Axial, (C) coronal and (D) sagittal images of O-arm (left panel, arrowheads), and fusion images with pre-operative MRI (right 
panel, arrows) indicating the location of DBS electrodes in bilateral GPi. 
Abbreviations: GPi, globus pallidus internus; MRI, magnetic resonance imaging; DBS, deep brain stimulation.
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Figure 2 The clinical improvement of the DYT6 dystonia patient after effective bilateral pallidal stimulation. (A) The BFMDRS score changes at baseline and 3-, 6-, and 12- 
months after GPi-DBS. (B) Significant improvement in severe scoliosis of the patient and findings of spine x-rays pre-operatively and at 6-months after GPi-DBS. (C) Photos 
showing his daily physical activity nearly normal state after successful treatment of scoliosis and dystonia at 12 months after GPi-DBS.
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outcome after GPi-DBS. A previous case series showed that 
while improvement is to be expected after GPi-DBS for dys-
tonia, it is less robust and predictable for DYT6 than for 
DYT1.10 A possible reason for this is that DYT6 patients 
often exhibit prominent craniocervical or oropharyngeal dys-
tonia, which is less responsive to DBS targeting the GPi4,11 

than dystonia affecting the trunk and limbs.12 Other targets 
such as the ventral oralis anterior nucleus of the thalamus may 
be evaluated in the future treatment of DYT6 patients with 
craniocervical or oropharyngeal dystonia as the major present-
ing feature.16 In general, DBS is a safe and well-tolerated 
procedure for pediatric patients.

In adolescent patients with progressive and severe scolio-
sis, treatable neuromuscular causes should always be sought. 
Early identification of dystonia symptoms followed by 
a diagnostic algorithm that includes appropriate genetic screen-
ing can lead to correct diagnosis and early treatment. Our case 
provides a clear illustration of this concept. GPi-DBS is highly 
effective in the treatment of primary generalized dystonia, 
which was the case in our DYT6 patient. We suggest that GPi- 
DBS should always be considered in DYT6 patients with 
dystonia affecting either the trunk or limbs. DYT6 has rarely 
been reported in Asian countries; this rare dystonia case with 
uncommon presentation is a reminder to clinicians in the Asia- 
Pacific region to be aware of dystonia patients with treatable 
etiology.

In conclusion, DYT6 should be considered as an 
important etiology of generalized dystonia in adolescent 
patients; early diagnosis of this condition is important, as 
GPi-DBS is relatively safe and highly effective in prevent-
ing spinal deformity and disability.

Abbreviations
DBS, deep brain stimulation; DYT6, dystonia type 6; GPi, 
globus pallidus internus; MRI, magnetic resonance ima-
ging; THAP1, thanatos-associated domain-containing 
apoptosis-associated protein 1.
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