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Stimulation techniques – invasive 
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TES (transcranial electric stimulation) i DCS (direct cortical stimulation) 

Stimulation techniques – invasive 

Intraoperative neurophysiologic 

techniques in neurosurgery 



DCS (direct cortical stimulation) 
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Stimulation techniques – invasive 

Intraoperative neurophysiologic 

techniques in neurosurgery 



 
 1. st. 

b.n.e. 
Galen i Scribonius 

Largus u Rimu 

 

Earliest stimulation 

"devices" were 

animals. Electric 

stingray and eel to 

treat headaches 

and other ailments. 

1791.  
Luigi Galvani 

 

The discovery of 

electricity - electric 

pulses drives the 

nervous system 

1804. 
Giovanni Aldini 

 

Experiments with electric 

"therapy" for the treatment of 

psychosis and melancholy, as 

well as "electrical 

resuscitation" 

1831.  
Michael Faraday 

 

The discovery of 

electromagnetic 

induction principle 

on  which are based 

all the 

neurophysiological 

effects of magnetic 

stimulation 

1850. 
Guillaume 

Duchenne de 

Boulogne 

 

First used an 

electric current for 

diagnostic and 

therapeutic 

purposes, 

"faradizing" - an 

early form of tDCS 

1874.  
Robert 

Bartholow  

 

The first 

recorded 

simulation of the 

human brain to 

the patient 

Short historical overview… 



1911. 
Magnusson i  

Stevens 

 

Coils to treat 

headaches 

1985. 
Anthony Barker, 

University of 

Sheffield, UK 

 

The first magnetic 

stimulation of the 

brain - the birth of 

modern transcranial 

magnetic stimulation 

(TMS) 

1910. 
Silvanus 

Philips 

Thompson  

 

AC replaced DC 

source. 

The device for 

inducing a 

magnetic 

phosphene.  

1980.  
Merton & Morton 

 

Demonstrated ability  of 

depolarization of 

neurons (MEP - Motor 

Evoked Potentials)  

with Transcranial DC 

current 

2016. - 
Moderni uređaj za 

transkranijalnu 

magnetsku 

stimulaciju 

 

1896.  
Arsene d’Arsonval 

 

The first noticed 

inducing magnet 

phosphene using 

magnetic fields 

Short historical overview… 













Motor evoked 

potantials recorded 

from hand muscle 

-  MEP - 









Transcranial magnetic stimulation (TMS) 

MEP 





RJ Ilmoniemi, J Ruohonen. Crit. Rev. Biomed. Eng., 1999 



SAFETY of TMS – Contraindications 

• Pacemakers and other electronic implants are 

contraindication to TMS 

• Patients with a history of epilectic seizures have higher 

risk of TMS-induced seizures 

• For complete list, consult the Operator’s guide 

 

• Physical force on metal objects within 20 cm of the coil 

• It is not possible to directly affect the human heart (limited 

discharge energy, distance, fast pulse rise time of the 

magnetic field waveform) 



CRITICAL IN NEUROSURGERY 

• Avoiding areas that are crucial 

   in everyday life 

– Motor areas 

– Sensory areas 

– Language areas 

 

• Getting results fast 

– Part of clinical workflow 

 

• Getting the same views prior to operation 

and during surgery 

 

 



Responses to TMS 

 

• Behavioral 

 

• EMG, electromyography 

 

• EEG, 

electroencephalography 



MEP – motor evoked potential 

20 ms 





MEP – motor evoked potential 



Standard in preoperative 

neurosurgical mapping of patients 

MEP – motor evoked potential 



 1973., left handed 

 

 

 AVM reg. frontalis lat. dex 

 location of AVM near precentral gyrus which controls the hand 

 fMRI + paradigme of contraction of the left hand to detect relation of AVM and 

primary motor cortex for hand representation 

Case report 







 the tract of the right corticospinal tract close to the edges of vascular malformation – medioposterior edge of the AVM 









Crocotyroid m 

Corticobulbar tract 
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fMRI 
 

Patient with Brachial plexus lesion: fMRI-guided and NBS-
targeted rTMS evoked phantom sensations and pain relief. 

TMS terapijski učinci 

(depresija, bol) 


