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The project’s vision…

….is to proposes an Epidural Brain Interface
(EBI) featuring a minimally invasive,
responsive neural stimulation system that
utilizes focused ultrasound (eFUS) multi-
brain region stimulation and high spatio-
temporal resolution electrical recording
(eREC) to innovate the way we treat TRD….
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Neuromodulation in Psychiatric Disorders
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DBS in Psychiatric Disorders

„Which target to stimulate?“

…..or is that even the
right question??
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Networks associated with Depression

Williams LM, Lancet Psychiatry 2016
Li et al., CNS Neurosci Ther. 2018

Yu et al., Frontiers in Psychiatry 2022
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DBS and Depression

Superolateral branch of
the medial forebrain

bundle (slMFB)
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The Medial Forebrain Bundle (MFB)…
Why has the MFB become a clinical DBS target for TRD?
Why could it be one for eFUS?

• bidirectional projections between midbrain and forebrain
• multiple transmitter systems including DA, NA, GLU, GABA, etc
• feeds into multiple networks („Positive affect“/„Reward“/„Default mode“/„Cognitive and Control“

• the mesolimbic and mesocortical component of the bundle are associated with:

motivation, exploration, drive-to-survive
reward anticipation, reward orientated behavior
„wanting“ vs „liking“

• anhedonia and reduced motivation are key clinical symptoms + others



This project has received funding the Europe European Union’s Horizon Europe EIC-

PATHFINDER progamme under grant agreement No. 101070931

Funded by the 

European Union

European 

Innovation 

Council

Clinical and preclinical MFB-DBS

Fast onset and chronic improvement 
in the majority of patients
Schlaepfer et al, Biol.Psych. 2013

On-going long-term follow-
up, new cohorts and analysis
(Bewernick et al., Bra. Stim. 
2017; Kilian et al., Biol. Psych. 
2019)

Replication by other investigators
(Fenoy et al, Jour. Aff. Dis., 2016; 
Transl.Psych. 2018)

Since 2013 Since 2015

Volker Coenen Thomas Schläpfer
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FUS induced bioeffects in the CNS
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FUS induced neuromodulation
• UPSIDE is interested in low intensity stimulation that has neuromodulatory consequences
• typical parameters from the literature suggests that neuromodulation can be achieved at:

200-500 kHz
300-500 ms bursts of 0.5ms pulses
1 kHz pulse repetition frequency (PRF)
0.1 – 0.6 MPa pressure amplitude

• these parameters have shown to modulate Na+, K+, Ca2+ transients, actions potentials, and
synaptic transmission via altering channel activity

• membrane deformation causing capacitance changes
• intramembrane cavitation model
• mechanosensitive ion channel modulation
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The experimental objectives…
• … the in vivo acute and chronic investigation of the eFUS/eREC

chip in a preclinical rodent model of depression ….. 
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Advantages of eFUS (in theory)….

1. Between being fully invasive and non-invasive 
2. Permits acute and chronic stimulation
3. Steerability of beam:
• possibility of adjustment on will
• could be achieved with patient specific 3D brain atlas
4. Stimulation of multiple targets…simultaneously or sequentially
5. Would permit the integration of closed-loop control
6. …..
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