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            Abstract
Despite its clinical relevance, direct electrical stimulation (DES) of the human brain is surprisingly poorly understood. Although we understand several aspects of electrical stimulation at the cellular level, surface DES evokes a complex summation effect in a large volume of brain tissue, and the effect is difficult to predict as it depends on many local and remote physiological and morphological factors. The complex stimulation effects are reflected in the heterogeneity of behavioural effects that are induced by DES, which range from evocation to inhibition of responses — sometimes even when DES is applied at the same cortical site. Thus, it is a misconception that DES — in contrast to other neuroscience techniques — allows us to draw unequivocal conclusions about the role of stimulated brain areas.
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                    Figure 1: Optical intrinsic imaging signals during application of DES.[image: ]


Figure 2: Diverse behavioural effects of DES in humans.[image: ]
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Glossary
	Afterdischarges
	
                  Neural discharges after termination of stimulation.

                
	Alexia
	
                  An acquired disorder of reading.

                
	Amplitude threshold
	
                  The voltage amplitude with which the stimulation pulse is applied.

                
	Anomia
	
                  Impaired recall of words, and naming errors.

                
	Antidromic
	
                  Conduction that is in the opposite direction to normal — that is, along the axon towards the soma of the neuron.

                
	BOLD signal
	
                  (Blood oxygen level-dependent signal). A measure of haemodynamic response based on changes in blood flow that are assumed to be related to neural activity in the brain.

                
	Chronaxie
	
                  The chronaxie time is the minimum length of time that is required to excite a neural element using half the intensity that elicits a threshold response.

                
	Electrocorticography
	
                  (ECoG). Recording of electrical activity from the cerebral cortex using electrodes placed directly on the exposed surface of the brain.

                
	Inhibitory surround
	
                  An inhibitory area of neurons around the excited area. The inhibitory surround accentuates the excited area and thereby enhances the contrast and sharpens discrimination.

                
	Intra-train facilitation
	
                  An increase in postsynaptic potential that is evoked by a series of pulses within a distinct time window.

                
	Optical imaging
	
                  Illumination of neuronal tissue with visible or near-infrared light; as changes in neural activity alter the light scattering and the absorption properties of brain tissue, the signals can be acquired with a digital video camera, with or without including (voltage-sensitive) dyes or contrast-enhancing agents.

                
	Orthodromic
	
                  Conduction along the axon in the normal direction — that is, away from the soma and towards the axon terminal.

                
	Paresthesia
	
                  Sensation of the skin, such as numbness, tingling or pricking.

                
	Phosphene
	
                  A phenomenon in which a person experiences seeing light without light actually entering the eye.

                
	Rheobase
	
                  The minimal current that is necessary to stimulate a neural element with a long stimulus duration is called the rheobase.

                
	Semantic paraphasias
	
                  Conditions in which a word is substituted with a word that is semantically related to the intended one by an aphasic individual.

                
	Transcranial magnetic stimulation
	
                  (TMS). A non-invasive method for inducing weak electric currents in the brain, thereby causing depolarization or hyperpolarization in neurons below the skull surface where the pulse is given.
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