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ABSTRACT: Neuroanesthesia in patients with pre-existing cerebral injury presents unique 
challenges and potential complications. These challenges underscore the importance of recent 
advancements in genetic and biological research, which have provided valuable insights into 
the complex interplay between anesthetics, genomic expression, epigenetic modifications, and 
molecular mechanisms that contribute to anesthesia-induced neurotoxicity and adverse 
neurocognitive outcomes. This narrative review explores the current knowledge regarding the 
genetic and biological factors influencing neuroanesthesia, focusing on patients with pre-
existing cerebral injury. By synthesizing findings from preclinical and clinical studies, this 
review aims to elucidate the mechanisms underlying anesthetic-induced neurodegeneration, 
genetic predisposition to anesthetic complications, and potential therapeutic interventions to 
mitigate adverse effects. The implications of these insights for developing safer anesthetic 
practices and personalized approaches to neuroanesthesia are discussed. Understanding the 
genetic and biological underpinnings of neuroanesthesia is crucial for optimizing patient care 
and outcomes in the context of pre-existing cerebral injury. 
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INTRODUCTION 

Neuroanesthesia is critical in managing patients undergoing neurosurgical procedures, 

particularly those with pre-existing cerebral injury. However, the administration of 

anesthetics in this patient population is associated with potential complications and adverse 

neurocognitive outcomes (1). Recent advancements in genetic and biological research have 

shed light on the complex mechanisms underlying the effects of anesthetics on the brain, 
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revealing the interplay between genomic expression, epigenetic modifications, and molecular 

pathways (2). These insights have significant implications for understanding the risks and 

complications associated with neuroanesthesia in patients with pre-existing cerebral injury 

and for developing safer anesthetic practices and targeted therapeutic interventions. 

This narrative review aims to synthesize the current knowledge regarding the genetic 

and biological insights into neuroanesthesia, explicitly focusing on patients with pre-existing 

cerebral injuries. By examining the findings from preclinical and clinical studies, this review 

seeks to elucidate the mechanisms underlying anesthetic-induced neurotoxicity, genetic 

predisposition to anesthetic complications, and potential strategies for mitigating adverse 

effects. The implications of these insights for developing personalized approaches to 

neuroanesthesia are significant. This personalized approach has the potential to optimize 

patient care and outcomes, providing reassurance and confidence in the future of 

neuroanesthesia. 

METHODOLOGY 

A comprehensive literature search was conducted using multiple databases, including 

Scopus, Web of Science, PubMed, ERIC, IEEE Xplore, ScienceDirect, Directory of Open 

Access Journals (DOAJ), and JSTOR. The search strategy employed a combination of 

keywords related to neuroanesthesia, genetic insights, biological mechanisms, pre-existing 

cerebral injury, and anesthetic complications. Relevant articles, including original research, 

review articles, and meta-analyses, were selected based on their relevance to the topic and the 

quality of the evidence presented. The reference lists of the included articles were also 

examined to identify additional relevant studies. 

Results 

Genomic Expression and Neurodegeneration 

General anesthetics (GAs) such as propofol, ketamine, and isoflurane have been shown 

to alter genomic expression, leading to potential neurodegenerative outcomes (3). Preclinical 

studies have demonstrated that neonatal exposure to these anesthetics can result in memory 

and learning deficits due to imbalances in neurotransmitter systems (4). These alterations in 
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genomic expression may contribute to long-term neurocognitive abnormalities and the 

development of conditions such as Alzheimer's disease (2). In patients with pre-existing 

cerebral injury, the impact of anesthetics on genomic expression and the potential for 

exacerbating neurodegeneration is a significant concern. 

Epigenetic Modifications 

Anesthesia-induced neurotoxicity in the developing brain has been increasingly linked 

to epigenetic changes (5). Epigenetic modifications, such as alterations in DNA methylation 

and histone acetylation, can lead to long-term changes in gene transcription and functional 

deficits in learning and behavior (6). These epigenetic changes have been observed in 

preclinical models of anesthetic exposure and may contribute to the adverse neurocognitive 

outcomes associated with neuroanesthesia in patients with pre-existing cerebral injury (5). 

However, the identification of these changes also opens the door to potential therapeutic 

interventions that could mitigate these adverse effects and protect the brain from further 

injury, offering a hopeful outlook for the future of neuroanesthesia (2). 

Genetic Variants and Anesthetic Response 

Genetic analysis has identified specific variants that may influence individual 

anesthetic responses, suggesting a genetic predisposition to certain anesthetic complications. 

