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PATHOPHYSIOLOGY OF ACUTE ENCEPHALOPATHY: COMMON MECHANISMS AND FINAL PATHWAYS

The common final pathway explaining the acute change in global cognition in both coma and delirium involves altered neurotransmission with excitatory/inhibitory imbalance leading to ultimately leading to distintegration or dysfacilitation, that is the disruption of whole-brain dynamics within thalamo-cortico-striatal loops with subsequent reduced functional connectivity between key anatomical regions and neural networks subserving attention and consciousness (1-9). These are notably the basal forebrain, central thalamus and frontal parietal neocortical areas, the so-called meso-circuit (10-12), which is under the dependence of the dorsal brainstem arousal network (13-15). There is also accumulating evidence for an important role of the autonomic nervous system and its modulation by the limbic system (16).
Aside from direct diffuse or focal lesions to key anatomical structures and consciousness networks, several other precipitating factors can, in isolation or in combination, lead to the disruption of neural networks and neurotransmission. A precise description of all potential mechanisms falls beyond the scope of this review, but we will briefly mention some of them. Neuroinflammation is one of the proposed pathway implicated in AE (17). Systemic inflammation, whether due to an infection or to non-infectious conditions such as trauma or surgery, can lead to neuroinflammation through a humoral pathway (direct trafficking of peripheral cytokines to the brain neuroendocrine and autonomic centers through circumventricular organs and disrupted blood-brain barrier) and a neural pathway (inflammatory signaling and autonomic nervous system response through the vagus nerve)(18). Both results in brain structural and metabolic disturbances affecting neurons and astrocytes, with a pivotal role of microglial activation (19). These changes, located notably in the autonomic and cholinergic brainstem nuclei as well as in the limbic system (20-22), are thought to contribute both to the acute change in cognition and its associated features (dysautonomia, brainstem dysfunction (23) and to to the long-term consequences of AE (24, 25). Yet the relationship between the two is complex as markers of inflammation are indeed independently associated with AE in critically ill patients (24-28) but not to long-term cognitive decline (29) potentially because of dissociable effects of systemic inflammation on the brain (30). Impaired brain metabolism can also be a direct consequence of dysnatremia or cerebral bioenergetic insufficiency, either in case of hypoxemia or abnormal glucose metabolism (hypoglycemia or reduced glucose uptake notably in case of insulin insensitivity)(31, 32), ultimately leading to oxidative stress and mitochondrial dysfunction. Another proposed pathway is vascular changes, either in the macrocirculation (ischemia, decreased cerebral blood flow (33, 34), or impaired neurovascular coupling and autoregulation (35-37) or in the microcirculation with reduced tissue perfusion and endothelial dysfunction (38-40). AE can also result from the accumulation of neurotoxic chemicals (either drugs or metabolites), notably in case of increased production and/or reduced clearance. This is the case in Cefepime-induced encephalopathy which promotes excitotoxicity through the inhibition of GABA-A receptors and GABA-A release (41) or in hepatic encephalopathy in which ammonia accumulation overwhelms the astrocytes detoxification capacity leading to cytotoxic edema (42). Increased inhibitory tone can also be due to direct effect of GABAergic sedatives (43), such as benzodiazepines, which are a known risk factor of delirium (44) and which can cause long-term alteration of synaptic architecture (45). Several drugs can also impair excitatory neurotransmitter signaling, such as antihistaminic or anticholinergic drugs, and lead to delirium. In fact, cholinergic deficiency has been proposed as a major contributing factor of AE, closely related to inflammation and endothelium (46-49). Recently, increased activity of acetylcholinesterase have been found to be associated with the burden of AE in critically ill patients (50, 51) and pre-ICU exposure to donepezil was associated with a reduction of delirium during the ICU stay in patients with dementia in a retrospective cohort (52).
One of the hallmarks of AE is that all these mechanisms can be favored by an underlying predisposition, the most common being aging and dementia (53). Indeed, both are characterized by decreased baseline connectivity, vasculopathy and impaired astrocyte and microglial response to inflammation and neurotransmitter release. 
All the aforementioned pathways are closely related and often combined such as in septic associated encephalopathy (54-56) or hepatic encephalopathy (57). Nevertheless, specific etiologies and clinical presentations may involve them differentially. The role of dopaminergic transmission may thus differ between coma and delirium, and among delirium motor subtypes, while different biomarkers relates to delirium and long-term cognitive outcome in inflamed and non-inflamed patients (58). 
In the end, AE is likely due to the breakdown of complex homeostasis (59), reflecting the inability of a (vulnerable) brain to show resilience in response to an acute stressor. 
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