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Dear Editor,
Dystonic tremor (DT) is a phenomenological feature of dystonia which may occur in the body part affected by dystonia. Its management relies on oral medications, botulinum neurotoxin and deep brain stimulation (DBS).
To date, the most effective target to treat both dystonia and tremor in case of DT is still matter of debate.  On the one hand, several experiences reported that Globus Pallidus Internus (GPi)-DBS did not ameliorate tremor to the same extent as dystonia[1–4]. In a case series the tremor reduction was 39.8% for GPi-DBS implanted patients compared to 84.7% in case of Ventralis Intermedius nucleus (VIM)-DBS[3], results confirmed by Tsuboi et al[1]. On the other hand, VIM-stimulation may induce dystonia[5]. Therefore, VIM is preferred when tremor is the most prominent feature compared to dystonia, but its efficacy in DT patients has been proved so far only at short-term[3,4] and the effect on dystonia are extremely variable[1,4]. So, the aforementioned evidence drove some authors to propose a combined VIM/GPi-DBS approach[1,3,4].

Few reports support Ventralis Oralis Anterior - Ventralis Oralis Posterior thalamic nuclei (VoA-VoP) complex as a potential target for functional surgery (see supplementary table 1). 
Herein, we report the clinical outcome of three Ventralis Oralis Anterior thalamic nucleus (VoA) DBS implanted tremor-dominant dystonic patients, in whom correlation with volume of tissue activated (VTA) has been performed.  Demographic characteristics, patient selection criteria, surgical procedure and neuroimaging processing are described in supporting information.

Case 1. A 17-year-old boy affected by post-traumatic left sided hemi-dystonia with disabling left upper and lower limbs action tremor was implanted in the right VoA (Medtronic 3389 electrode with Activa RC). At six and 24-month follow-up, his tremor showed a moderate reduction, whereas dystonia improved in craniocervical segment only. His Fahn Tolosa Marin Tremor Rating Scale (FTMRS) score dropped from 18/144 to 11/144 and Burke-Fahn-Marsden Dystonia Motor score (BFMRS-M) from 33,5/120 to 28/120. Post-operative neuroimaging processing showed that the lead was slightly anterior and lateral to the right VoA.  The VTA produced by conventional ring-mode stimulation encompassed the anterolateral portion of VoA, and only marginally VoP, Zona Incerta (Zi) and Forel’s fields (Figure 1).

Case 2. A 63-year-old woman underwent bilateral VoA-DBS implant (Abbott directional DBS electrodes 6172 Infinity) because of medication resistant idiopathic cervical dystonia (retrocollis, left laterocollis and severe anterior-to-posterior head dystonic tremor). She experienced an early significant reduction of tremor and at 6- and 24-month follow-up tremor was further remarkably reduced, while cervical dystonic posture showed a moderate improvement (FTMRS at baseline 44/144 and at 24-months 4/144; BFMRS-M baseline 8/120 and 24-months 4/120).  At 3D-rendering, left and right leads crossed the whole VoA, while the VTA seems to spread to the Zi, particularly on the left side (Figure 1).

Case 3. A 59-year-old man presented with right hand idiopathic upper limb dystonia and asymmetric (right>left) bilateral postural and action upper limb tremor. At baseline BFMRS-M was 4/120 and FTMRS 41/144. A directional DBS system (Boston Scientific Gevia) was implanted bilaterally. During the surgical procedure the patient experienced a nearly complete resolution of the upper limb tremor, which was maintained in long-term follow-up (12-month FTMRS: 15/144). Also, focal dystonia improved significantly (12-month BFMRS-M: 1/120). On neuroimaging, the trajectory of the electrodes was slightly posterior and medial to the VoA bilaterally with no involvement of other surrounding nuclei. 
Video related to this article can be found in supplementary materials.

For the first time, in this series, considering the distinct phenotype of DT, the most anterior portion of the VoA-VoP complex, namely the VoA, was specifically targeted, as shown by the analysis of the VTA. VoA was preferred to GPi since tremor was the most prominent and disabling symptom, while it was chosen instead of VIM because of simultaneous dystonic features. Moreover, this target may overcome the doubles surgical risk of the suggested combined VIM/GPi implant, but it may offer the advantages of both these targets[1,3,4]. Indeed, VoA represents a crucial crossroad between the pallidothalamic and cerebellothalamic afferents[6]: ansa lenticularis connects the lateral part of GPi to the centromedian nucleus, ventral anterior nucleus and VIM, while the lenticular fasciculus, the superior segment of the medial part of the GPi to VoA and Ventralis Lateral thalamic nucleus[7]. The possible partial engagement of Zi was also a co-factor contributing in tremor improvement as previously reported[7]. 
Remarkably, even though the limited (up to 2 years) and variable follow-up, no significant adverse events related to implant or stimulation induced dystonia, neither habituation and/or re-emergence of tremor were documented compared to some VIM-DBS case series[8]. Indeed, the more anterior surgical approach of thalamic nuclei, avoiding a direct stimulation of the cerebello-thalamic tract[8], and the possible involvement of Zi could explain the absence of these long-term thalamic nuclei stimulation setbacks[7]. The reason for case 1’s smaller improvement may be twofold: (1) the lesion aetiology of dystonia and (2) a conventional stimulation paradigm with VTA not perfectly focused on the VoA.  The advantages of VoA-DBS were more pronounced in case 2 and 3, as they benefited from novel DBS technology, namely directional leads and/or multiple independent current stimulation. In conclusion, we suggest VoA as the target of choice for dystonic tremor, especially when tremor is the most disabling feature.
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Figure 1 - Leads and VTAs in 3D rendering (left column) and post-operative (right column) CT in case 1 (superior row), post-operative T2 MRI for case 2 (middle row) and case 3 (inferior row). VTA was estimated according to the most effective and stable stimulation program at 6-month follow-up. VTA: red. VoA: green. VoP: purple. VIM: light blue. Forel’s Field: blu. Zona Incerta: yellow. STN: orange.
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Video 1: Case 2. Segment 1 shows head dystonic tremor during preoperative evaluation, while segment 2 the clinical improvement few days after surgery and at 6-month follow-up.
Video 2: Case 3. Segment 1 shows bilateral asymmetric upper limb tremor more prominent on the right at preoperative evaluation, whereas segment 2 the benefit at intraoperative macrostimulation trial.
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