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INTRODUCTION

e optimal target for the stereotactic neurosurgical treatment of dystonic tremors has not 
yet been established. Deep brain stimulation (DBS) of the ventral intermediate nucleus (Vim) 
is the preferred surgical treatment for dystonic tremors.[13,10] However, Vim-DBS is sometimes 
insufficient to improve dystonia symptoms. While globus pallidus internus (GPi)-DBS can 
also be used to treat dystonic tremors,[13] it provides insufficient control of tremor symptoms. 
Recent studies have reported the efficacy of combined Vim and GPi DBS for treating dystonic 
tremors.[10,12] e thalamic Vim nucleus and GPi are far apart and cannot be captured using a 
single electrode. erefore, the implantation of one DBS electrode each for the GPi and Vim is 
required. We previously reported that RF ablation of the pallidothalamic tract (PTT), consisting 
of the output fibers of the GPi, can improve dystonia similarly to RF ablation of the GPi 
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(pallidotomy).[6,8] We describe our experience with a patient 
with dystonic head and upper and lower extremities tremors 
who showed symptomatic improvement after RF ablation 
using a parietal lobe approach with a single trajectory to 
capture the PTT and Vim. In dystonic tremors involving 
abnormalities of the basal ganglia-thalamo-cortical and 
cerebello-thalamo-cortical circuits, a single electrode can 
be used to approach both circuits through the parietal lobe 
approach.

CASE REPORT

A 46-year-old man developed head tremors at 41 and a right-
sided neck tilt three years later. Five years after the onset of 
the head tremors, tightness of the larynx during speech and 
tremors in both the upper and lower limbs also appeared. 
Because the symptoms were refractory to oral medications, 
the patient was referred to our department for surgical 
treatment. He had no history of head trauma, treatment 
for psychiatric disorders, or a family history of movement 
disorders. Magnetic resonance imaging (MRI) of the head 
revealed no apparent structural abnormalities. e patient’s 
symptoms included right lateral flexion and forward neck 
bending, horizontal head tremors, and tremors in both the 
upper and lower extremities [Video 1]. Dystonic tremors 
were diagnosed based on the presence of the tremor and 
dystonia symptoms in the cervical region. e Toronto 
Western Spasmodic Torticollis Rating Scale (TWSTRS) 
score was 24, and the Fahn-Tolosa-Marin tremor rating scale 
(FTM) score was 48. We suggested DBS; however, the patient 
refused to receive an implanted instrument. Due to his strong 
desire to improve the tremor in the right upper extremity and 
improve cervical symptoms, we decided to treat him with RF 
thermocoagulation of the thalamic Vim nucleus and PTT.

BrainLab elements were used for the surgical planning. e 
targets were the left PTT for cervical dystonia due to the 
right-sided neck flexion and the left Vim nucleus for the right 
upper extremity tremor. e electrode tip for the left PTT 
was set at 8 mm lateral, 0.5 mm posterior, and 3 mm inferior 
to the midpoint of the anterior commissure-posterior 
commissure. We captured the PTT and Vim along a single 
trajectory by locating the entry point in the inferior parietal 
lobule [Figures 1 and 2]. T1/T2-weighted thin-slice MRI was 
performed using a Leksell G frame for surgical planning. 
A  Leksell neurogenerator (Elekta, Stockholm, Sweden) and 
monopolar RF probe (1.0-mm-diameter tip with a 4.0-
mm uninsulated length) were used for stimulation and 
coagulation. Surgery was performed under local anesthesia 
in the semi-sitting position without microelectrode recording 
or impedance monitoring. e bottom of the Vim nucleus 
was located 9 mm above the target PTT along the trajectory. 
e coordinate of the Vim nucleus was 15 mm lateral, 6 mm 
anterior, and 2  mm superior to the posterior commissure. 

Macrostimulation was performed on the bottom of the Vim. 
A1.5 mA/100 µs/133 Hz stimulation caused numbness in the 
right side of the patient’s mouth. When the electrode was 
moved 1 mm deeper, stimulation was performed again, with 
no symptoms of numbness. As the tremor symptom of the 
right upper extremity was alleviated, thermal coagulation 
was performed at this site at 70°C for 30 s. e tremor in the 
right upper extremity disappeared [Video 2]. e electrode 
was advanced to the PTT target, and macrostimulation 
was performed with no apparent adverse events. ermal 
coagulation was performed at the PTT at 70°for 40 s. No 
evident complications were observed.

Postoperative MRI revealed lesions in the PTT and Vim 
nuclei, as per the preoperative surgical plan [Figure  3]. 
While the cervical dystonia improved, symptoms during 
vocalization and tremors in the right lower extremity did not. 
One week after treatment, the TWSTRS and FTM scale scores 
were 9  (62.5%) and 30  (37.5%), respectively [Video 3]. No 

Video 1: Preoperative condition.

