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Influence of general anesthetic exposure in developing brain on cognition and the

underlying mechanisms
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Abstract: With the evolution of medical techniques and technology, an increasing number of infants, neonates, and fetuses are
exposed to general anesthesia for clinical diagnostic and therapeutic process. The neurotoxic effects of general anesthetics on developing
brain have been a subject of concern and considerable research interest. Population-based study confirmed that single short-term
general anesthetic exposure does not affect nervous system function, but multiple exposures to general anesthesia could damage cognitive
function. Animal studies further discovered the underlying mechanisms. Nervous system is most susceptible to general anesthetics
during the brain growth spurt. The time-point is more critical than the duration of exposure to general anesthetics. General anesthetics
can induce intracellular calcium overload, disturb energy metabolism, promote cell apoptosis and lead to cell loss. General anesthetics
can damage synaptic structure, transmission and plasticity, and impair brain function. High throughput omics technologies have been
used to screen the differentially expressed genes induced by general anesthetics, which provide further understanding of the mechanism
of general anesthetics affecting cognitive function. This review provides an update on the pathophysiologic mechanisms underlying
the anesthesia-neurotoxicity, which will be helpful to provide instructions for the clinical use of general anesthesia in children.
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Fig. 1. A schematic of mechanism responsible for cognitive impairment induced by early exposure to general anesthesia. An early
exposure to general anesthesia induces cell damage. General anesthetics may induce cytosolic Ca®* overload, cause a significant and
long-lasting disturbance in mitochondria, which in turn causes free oxygen radical overload and energy metabolism dysfunction in
cells and newly developing synapses. General anesthesia activates the mitochondria-dependent apoptosis and excessive autophage,
which then leads to cell loss. General anesthesia-induced cell loss involves neurons and oligodendrocytes. Cell damage and cell loss
together promote the damage of neural circuit, including synapse structure, transmission and plasticity. Due to all these mechanisms,

early general anesthesia exposure causes the impairment of cognitive function.
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