
Deep brain stimulation of the internal globus pallidus ef-
fectively alleviates dystonia motor symptoms. Howe-
ver, delayed symptom control and a lack of therapeutic 

biomarkers and a single pallidal sweetspot region compli-
cates optimal programming. Postoperative management is 
complex, typically requiring multiple, lengthy follow-ups with 
an experienced physician – an important barrier to widespre-
ad adoption in medication-refractory dystonia patients.

Previously, we reconstructed an anatomical map of motor 
improvement probability across the pallidal region using indi-
vidual stimulation volumes and clinical outcomes in dystonia 
patients. We used this to develop an algorithm that tests in 
silico thousands of putative stimulation settings in de novo 
patients after reconstructing an individual, image-based ana-
tomical model of electrode positions, and suggests stimula-
tion parameters with the highest likelihood of optimal symp-
tom control. Interestingly, the C-SURF algorithm changed the 
active contact in 13 of 20 leads when compared to best clini-
cal programming. Long-term motor outcomes showed better 
symptom control with C-SURF programs compared with clini-
cal programming, with a dystonia symptom reduction of 74.9 
± 15.3% vs. 66.3 ± 16.3% measured in BFMDRS or TWSTRS 
(Wilcoxon signed-rank test: P < 0.012), with an effect size 
of 1.2 (Cohen‘s d). In the corresponding Bayesian statistical 
analysis, a Bayes factor (BF) of >22.1 indicated that the data 
were approximately 22 times more likely to occur under the 
assumption of better motor control with C-SURF (error per-
centage <0.0001%). A posterior distribution of δ 1.37 showed 
the effect size, with a central 95% credible interval (δ range 
0.276–2.913).

Despite the small cohort, the dystonia motor score improve-
ment suggests machine-based programming is superior to 
programming in best long-term clinical care. Improved sym-
ptom control was not offset by increased stimulation energy 
or changes in stimulation-related adverse effects. 

Our findings highlight the clinical potential of machine-based 
programming in dystonia, which could markedly reduce the 
programming burden in postoperative management. 
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