Figure 1: Planned trajectory for the pallidothalamic 
tract (PTT) and ventral intermediate nucleus (Vim) 
in Brainlab Elements. e tip of the electrode is set 
to the left PTT. e bottom of the Vim is positioned 
9 mm above the electrode tip.
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adverse events were observed. Evaluation at six months after 
surgery showed no significant change from the condition at 
one week.

DISCUSSION

We applied the parietal approach to capture the PTT and Vim 
in a single trajectory, and RF thermocoagulation of the PTT 
and Vim improved cervical dystonia and tremor in the right 
upper extremity in this case. Using a single trajectory for 
the basal ganglia-thalamo-cortical and cerebello-thalamo-

cortical circuits is a meaningful approach for treating 
dystonic tremors.

Studies examining functional connectivity using resting-
state functional MRI reported a wider range of functional 
connectivity abnormalities for dystonic tremors compared 
to essential tremors.[3,14] A study examining structural and 
functional connectivity based on the stimulus-effective site 
of DBS in essential and dystonic tremors also reported that 
essential tremors were primarily associated with functional 
abnormalities of the cerebello-thalamo-cortical circuit, 
whereas dystonic tremors were primarily associated with 
functional abnormalities of both cerebello-thalamo-cortical 
and basal ganglia-thalamo-cortical circuits.[14] Based on this 
background, treating dystonic tremors with simultaneous 
neuromodulation of the cerebello-thalamo-cortical and basal 
ganglia-thalamo-cortical circuits is theoretically acceptable. 
Trompette et al. recently reported the results of bilateral 
combined Vim-  and GPi-DBS in three cases of dystonic 
tremor.[12] In these three cases, three stimulation settings-
Vim-DBS only, GPi-DBS only, and Vim/GPi-DBS-were 
evaluated using the Burke-Fahn-Marsden Dystonia Rating 
Scale (BFMDRS) and FTM and compared to the off condition.
[12] e mean total FTM decreases were 34%, 42%, and 63% 
for the VIM-only, GPi-only, and combined VIM-GPi-DBS 
groups, respectively. e mean total BFMDRS decreases were 

Figure 2: Entry point of the electrode on the brain surface. Black 
arrow: Electrode (yellow) entry point on the brain surface. White 
arrow: Post-central sulcus. White arrowhead: Intra-parietal sulcus. 
e electrode entry point is at the inferior parietal lobule (IPL). 
M1: Primary motor cortex; S1: Primary somatosensory cortex; SPL: 
Superior parietal lobule.

Figure  3: Postoperative T1-weighted MRI at the PTT and Vim 
nucleus level. (a) Lesion of the left PTT located medial to the STN 
and anterior to the RN. (b) Lesion of the left Vim nucleus located 
within the Vim nucleus, as simulated by anatomical mapping of 
the BrainLab elements. PTT: Pallidothalamic tract, MRI: Magnetic 
resonance imaging, Cau: Caudate nucleus, Put: putamen, IC: 
Internal capsule, RN: Red nucleus, STN: Subthalamic nucleus, Vim: 
Ventral intermediate, VPL: Ventroposterolateral nucleus, VPM: 
Ventroposteromedial nucleus, ZI: Zona incerta.

ba

Video 2: Intraoperative condition.

Video 3: One-week postoperative condition.
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34%, 37%, and 60% for VIM-only, GPi-only, and combined 
VIM-GPi-DBS, respectively, compared with the Off condition.
[12] Paoli et al. also performed the same combined Vim + 
GPi DBS for tremors with dystonia. ey reported a mean 
improvement of 77.1% in the BFM motor subscore in seven 
patients at the 2-year follow-up, with significant improvement 
in tremor symptoms in all but one patient.[10]

Attempts to capture two different circuits with a single 
electrode have been reported. Buhmann et al. performed 
DBS in three patients with dystonic head tremors.[1] e 
authors placed the proximal contacts of the electrodes into 
the inferior base of the ventrolateral (VL) thalamic nuclei, 
including the ventro-oral (Vo) nucleus, which receives the 
PTT and the Vim nucleus, and the distal contacts into the 
posterior subthalamic area (PSA) nucleus, which receives the 
cerebello-thalamic tract.[1] e optimal stimulation was left 
PSA and right thalamic VL nucleus stimulation, bilateral VL 
stimulation, and bilateral PSA stimulation in three patients, 
with an average 72% improvement in TWSTRS and 63.2% 
in FTM.[1] Stimulation at the inferior base of the VL nucleus 
may have stimulated the Vo nucleus, the anterior component 
of the VL nucleus, and the Vim nucleus, the posterior 
component of the VL nucleus.

