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ABSTRACT  

Studying electroencephalography (EEG) in response to transcranial magnetic stimulation (TMS) is gaining popularity 

for investigating the dynamics of complex neural architecture in the brain. For example, the primary motor cortex (M1) 

executes voluntary movements by complex connections with other associated subnetworks. To understand these 

connections better, we analyzed EEG signal response to TMS at left M1 from schizophrenia patients and healthy 

controls and in contrast with resting state EEG recording. After removing artifacts from EEG, we conducted 2D to 3D 

sLORETA conversion, a well-established source localization method, for estimating signal strength of 68 source dipoles 

or cortical regions inside the brain. Next, we studied dynamic connectivity by computing time-evolving spatial 

coherence of 2278 (=68*(68-1)/2) pairs of cortical regions, with sliding window technique of 200ms window size and 

20ms shift over 1sec long data. Pairs with consistent coherence (coherence>0.8 during 200+ sliding windows of patients 

and controls combined) were chosen for identifying stable networks. For example, we found that during the resting state, 

precuneus was steadily coherent with middle and superior temporal gyrus in the left hemisphere in both patient and 
controls. Their connectivity pattern over the sliding windows significantly differed between patients and controls (p-

value<0.05). Whereas for M1, the same was true for two other coherent pairs namely, superamarginal gyrus with lateral 

occipital gyrus in right hemisphere and medial orbitofrontal gyrus with fusiform in left hemisphere. The TMS-EEG 

dynamic connectivity results can help to differentiate patient and normal subjects and also help to better understand the 

brain architecture and mechanisms.   
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1. INTRODUCTION  

 

Survivors of combat experience, terrorist attacks, natural disasters, serious accidents, assault or abuse, or even sudden 

and major emotional losses can suffer from psychobiological mental disorder. Trauma, sensory gating deficits, high 

stimulus response and sensitivity are very common in such mental illnesses. An individual with sensory gating deficits 

lacks the physiological process of filtering out unnecessary sensory information. Sensory gating deficits in mental 

illnesses such as schizophrenia are extensively studied, which have also produced useful biomarkers that act as the 

baseline1,2. However, therapeutic techniques for treating such ailments are still unknown. Transcranial Magnetic 

Stimulation (TMS) as a potential treatment plan has recently gained a lot of popularity. However, it’s consequent effect 

to the cortical activity is still not clearly understood, which hinders its usage as an effective treatment and raises 

concerns for safety3. Efforts in this direction are better explored with electroencephalography (EEG).  

  

EEG is a non-invasive neuroimaging technique that offers high temporal resolution unlike any other neuroimaging 

technique4 thereby making it the best candidate for deriving causal relationship given that the trillions of neural synaptic 

connections inside our brain happen at the milliseconds scale. Analyzing EEG with source localization algorithm, a 3D 

inverse technique to predict source dipoles inside the brain for the given EEG data, improves spatial resolution 

information for further better analysis.  
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