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Overview

• Motivation:   MtCS (Multichannel tCS/tES) 
• Using MtCS for more focal stimulation
• Using MtCS to target networks
• How to define targets
• Future
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Hive project
• Can we use non-invasive tech for brain-to-brain communication?
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MtCS- Desired Features (2008)

• Stimulate:
– Controlled - safe - multi-site stimulation (frequencies, intensities, phase 

relationships control)
– Independent control of each electrode
– Use EEG like electrodes (more focal)

• Measure:
– Dual use electrodes (Stimulation and EEG)
– Measure while stimulating

• Visualize and adapt:
– Simulate E-fields
– Provide EEG features online, visualization and feedback
– Provide data services

4
HIVE - EU FET OPEN Project (2008-2012)
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StarStim 8Ch system in a nutshell
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Mul$-‐channel,	  wireless	  and	  programmable	  tCS	  
• S#mulate	  using	  up	  to	  8	  electrodes	  
• Current-‐controlled	  tDCS,	  tACS,	  tRNS,	  Sham	  
• Allows	  flexible	  electrode	  placement	  based	  on	  the	  EEG	  10-‐10	  system	  
• Independent	  current	  control	  at	  each	  electrode	  
Dual	  use	  electrodes	  for	  s$mula$on	  and	  EEG	  monitoring	  
• S#mulate	  and	  record	  at	  the	  same	  site	  using	  the	  same	  electrodes	  
• Monitor	  EEG	  during	  tDCS	  –	  our	  s#mulator	  circuit	  is	  very	  quiet	  
A	  wireless	  wearable	  concept	  for	  fast	  and	  easy	  setup	  
• AMobile	  s#mula#on	  and	  recording	  away	  from	  the	  clinic	  or	  lab	  
• Quick	  setup	  
• 3D	  accelerometer	  	  +	  SD	  card	  
• USB	  rechargeable	  Li-‐Ion	  baRery	  
Intui$ve	  user	  applica$on	  
• User	  friendly	  protocol	  programming	  and	  sequencing	  
• Provide	  on-‐line	  visualiza#on	  of	  EEG	  features	  
• Simulate	  generated	  electric	  fields	  associated	  with	  tCS	  
• Cloud	  connected	  /	  home	  use	  
• Programma#c	  control	  with	  Matlab	  API

CE	  Medical

EEG 10-10 cap for precise 
positioning of elecrodes
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Implemented!
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Slide Title

7



NEUROELECTRICS

5-layer FEM / Poisson’s equation: electric fields
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Visualizing the E field
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Slide Title
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•λ points from tree to axon 
termination 

•First order effect from dot 
product of E and λ 

•Units of δΦ=E⋅λ are Volts
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Electric field: Excitatory Electric field: Inhibitory

First order model: “lamba-E” + coherent receptors + Hebb



Coherence emission/
reception (EEG/tCS)

Ramon y Cajal



To optimize …
• Specify your target areas and E field targets 

• Specify both what to affect and what to leave alone 

• Weight your statements: give a weight map 

• Spec: target map+weight map
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Motor cortex target
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Target on the right 
En component on left

MtCS much 
more precise
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Prefrontal target
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VMPFC

Work with N. Cardoner's group
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Neuroimage 2014
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Targeting a network: example

• Use a DBS target in depression therapy as a seed in rs-
fcMRI

• Use the resulting correlation map on the cortex as target
• For excitation of deep target, seek to excite positive 

correlated regions and inhibit negatively correlated ones 
(or viceversa)

• Statistical significance of correlation used for weighting
• This approach can be used with other imaging techniques. 
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Fox et al 2012
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Classical:

Modern:

Distributed target map (depression SG seed /8Ch)

Ruffini et al 2014
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Fox et al 2014
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Optimized solution: Stimweaver
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Using EEG for targeting

• Using EEG Cortical mapping to define targets for tCS (very 
consistent approach in terms of assumptions)

• E.g., for tACS: alpha band Eyes Closed EEG data: use EEG 
cortical activity to guide tACS locations +frequencies+ relative 
phases. Relative phases important!
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FEM based cortical map of eyes closed 
spontaneous EEG data (alpha).

Red: inward, blue: outward oriented dipoles



Merlet et al 2013

Connecting 
stimulation and EEG 
response: modeling 

can help to guide and 
interpret tCS 
experiments.
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Closed loop stimulation is here (MatNIC)

• It is now possible to stimulate and record EEG concurrently with tDCS, and w. limitations, tACS
• Explore sequential stim/record protocols using the MatNIC Matlab API to control Starstim 

remotely and programatically
• Adjust stimulation parameters based on collected EEG data: now possible
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Conclusions

• Models exist and represent the state of the art in our understanding what 
tCS produces physically. Explore them! They are not perfect but will be 
improved over time using the scientific method

• Targeted multielectrode montages offer the opportunity for more precise, 
meaningful stimulation: the technology is here

• Brain function is mediated by networks: let’s go after them!
• Target maps can be defined in various ways:

–Brodmann Areas or AAL; simple or multiple
–rs-fcMRI
–rs-fcEEG / ERPs / MEG
–PET
–…

• Technologies now offer the possibility of modeling/optimizing and - 
crucially - implementing advanced methods

• Approach is applicable to tACS and tRNS
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Thank you for your attention!

giulio.ruffini@neuroelectrics.com
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