This finding underscores the need for personalized medicine in anesthesiology. For instance, 

rare genetic variants in genes encoding calcium channels and purinergic receptors have been 

associated with intraoperative awareness with recall, a potentially traumatic complication of 

general anesthesia. These findings highlight the importance of considering genetic factors in 

the selection and administration of anesthetics, particularly in patients with pre-existing 

cerebral injury who may be more susceptible to adverse outcomes. 

Molecular and Neuronal Mechanisms 

Advances in molecular genetics have identified multiple targets for volatile anesthetics, 

including GABA(A) receptors and other ion channels. This understanding of the molecular 

and neuronal mechanisms underlying the effects of anesthetics on the brain is crucial. These 

findings have helped elucidate how anesthetics induce loss of consciousness and other 
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anesthetic endpoints, such as amnesia and immobility. It also highlights the potential for 

developing targeted interventions to minimize anesthetic-induced neurotoxicity and optimize 

patient outcomes, especially in the context of pre-existing cerebral injury. 

Neuroendocrine Substrates 

Research has identified a core ensemble of hypothalamic neurons commonly activated 

by various general anesthetics, suggesting a shared neural pathway between anesthesia and 

natural sleep (10). These neurons play a crucial role in regulating global brain states, including 

anesthesia induction and sleep promotion (10). Identifying these neuroendocrine substrates 

provides insights into the mechanisms underlying the effects of anesthetics on the brain. It 

highlights potential targets for therapeutic interventions to mitigate anesthetic-induced 

neurotoxicity and promote neuroprotection in patients with pre-existing cerebral injury (2). 

DISCUSSION 

The genetic and biological insights into neuroanesthesia have significant implications 

for understanding the potential complications and adverse outcomes associated with the 

administration of anesthetics in patients with pre-existing cerebral injuries. The findings 

presented in this review underscore the complex interplay between genetic, epigenetic, and 

molecular factors in the effects of neuroanesthesia on the brain (2). The alteration of genomic 

expression and the induction of epigenetic modifications by general anesthetics have been 

linked to neurodegenerative outcomes and long-term neurocognitive abnormalities, 

particularly in the developing brain (3,5). These findings highlight the need for careful 

consideration of the potential risks and complications of neuroanesthesia in patients with pre-

existing cerebral injury, who may be more susceptible to anesthetic-induced neurotoxicity. 

Identifying genetic variants that influence individual responses to anesthetics suggests 

a genetic predisposition to certain anesthetic complications, such as intraoperative awareness 

with recall (7). These findings emphasize the importance of personalized approaches to 

neuroanesthesia, considering individual patients' genetic profiles to optimize anesthetic 

selection and minimize adverse outcomes (8). The elucidation of the molecular and neuronal 

mechanisms underlying the effects of anesthetics on the brain, including the activation of 

specific ion channels and neuroendocrine substrates, provides a foundation for the 
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development of targeted interventions to mitigate anesthetic-induced neurotoxicity and 

promote neuroprotection (2,10). 

The insights gained from genetic and biological research into neuroanesthesia have 

significant implications for managing patients with pre-existing cerebral injury. Developing 

safer anesthetic practices and personalized approaches to neuroanesthesia based on individual 

genetic profiles and susceptibility to adverse outcomes is crucial for optimizing patient care 

and outcomes (1). Identifying potential therapeutic targets, such as epigenetic regulators and 

neuroendocrine substrates, offers opportunities for developing neuroprotective strategies to 

mitigate anesthetic-induced neurotoxicity and promote brain health in this vulnerable patient 

population (2,10). 

However, several challenges and limitations must be acknowledged when applying 

these genetic and biological insights to clinical practice. Translating preclinical findings to the 

clinical setting requires further validation and consideration of factors such as patient 

heterogeneity, comorbidities, and the complexity of the human brain. Additionally, the 

implementation of personalized approaches to neuroanesthesia may be limited by the 

availability of genetic testing and the need for multidisciplinary collaboration among 

healthcare professionals. 

CONCLUSION 

The genetic and biological insights into neuroanesthesia have provided a deeper 

understanding of the mechanisms underlying the effects of anesthetics on the brain, 

particularly in the context of pre-existing cerebral injury. These insights have significant 

implications for developing safer anesthetic practices, personalized approaches to 

neuroanesthesia, and targeted therapeutic interventions to mitigate adverse outcomes. By 

leveraging these insights, healthcare professionals can optimize patient care and improve 

outcomes in this vulnerable patient population. 
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