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tients, brain-computer interface (BCI) research aims to

improve the precision of therapeutic stimulation. Re-
cordings from the brain and body with millisecond resolution
could enable automated closed-loop stimulation for a range of
neurological and psychiatric disorders. However, translating
this concept into clinical practice remains challenging.

To tailor neurotherapies to the needs of individual pa-

We developed py_neuromodulation as a platform for imple-
menting machine-learning-based brain signal decoding algo-
rithms. In our recent work, we used the platform to explore
real-time-compatible therapeutic BCl methods based on intra-
cranial brain signals across different cohorts and clinical con-
ditions. A central aim was to leverage the human connectome
as an important source of information that has so far remai-
ned largely unused in BCl and brain signal decoding. By linking
intracranial signals to functional and structural brain connec-
tivity, we use connectome-informed decoding for brain circuit
discovery and for improving generalization across patients.

First, we developed generalized movement decoders that can
identify rest and upper-limb movement from ECoG signals
across independent Parkinson'’s disease and epilepsy cohorts.
These decoders are directly relevant for adaptive deep brain
stimulation, where stimulation could be adjusted according
to the patient’s current motor state. Importantly, we demon-
strated prospective performance in a newly recruited patient,
showing that movement-responsive stimulation can work out
of the box without patient-specific model training. This high-
lights a concrete translational opportunity for implementing
scalable, real-time decoding algorithms in future adaptive
DBS systems.

Second, we extended this approach to neuropsychiatric appli-
cations. In patients with depression, decoding performance
correlated with clinical improvement after chronic stimulation,
suggesting potential relevance for personalized psychiatric
neuromodulation.

Third, we applied py_neuromodulation to responsive neurosti-
mulation in epilepsy. By systematically optimizing features in
a simulation of the seizure detection algorithm, we substan-

tially improved detector performance and reduced false-po-
sitive classifications.

Together, these findings show that py_neuromodulation can
support both the optimization of existing embedded brain-im-
plant algorithms and the discovery of improved feature sets
and machine-learning methods for closed-loop neuromodula-
tion. The platform therefore provides a practical framework
for advancing therapeutic BCI approaches across epilepsy,
movement disorders, psychiatric disorders, and other brain
conditions. |
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