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Temporal Interference Stimulation for patients with apathy
By means of Non-invasive brain stimulation (NIBS) techniques it is possible to alleviate symptoms of neurological and psychiatric disorders (for review e.g., Schulz et al., 2013; George et al., 2022), offering a potential alternative or complementary approach to traditional rehabilitative therapies. Nonetheless, NIBS techniques such as TMS and tDCS so far could not target deeper brain structures of the brain due to a steep depth-focality trade-off (Deng et al., 2013; Nurmi et al., 2021). 
A novel technique for electrical stimulation of deep brain areas attempting to resolve this issue is transcranial temporal interference stimulation (tTIS) (Grossmann et al. 2017; Hummel & Wessel, 2024). It has been demonstrated in humans that the modulation of activity of the striatum lead to respective changes in behaviour following the application of tTIS (Wessel, Beanato et al. 2023; Vassiliadis et al., 2024). These findings open exciting novel opportunities for translational neuroscience as a novel innovative treatment strategy for neurological and psychiatric disorders where the striatum plays a key role in the pathophysiology of the disorder (e.g., apathy). 
Apathy is a multidimensional syndrome characterized by diminished motivation for engaging in physical, cognitive, emotional, and social activity (Costello et al., 2024), with a tremendous impact on quality of life, treatment adherence and symptom progression (Fan et al., 2021). Apathy has been reported to have a high prevalence in several neurological and psychiatric disorders such as Parkinson’s disease (49%), traumatic brain injury (61%), dementia (49-72%) or schizophrenia (47%) with currently no established treatment strategy of them (Husan & Roiser, 2018). Thus, there is a strong need for innovative neurotechnological interventional strategies to develop novelefficient treatments. 
Here, you have the opportunity and funding to design such an innovative treatment strategy for apathy.
Challenges on the road will be:  
· Developing a tTIS protocol for treating apathy in a specific clinical population.
· Identifying a suitable protocol that induces long-lasting effects with an impact on daily functioning.
· Increasing the personalization of the treatment, for example, by adapting electrode placement based on the individual brain (van Bueren et al., 2021).
· Assessing the potential impact of state dependency.
· Understanding the mechanistic effects of the treatment by combining technologies.
· Considering the widely distributed network involved in apathy, which includes the striatum, cingulate cortex, and frontal regions (Le Heron et al., 2019; Pessiglione et al., 2018; Ducharme et al., 2018).

In summary, the aim of this project is to develop a rehabilitation paradigm for patients with apathy, leveraging the non-invasiveness of tTIS and its potential for personalization. The challenges outlined above are intended to guide your study, but you are encouraged to develop your own strategy.
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