[bookmark: _GoBack]Supplemental Table 1. Conceptual distinction between acute encephalopathy, delirium, and coma1,2
	Feature
	Acute Encephalopathy
	Delirium
	Coma

	Conceptual Level
	Pathobiological process
	Clinical phenotype
	Clinical phenotype

	Core Definition
	Diffuse, rapidly evolving brain dysfunction due to systemic, metabolic, toxic, or inflammatory injury. Represents disruption of neuronal network function and cerebral homeostasis.
	Acute disorder of attention, awareness, and cognition with fluctuating course. Represents one observable manifestation of underlying brain dysfunction.
	State of absent sustained arousal (wakefulness) and awareness. Represents severe impairment on the continuum of consciousness.

	Temporal Profile
	Typically develops over hours to days, often in the context of systemic critical illness.
	Acute onset with fluctuating course.
	Acute or subacute loss of arousal; may follow progression of encephalopathy or structural injury.

	Diagnostic Framework
	Mechanism oriented: 
· Inferred from clinical context, physiologic disturbance, and supportive biomarkers such as EEG or neuroimaging. May manifest clinically as subsyndromal delirium, delirium, or coma depending on severity and arousal.
	Phenotype oriented: 
· Diagnosed using bedside assessments of attention and awareness, often with structured tools such as CAM-ICU or ICDSC aligned with DSM criteriaa. Subsyndromal delirium reflects partial fulfillment of clinical criteria.
	Phenotype oriented: 
· Defined by absence of sustained spontaneous or stimulus-induced arousal on clinical examination. Operational definitions vary across studies and disciplines but recent expert consensus definition3 of coma defined by the absence of sustained spontaneous or stimulus-induced arousal/wakefulness. All of the following criteria must be met on clinical examination to establish the diagnosis of coma.b

	Relationship to Each Other
	Biological substrate underlying delirium, coma, and other acute brain dysfunction states.
	Clinical expression of encephalopathy in patients who retain some level of arousal.
	Clinical expression of severe encephalopathy or structural brain injury with loss of arousal.

	Implications for Recognition
	May be underrecognized when only clinical phenotypes are assessed without consideration of underlying pathobiology or biomarkers.
	Detection depends on systematic screening; reliance on clinical impression alone may underestimate prevalence.
	Variability in operational definitions may limit comparability across studies and affect prognostication.

	Role in ICU Practice
	Provides mechanistic framework for diffuse brain dysfunction and guides etiologic evaluation.
	Serves as a measurable bedside marker of acute brain dysfunction and a predictor of long-term outcomes.
	Signals severe brain dysfunction and prompts escalation of monitoring and supportive management.

	Implications for Research
	Heterogeneity in terminology and mechanistic attribution contributes to variability in reported incidence and outcomes.
	Differences in screening frequency and tool selection influence reported rates and cross-study comparisons.
	Lack of standardized definitions across studies may complicate epidemiologic estimates and outcome interpretation.



aDSM-5 delirium diagnostic criteria4
A. A disturbance in attention (i.e., reduced ability to direct, focus, sustain, and shift attention) and awareness (reduced orientation to the environment).
B. The disturbance develops over a short period of time (usually hours to a few days), rep-resents a change from baseline attention and awareness, and tends to fluctuate in severity during the course of a day.
C. An additional disturbance in cognition (e.g., memory deficit, disorientation, language, visuospatial ability, or perception).
D. The disturbances in Criteria A and C are not better explained by another preexisting, established, or evolving neurocognitive disorder and do not occur in the context of a severely reduced level of arousal, such as coma.
E. There is evidence from the history, physical examination, or laboratory findings that the disturbance is a direct physiological consequence of another medical condition, sub-stance intoxication or withdrawal (i.e., due to a drug of abuse or to a medication), or exposure to a toxin, or is due to multiple etiologies.

bComa definition3
1. No command-following
2. No intelligible speech or recognizable gesture
3. No volitional movement (reflexive movement may occur)
4. No visual pursuit, fixation, saccade to stimuli or eye opening or closing to command
5. The above criteria are not due to use of paralytic agents, active use of sedatives, or another neurologic or psychiatric disorder ((e.g., locked-in syndrome, neuromuscular disorder, catatonia, akinetic mute, abulia, conversion disorder)
6. No evidence of cognitive motor dissociation (i.e. the covert ability to follow commands) based on electrophysiological or functional imaging, if such testing is available.


Supplemental Table 2. Common Causes of Acute Encephalopathy in Non-Neurological Critical Illness, Clinical Phenotypes, and Preventive Strategies

	Category
	Representative ICU Causes
	Dominant Mechanisms
	Typical Clinical Phenotypes
	Preventive / Mitigation Strategies

	Systemic infection/ inflammation
	Sepsis, septic shock, pancreatitis
	Neuroinflammation, BBB disruption, impaired perfusion
	Delirium, coma, seizures
	Early sepsis recognition and treatment, infection source control, avoidance of hypotension and hypoxemia

	Hypoxemia/ hypoxic stress
	ARDS, respiratory failure, severe anemia
	Neuronal energy failure, oxidative stress
	Delirium, coma, myoclonus, seizures
	Lung-protective ventilation, avoidance of severe hypoxemia, optimization of oxygen delivery