We previously reported the application of Vo-Vim DBS for 
head tremors by implanting a DBS with a steep angle, in 
which head tremors disappeared with stimulation of the Vop-
Vim border.[15] Stimulation of this site may have stimulated 
both the pallidothalamic and cerebellothalamic tracts. We 
found that for cervical dystonia, unilateral PTT resulted 
in a 46.4% improvement in TWSTRS, whereas unilateral 
pallidotomy resulted in a 47.9% improvement.[6,8] is 
suggests that the improvement in cervical dystonia symptoms 
was comparable between PTT and GPi. While cerebral 
infarction (4.3%), cerebral hemorrhage (7.2%), Parkinsonism 
(4.3%), hemiparesis (2.9%), and visual disturbance (1.4%) 
were confirmed in 69 patients with dystonia after unilateral 
pallidotomy, reduced hand dexterity (20%), cerebral 
hemorrhage (2.9%), hypophonia (14.3%), dysarthria 
(11.4%), and executive dysfunction (2.9%) were confirmed 
in 35 patients with dystonia after unilateral pallidothalamic 
tractotomy. Dysarthria and dysphonia after lesioning surgery 
can be expected to improve over time. e impact of these 
complications on daily life is limited. On the other hand, 
visual field impairment and hemiplegia due to cerebral 
infarction have a greater impact on daily life, and the 
complications associated with pallidotomy are considered 
more serious.[7,8] Because the PTT is anterior to the red 
nucleus and medial to the subthalamic nucleus (STN), it can 
be captured along the same trajectory as the thalamic vim 
nucleus when using a parietal lobe approach.

Coenen et al. conducted an earlier conceptual study of the 
parietal approach.[2] ey studied the stimulation of the STN 

and cerebello-thalamic tract from the parietal lobe of two 
patients with Parkinson’s disease and tremors.[2] Additional 
stimulation of the cerebello-thalamic tract more effectively 
improved tremors than stimulation of the STN alone.[2] e 
STN is also a target of the basal ganglia-thalamo-cortical 
circuit.[2] Coenen et al. revealed that a single DBS electrode 
simultaneously stimulated two circuits.[2] In the present case, 
coagulation was performed because the patient refused DBS; 
however, it is theoretically possible to simultaneously stimulate 
PTT and Vim in treating dystonic tremors by applying an 
eight-contact DBS electrode in the parietal approach.

Multiple target lesions have been reported for the treatment 
of dystonia. Hassler et al. performed unilateral Forel H1, Voi, 
and Voa lesioning for cervical dystonia.[9] is method is 
the same as ours for simultaneous PTT and Vim lesioning. 
Hassler et al. observed motor neglect and hemiplegia in 16% 
and 2.3% of patients, respectively.[5] Loher et al. examined 
the zona incerta and Vo lesions in 111 patients with cervical 
dystonia, in which 16% and 15% of patients showed 
hemiplegia and dysarthria, respectively.[9] Savas et al. recently 
reported the results of RF ablation of the unilateral Forel 
H field and motor thalamus in 50  patients with dystonia, 
including 18 with dystonia tremors.[11] e authors’ motor 
thalamus was 3–4  mm posterior, 12–13  mm lateral, and 
1 mm superior to the midpoint of the anterior commissure-
posterior commissure,[11] suggesting a posterior part of the 
Vo to the anterior part of the Vim region. us, the target 
of Savas et al. was nearly the same as that in our case. ey 
lesioned the Forel H field using a side-outlet electrode and the 
motor thalamus using a straight electrode. e BFMDRS in 
patients with dystonic tremors showed a 65.6% improvement, 
and the evaluation of tremors using the unified parkinson’s 
disease rating scale (UPDRS) tremor score showed an 
83.3% improvement.[11] Transient slight hemiparesis on the 
contralateral side of the surgery was observed in 16% of the 
patients, which spontaneously resolved in the subsequent 
weeks.[11] However, the safety of lesioning multiple targets 
has not been established. As both the pallidal and cerebellar 
circuits are involved in motor function, excessive lesioning 
may result in severe hypotonia. Since Hassler et al. reported 
hemiparesis,[4] bilateral combined lesioning may lead to 
serious complications. us, the dual-target approach 
appears to be optimal for DBS. In addition, the long-term 
effect of this surgery on dystonic tremors is unknown due to 
the short follow-up period.

CONCLUSION

e present case suggests that in dystonic tremors involving 
abnormatilites of the basal ganglia-thalamo-cortical and 
cerebello-thalamo-cortical circuits, a single electrode can be used 
to approach both circuits through the parietal lobe approach.
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