Evoked Resonant Neural Activity Supports Physiology-Guided Asleep Deep Brain Stimulation
Supplemental Figures
Supplemental Figure 1
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Supplemental Figure 1 | Evoked resonant neural activity (ERNA) under awake and general anesthesia (GA) with matched stimulation amplitudes (2 mA). (a) ERNA RMS amplitude (log scale) in STN and GPi elicited at a fixed stimulation amplitude of 2 mA. Under matched stimulation, RMS is reduced in GA-STN relative to awake-STN (**p < 0.01, unpaired t-test), while GPi shows no significant difference (n.s.). (b) ERNA peak-to-peak amplitude (log scale) shows a modest reduction in STN under GA (*p < 0.05, unpaired t-test) and no significant difference in GPi (n.s.). Violin and boxplots summarize distributions; points indicate individual hemispheres. (c–d) Time–frequency maps (TFM) averaged across hemispheres for STN (c) and GPi (d) from 2 mA DBS in awake and GA conditions. Dashed lines denote the early-cycle center frequency, demonstrating a consistent GA-associated downward shift (e.g., ~352 Hz awake to ~322 Hz GA) in both targets.
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Supplemental Figure 2 | Relationship between evoked resonant neural activity (ERNA) amplitude metrics under awake and general anesthesia (GA) conditions in STN and GPi. (a) Distribution of ERNA peak-to-peak (P2P) amplitudes across all hemispheres recorded in awake (blue) and general anesthesia (GA, orange) states for STN and GPi. Each data point represents one hemisphere; paired lines connect recordings from the same patient. Violin plots display the underlying amplitude distribution on a logarithmic scale. Group comparisons were performed using one-way unpaired t-test (***p < 0.001, n.s. = not significant). (b) Correlation between ERNA P2P and root-mean-square (RMS) amplitude measures for each nucleus and condition. Solid lines indicate least square linear fits. Insets depict amplitude scales for P2P and RMS measures. Both metrics were strongly correlated in STN and GPi under awake and GA conditions (all R² > 0.84, p < 0.0001).
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Supplemental Figure 3 | ERNA latency under awake and general anesthesia (GA) conditions. (a, c) Heatmaps of normalized ERNA waveforms from individual hemispheres, sorted by latency, in STN (a) and GPi (c) during awake (left) and GA (right) conditions. Each row represents one hemisphere; color scale indicates normalized amplitude. (b, d) Quantification of ERNA latency across states for STN (b) and GPi (d). In STN, latency was modestly but significantly prolonged under GA compared to awake (*p < 0.05, unpaired t-test). In GPi, no significant difference in latency was observed between conditions (n.s., p > 0.05).
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Supplemental Figure 4 | Spatial distribution of ERNA, beta, and HFO RMS across DBS electrode levels in STN and GPi. (a-c) Strongest and weakest location for (a) ERNA amplitude, (b) beta power, and (c) HFO power across electrode levels (Lv1–Lv4), indicated by red and blue colors respectively. Directional contacts (A, B and C) in levels 2 and 3 were combined into the same level. In STN, all biomarkers peaked at level 2, whereas in GPi, ERNA and HFO amplitudes were highest at level 2. Beta band activity, in contrast, peaked at level 1, followed closely by level 2. Lower signal amplitudes were commonly observed at level 4 in both STN and GPi across all biomarkers. ERNA was never maximum at level 4 in both targets, despite our protocol including stimulation at both levels 1 and 4, separately. 


Supplemental Figure 5
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Supplemental Figure 5 | Spatial distribution between local field potential biomarkers and clinically effective DBS contacts in asleep STN and GPi. (a, b) Spatial distribution of contacts with the strongest and weakest biomarker intensity for beta and HFO power under general anesthesia (GA) in STN and GPi. Red and blue points indicate the strongest and weakest contacts within each electrode, respectively, with point size scaled by biomarker intensity. Insets show ROC curves highlighting the optimal operating point for channel distance to the target and corresponding confusion matrices show the number of strongest and weakest contacts located inside versus outside the target volume, together with overall accuracy. (c, d) Biomarker amplitude at contacts associated with the best versus worst therapeutic benefit in STN and GPi, after averaging directional channels into levels and within-electrode Z-scoring. Across both beta and HFO under GA, signal amplitude was not significantly different between best and worst clinical contacts, indicating these biomarkers lose their accuracy when patients are under general anesthesia. 
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