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INTRODUCTION METHODS
• Excessive beta band (13-35 Hz) activity in the

subthalamic nucleus (STN) of the dopamine-depleted
basal ganglia is a hallmark of Parkinson’s disease.

• Evidence suggests cortical beta synchrony is not
elevated in the hypodopaminergic state but may
drive pathological basal ganglia activity [1].

• Results from previous studies addressing this paradox
with non-invasive cortical recordings have been
inconclusive [2].

• Using a fully invasive, within-patient approach, we
provide authoritative evidence on pathological brain
circuit communication in Parkinson’s disease.

• Electrocorticography (Fig. 1A) and subthalamic local field potential (Fig. 1B) signals were
recorded in 17 Parkinson’s disease patients at rest following withdrawal and administration
of dopaminergic medication.

• Further recordings were taken from a subset of 8 patients with deep brain stimulation,
without medication, from which stimulation artefacts were removed using period-based
rejection [3].

• Multivariate components of power were extracted using spatio-spectral decomposition [4],
and univariate periodic components of power were extracted using Gaussian-based
parameterisation [5].

• Undirected oscillatory connectivity was quantified with a multivariate form of the imaginary
part of coherency [6], and its directionality was quantified with multivariate time-reversed
Granger causality [7, 8].

• Cortico-subthalamic structural connectivity profiles were determined using hyperdirect
fibres of the holographic atlas [9], and whole-brain functional connectivity maps were
generated from a Parkinson’s disease fMRI group connectome [10].
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RESULTS

• Dopamine and stimulation suppressed STN low and high beta power, respectively (Fig. 2A-B).

• High beta (21-35 Hz) power was focal over sensorimotor regions (Fig. 3B) and suppressed with
dopamine (Fig. 3A), which was captured in periodic activity alone (Fig. 4A). Stimulation did not
significantly alter sensorimotor cortex power (Fig. 4B).

• Oscillatory beta connectivity was focal between motor cortex and sensorimotor STN (Fig. 5),
with medication and stimulation both reducing high beta connectivity (Fig. 6A, C).

• Motor cortex drove 5-40 Hz oscillatory connectivity with STN across medication and stimulation
states, with stimulation (Fig. 6D) but not medication (Fig. 6B) reducing high beta drive.

• Cortico-subthalamic hyperdirect pathway connectivity (Fig. 7A) correlated with the contributions
of cortex and STN to oscillatory high beta connectivity (coeff.=0.749, p < 0.0001).

• Cortex-basal ganglia indirect pathway nuclei functional connectivity correlated with the
contribution of cortex to oscillatory low beta connectivity (Fig. 7B; coeff.=0.007, p < 0.01).

DISCUSSION
• Sensorimotor cortex drives information flow in

cortico-subthalamic connectivity.

• Dopamine and stimulation diminish distinct
aspects of connectivity with unique spectral
profiles.

• There is a novel observation of a reduction in
cortical beta power with dopamine, in contrast
to earlier paradoxical results.

• These findings further support a role for
excessive cortico-subthalamic communication in
the origin of pathological beta synchrony in
Parkinson’s disease, and highlight the unique
effects of therapies on this communication.

Figure 1: Cortex and STN recording locations

Figure 7: Hyperdirect and indirect pathway connectivity

Figure 5: Cortico-subthalamic oscillatory
connectivity maps

Figure 3: Spatio-spectral
decomposition of cortical power

Figure 4: Sensorimotor cortex power

Figure 2: Subthalamic power

Figure 6: Cortico-subthalamic oscillatory connectivity spectra
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