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Letter-to-Editor 

Neuroinflammation of the central nervous system (CNS) is a critical condition in intensive care unit (ICU) patients receiving 

mechanical ventilation and is often underrecognized as a contributing factor to cognitive deficits. Critically ill individuals 

are exposed to a wide range of systemic stressors, including sepsis, trauma, hypoxia, stress and discomfort associated 

with mechanical ventilation, and major surgery. These stressors can trigger inflammatory cascades that extend beyond 

the primary site of injury or infection and affect multiple organs, including the CNS. The resulting inflammatory response 

within the brain contributes to conditions such as delirium, sepsis-associated encephalopathy (SAE), cognitive dysfunction, 

and post-intensive care syndrome (PICS).1-4 

 

As survival rates in critically ill patients continue to improve, attention has shifted toward understanding the neurological 

and cognitive sequelae associated with ICU care, making neuroinflammation an important area of contemporary critical 

care research. Critically ill patients are exposed to multiple triggers, including systemic infections and sepsis, acute 

respiratory distress syndrome (ARDS), mechanical ventilation, multiorgan failure, metabolic disturbances, drug-induced 

pulmonary toxicity, traumatic shock, and severe inflammatory states.1-3 

 

The pathogenesis of neuroinflammation in ICU settings is multifactorial and involves complex interactions between systemic 

inflammation and the CNS. During critical illness, pro-inflammatory cytokines such as interleukin-1 beta (IL-1β), interleukin-

6 (IL-6), and tumor necrosis factor-alpha (TNF-α) are released in large quantities into the circulation. These mediators 

disrupt the integrity of the blood-brain barrier (BBB), allowing inflammatory molecules and immune cells to enter the 

brain parenchyma. Once the BBB is compromised, microglial cells, the primary immune cells of the CNS, become activated 

and release additional inflammatory mediators, reactive oxygen species, and nitric oxide. This amplifies neuronal injury, 

impairs synaptic communication, and contributes to cerebral dysfunction. In addition, mitochondrial dysfunction and 

oxidative stress further exacerbate neuronal damage by impairing cellular energy production and promoting 

apoptosis.2,5-6,9 

 

One of the most clinically significant manifestations of neuroinflammation in the ICU is delirium, an acute disturbance in 

attention, awareness, and cognition that fluctuates over time. Delirium affects a substantial proportion of critically ill 

patients, particularly those receiving mechanical ventilation or deep sedation. Neuroinflammatory pathways play a 

central role in delirium pathogenesis by disrupting neurotransmitter systems, including cholinergic, dopaminergic, and 

gamma-aminobutyric acid (GABA) signaling. Hypoactive delirium, characterized by lethargy and reduced 

responsiveness, is especially common and frequently underrecognized in ICU settings. The occurrence of delirium is 

associated with prolonged hospital stay, increased mortality, higher healthcare costs, and long-term cognitive decline.3-

4,11 

 

Sepsis-associated encephalopathy (SAE) represents another major neurological complication linked to neuroinflammation 

in critically ill patients. Sepsis induces a systemic inflammatory response that profoundly affects cerebral function through 

cytokine release, endothelial dysfunction, impaired cerebral autoregulation, and microvascular injury. These changes 

result in diffuse brain dysfunction without direct CNS infection. Patients with SAE may present with confusion, agitation, 

altered consciousness, or coma. Persistent neuroinflammatory activation during sepsis has also been associated with 

accelerated neurodegeneration and increased risk of future cognitive impairment or dementia.1-2,5,9 
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The diagnosis of neuroinflammation in ICU patients remains challenging because there are no universally accepted 

biomarkers or imaging modalities capable of definitively identifying neuroinflammatory activity in routine clinical 

practice. However, several inflammatory markers, including IL-6, C-reactive protein (CRP), S100β protein, neuron-specific 

enolase (NSE), and neurofilament light chain (NfL), have shown potential associations with delirium and brain injury. 

Clinical assessment tools such as the Confusion Assessment Method for the ICU (CAM-ICU), Intensive Care Delirium 

Screening Checklist (ICDSC), and Richmond Agitation-Sedation Scale (RASS) are commonly used to monitor neurological 

status and detect delirium.6-7 

 

Management strategies aimed at reducing neuroinflammation primarily focus on prevention and supportive care. Non-

pharmacological interventions have demonstrated the greatest benefit in minimizing delirium and preserving cognitive 

function. The ABCDEF bundle, which includes pain management, spontaneous awakening and breathing trials, careful 

sedation selection, delirium monitoring, early mobilization, and family engagement, has become a cornerstone of ICU 

care. Additional measures such as sleep promotion, environmental orientation, minimization of noise, and maintenance of 

normal circadian rhythms may further reduce neuroinflammatory stress. Pharmacologic approaches remain limited, 

although lighter sedation protocols and selective use of dexmedetomidine, particularly with its potential risk for 

bradycardia and hypotension, have shown promise in reducing delirium incidence compared with benzodiazepine-based 

sedation regimens.10-11 

 

The long-term consequences of ICU-related neuroinflammation are increasingly recognized as a major public health 

concern. Survivors of critical illness often experience persistent cognitive deficits involving memory, executive function, 

attention, and psychological well-being. These impairments may persist for months or years following ICU discharge and 

significantly reduce quality of life. Chronic neuroinflammatory processes are thought to contribute to ongoing neuronal 

dysfunction and may accelerate neurodegenerative changes similar to those observed in Alzheimer disease and other 

dementias.1,3,8 

 

Recent advances in critical care research are exploring novel diagnostic and therapeutic approaches for ICU-related 

neuroinflammation. Emerging technologies such as continuous electroencephalographic monitoring, advanced 

neuroimaging, biomarker-guided assessment, and machine learning-based prediction models may improve early 

detection of brain dysfunction in critically ill patients. Experimental therapies targeting cytokine modulation, microglial 

activation, oxidative stress, and mitochondrial dysfunction are also under investigation. Although many of these 

interventions remain in the experimental stage, they represent promising directions for future research aimed at reducing 

the neurological burden associated with critical illness.7-9 

 

In conclusion, neuroinflammation is a central mechanism underlying many neurological complications observed in ICU 

patients. Through disruption of the blood-brain barrier, activation of inflammatory pathways, and impairment of neuronal 

function, neuroinflammation contributes significantly to delirium, sepsis-associated encephalopathy, and long-term 

cognitive decline. Early recognition, preventive care strategies, and ongoing research into targeted therapies are 

essential for improving neurological outcomes in critically ill patients. As understanding of ICU-related neuroinflammation 

continues to evolve, integrating neuroprotective approaches into critical care practice may become increasingly important 

in enhancing both survival and quality of life among ICU survivors.11 
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