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Ischemic and hemorrhagic stroke and traumatic brain injury (TBI) are leading causes of death and disability. In particular, subarachnoid hemorrhage (SAH) is a rare but devastating form of stroke. These acute brain injuries impose a severe burden on patients and their families, and enormous costs to the society. To reduce this burden, it is urgent to improve post-injury treatments by discovering early mechanistic biomarkers which predict the progression of brain pathology and can guide targeted interventions. Spreading depolarization (SD) is characterized by near-complete collapse of the transmembrane ion gradients and water uptake (=cytotoxic edema), since more Na+ ions enter the neurons than K+ ions leave them. Using subdural electrocorticography (ECoG), SD is observed as a large negative direct current (DC) shift. Using two-photon microscopy, it is seen as abrupt swelling of neuronal somas and dendritic beading. The beaded morphology permits a larger volume to be encompassed within an equivalent surface area. In normal dendrites, water mobility is highly restricted by the cell membrane perpendicular to the main axis, whereas water molecules diffusing along the main axis of the dendrite encounter few barriers on the timescale of diffusion-weighted (DW) magnetic resonance imaging (MRI). Beading leads to reduced mobility of intracellular water along the main axis of each dendrite. Since DW-MRI visualizes this diffusion restriction, it is used for detecting strokes in the clinic. However, in contrast to MRI, which only shows a stroke when it has already occurred, continuous bed-side monitoring of SDs enables stroke detection in the moment it develops.
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