	Hemodynamic instability
	Shock, hypotension, vasoplegia
	Reduced cerebral blood flow, impaired autoregulation
	Delirium, coma
	Targeted hemodynamic support, avoidance of prolonged hypotension, individualized MAP goals

	Metabolic derangements
	Dysglycemia, electrolyte and acid–base disturbances
	Altered neuronal excitability, osmotic shifts
	Delirium, seizures, coma
	Frequent metabolic monitoring, early correction of glucose and electrolyte abnormalities

	Organ failure–associated
	Hepatic failure, renal failure, hyperammonemia
	Neurotoxin accumulation, neurotransmitter imbalance
	Delirium, asterixis, coma
	Early recognition of organ dysfunction, renal replacement when indicated, ammonia-lowering strategies

	Pharmacologic/ iatrogenic
	Sedatives, opioids, benzodiazepines, withdrawal, neurotoxicity: antibiotics
	Cortical suppression or hyperexcitability
	Delirium, coma, seizures
	Sedation minimization, analgesia-first strategies, daily sedation interruption, careful withdrawal management

	Immune/ inflammatory dysregulation
	Cytokine-mediated injury
	Microglial activation, synaptic dysfunction
	Delirium, seizures
	Control of systemic inflammation, avoidance of secondary insults, supportive neuroprotective care

	Endocrine disturbances
	Thyroid or adrenal dysfunction, hyperosmolar states
	Metabolic dysregulation
	Delirium, coma
	Early endocrine evaluation, hormone replacement when indicated

	Environmental/ ICU-related stressors
	Sleep disruption, immobility, isolation, pain, dyspnea, thirst
	Circadian and network dysfunction
	Delirium
	Sleep promotion, early mobilization, reorientation, family engagement

	Seizure-related (secondary)
	Metabolic- or drug-induced seizures
	Cortical hyperexcitability
	Delirium-like states, coma
	Prompt correction of triggers, EEG monitoring in high-risk patients




Supplemental Table 3. Medical Research Council (MRC) sum score framework

	Score per muscle group
	Description

	0
	No visible contraction

	1
	Flicker or trace contraction

	2
	Active movement with gravity eliminated

	3
	Active movement against gravity

	4
	Active movement against resistance

	5
	Normal strength



Total score: 0–60 (6 muscle groups bilaterally)

Clinical interpretation:
· <48 → ICU-acquired weakness
· <36 → severe weakness





Supplemental Table 4: Mechanism-Based Investigational Strategies Aligned with Identified Gaps in Critical Illness–Associated Brain Injury

	Pathobiological Domain
	Evidence-Based Gap Identified in This Review
	Investigational or Emerging Strategy
	Rationale and Current Stage of Evidence

	Cerebral Perfusion Failure and Impaired Autoregulation
	Uncertainty regarding optimal perfusion targets in systemic critical illness; heterogeneity in susceptibility to hypoperfusion and hyperperfusion
	Autoregulation-guided hemodynamic management
	Neuromonitoring-guided MAP titration using transcranial Doppler or near-infrared spectroscopy to derive individualized perfusion targets; CO₂ reactivity–guided ventilatory strategies; nitric oxide–mediated microvascular modulation. Early physiologic and translational studies; limited outcome-driven trials.

	Neuroinflammation and Immune Dysregulation
	Incomplete understanding of which inflammatory phenotypes confer highest neurologic risk; lack of targeted anti-inflammatory neuroprotective therapies
	Microglial and cytokine pathway modulation
	Biomarker-guided cytokine targeting such as IL-1 receptor antagonism (e.g., anakinra) in hyperinflammatory sepsis phenotypes. Early-phase and phenotype-enriched investigations; need for neurologic endpoints.

	Neurovascular and Blood–Brain Barrier Dysfunction
	Limited ability to identify and treat endothelial dysfunction contributing to cerebral edema and microvascular injury
	Endothelial stabilization strategies
	Modulation of the Angiopoietin-2/Tie2 axis (e.g., Tie2 agonists such as vasculotide, Ang2-binding/Tie2-activating antibodies); targeting tight junction and NF-κB–mediated endothelial inflammatory signaling. Predominantly preclinical and early translational evidence.

	Metabolic and Bioenergetic Failure
	Uncertain contribution of mitochondrial dysfunction to long-term cognitive outcomes; absence of metabolism-targeted neuroprotection
	Mitochondrial support and metabolic modulation
	Mitochondria-targeted agents such as elamipretide (SS-31); metabolic substrate modulation including ketone-based strategies; precision nutrition approaches. Early translational and small clinical studies; mechanistic endpoints predominate.

	Neurotransmitter and Network Dysfunction
	Persistent delirium and cognitive impairment without targeted network-level therapies; unclear optimal sedation paradigms for brain protection
	Network-based neuromodulation and cognition-targeted strategies
	EEG-guided sedation titration; non-invasive neuromodulation such as transcutaneous vagus nerve stimulation targeting autonomic and inflammatory pathways; exploratory use of psychostimulants and cholinergic agents (e.g., methylphenidate, modafinil, donepezil) for post-ICU cognitive impairment. Early-phase feasibility and pilot trials; limited long-term outcome data.
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