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I will discuss theoretical advances in brain implants for depression, focusing specifically on how 

understanding the interaction between neuronal spiking and the brain’s electric fields can yield 

putative biomarkers [1]. I will argue that these insights are particularly relevant for the development 

of next-generation AI-guided brain implants [2], in which machine-learning models do not simply 

decode spikes but learn from higher-order electrical dynamics of neural tissue. These  dynamics, 

implemented by Electric Fields (EFs), operate one level above neuronal spiking: while they emerge 

from spiking, they turn around and constrain  spiking by providing more stable and efficient 

representations of neuronal information [3]. This reciprocal top-down influence, known as ephaptic 

coupling [4], can account for representational drift [5]—where individual neurons change over time 

but the electric field patterns remain similar when the same cues are represented—as well as for 

intertrial variability [6]. 

I will present analyses that quantify these effects and explain how electric fields could be harnessed 

to develop more efficient brain implants. I will suggest that AI systems designed for brain–machine 

interfaces could exploit this stability in electric fields rather than relying solely on single-neuron 

activity. Finally, I will discuss a broader hypothesis that extends these findings to other brain 

structures, known as “cytoelectric coupling.” This hypothesis suggests that electrical activity arising 

from other components of the cytoskeleton—at multiple spatial scales, including microtubules and 

proteins—interacts with neuronal electric fields; the resulting aggregate fields then exert causal 

influence back onto the cytoskeleton at the molecular level, promoting stability and enhancing 

information-processing efficiency [7]. I will propose that future AI models for neural interfaces may 

need to incorporate this multi-scale electrical architecture, moving beyond neuron-centric approaches 

toward a more holistic, field-based view of brain computation.  
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