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Methods

Signal processing

EEG data were bandpass filtered (fourth-order Butterworth IIR filter) from 1 to 50 Hz! and
resampled to 250 Hz to match the LFP sampling rate. The EEGLAB clean_rawdata function
was employed to identify flatline, noisy, or outlier EEG channels, with no channels requiring
removal. EEG data were then re-referenced to an average reference, and the Cz reference
channel was reconstructed using spherical spline interpolation. > Raw LFP data were extracted
from JSON files using the Percept Toolbox, provided by Thenaisie et al. 3, with automatised
correction for potential missing data points (available at

https://github.com/YohannThenaisie/PerceptToolbox.git). However, LFP data from one tic-

suppression block for patient 8 could not be extracted due to transmission problems. The
extracted LFP recordings were checked for electrocardiogram (ECG) contamination and, if
necessary (n = 1), cleaned of detected ECG artifacts through QRS interpolation using the

Perceive Toolbox* (available at https:/github.com/neuromodulation/perceive). Subsequently,

EEG and LFP signals were synchronised for each block/rest recording by manually aligning
them with reference to the induced DBS artifacts or termination of high-frequency DBS, if
visible in the signal, at the start of the recording. > The synchronisation error range was
determined by comparing the time difference between the synchronised EEG and LFP signals
at the time of the second DBS artifact at the end of the recording. Due to an error range of 260
ms and 1000 ms, one tic-freely block for patient 6, and another tic-suppression block for patient
8 had to be excluded from the analysis. For the remaining recordings, the mean error range was
7.29 £ 6.19 ms (SD) (range: 0 - 32 ms). Next, 5-second epochs were created around each tic
onset, containing a 0.5 second buffer at both ends to avoid edge effects after spectral
decomposition. Similarly, arbitrary non-overlapping 5-second non-movement epochs were

extracted from all recordings by manually selecting time periods during which no tics or other
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movements, including mouse movements, occurred, with a minimum 2-second interval from
any tic onset/offset. These non-movement epochs represent two distinct conditions: when
derived from the tic-freely condition, they reflect pure rest epochs, referred to as ‘rest epochs’,
whereas epochs from the tic-suppression condition represent a state of active tic suppression,
referred to as ‘suppression epochs’. For rest and suppression epochs, an automated artifact
rejection based on extreme values was applied, considering only the time window of interest
from -2 to 2 seconds around the arbitrary event °. Epochs were rejected if EEG channel
amplitudes reached a threshold of + 200 V. For tic epochs, each epoch was carefully manually
inspected for artifacts in the time window before tic onset. Due to limited numbers of trials,
patient 8 had to be excluded from the suppression analysis (n trials = 13) and patient 6 from
the tic-related analysis (n trials = 8). The final trial numbers for each condition, along with the
specification of which patient was included in which analysis, are provided in Table 2 of the
main manuscript. Moreover, an extended infomax independent component analysis (ICA) was
run on the segmented data. Independent components labelled as non-brain activity with at least
50% probability according to the IClabel algorithm® were subsequently removed after visual
inspection of the topographies of the first five components. This resulted in a total of 28.00 +
8.49 (SD) retained independent components. Next, for each channel, epoched time series were
decomposed from 2 to 40 Hz with a frequency resolution of 1 Hz (linear-spaced) using a second
order IIR peaking resonator digital filter with a bandwidth of 2 at a 3 dB level, followed by
Hilbert transformation. Subsequently, power and phase information were extracted for each
epoch from -2 to 2 seconds to cut off the edge effects. Power was normalised by dividing
through the mean power from 3 to 40 Hz and averaged in the theta (3-7 Hz), alpha (8-12 Hz),

and beta (13-30 Hz) frequency bands.



Phase synchronisation

To quantify the functional connectivity between LFP and EEG signals across time, we
calculated the phase synchronisation index (PSI) for each possible channel combination
between the left and right thalamus and each single EEG channel. Specifically, the phase
difference between signals was computed at all time points for each trial. The PSI over time
was then calculated as the vector length of these phase differences within each trial (from -2 to
2 seconds) and subsequently averaged across trials. This yielded an index ranging from 0 to 1,
with 0 indicating no synchronisation and 1 indicating perfect synchronisation. Similar to power,
the PSI was then averaged in the theta, alpha, and beta frequency bands. Importantly, for the
rest and suppression analysis, the PSI was calculated by computing the vector length of phase
differences across the entire duration of rest and suppression epochs. Additionally, to determine
the significance of phase synchronisation, the PSI of rest epochs solely derived from the tic-
freely condition was compared to surrogate phase-shuffled data. The surrogate data were
generated 10 times using the same approach as described above, but with the order of LFP trials
randomly shuffled, thereby destroying any phase synchronisation, and subsequently averaged.
" For the tic-related analysis, in order to investigate how cross region functional connectivity
changes over time, the PSI was calculated within a sliding time window of 0.3 seconds moving
in steps of 0.004 seconds (equal to one data point) from the start to end within each tic and rest

epoch (from -2 to 2 seconds), to preserve the temporal dynamics associated with tics.

Source Reconstruction
After preprocessing the EEG data, cortical source signals were reconstructed by solving the

inverse problem, using FreeSurfer (available at http://surfer.nmr.mgh.harvard.edu), Brainstorm

(available at http://neuroimage.usc.edu/brainstorm), and custom-written Matlab scripts. First,

a template MRI (FSAverage) was used to obtain a 3D cortical mesh harboring 15,000 vertices.
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¥ Subsequently, the Human Connectome Project (HCP) atlas was mapped to the cortical mesh,
and a downsampled parcellation consisting of 26 regions covering each hemisphere was
constructed. ° This process involved merging the 360 cortical areas from the HCP atlas into
broader regions, while maintaining fine resolution within regions of the "somatosensory and
motor cortex" and "paracentral lobular and mid cingulate cortex," which are particularly
relevant to TS based on existing literature. '%!° Following this, EEG-channels and the template
MRI were co-registered by matching individual digitised electrode positions with the surface
data from the template MRI. The 3D positions of each EEG sensor on the scalp surface were
digitised using an infrared dot-projection 3D scanner, specifically the Structure sensor Mark I1
(Occipital Inc., San Francisco, CA) integrated with an Apple iPad (8. Gen.). !¢ A realistic head
model was then constructed using the OpenMEEG toolbox. !> ¥ Finally, a linearly constrained
minimum variance beamformer (LCMV) !° was employed to compute the regional time series
data for the 52 cortical regions of interest from the epoched EEG data. In preparation for later
tic-related analysis, power extraction and PSI calculation were conducted for cortical sources

using the same methodology as for the EEG channels.
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Supplementary Figure 1: Effect of tic suppression. Boxplots showing the group-level
difference between tic-freely and tic-suppression conditions for (A) The number of tics; (B)
The PSI calculated over 4-second rest epochs derived from the tic-freely condition and tic-
suppression condition between the thalamus and Fz within the alpha frequency range (8-12
Hz); (C) Normalised thalamic LFP power averaged over 4-second rest epochs derived from the
tic-freely condition and tic-suppression condition within the alpha frequency range; (D)
Normalised Fz power averaged over 4-second rest epochs derived from the tic-freely condition
and tic-suppression condition within the alpha frequency range. Abbreviations: Free = Tic-

freely condition; Supp = Tic-suppression condition.
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