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Critically ill infants and children often need prolonged sedation to support life- 
saving therapeutic interventions. Although advances in pediatric intensive care 
(PICU) have substantially improved survival, an increasing body of evidence 
indicates that many survivors experience persistent neurocognitive and 
neurobehavioral impairments. These outcomes arise from a complex interplay 
between pre-morbid status, critical illness related physiological stressors and 
iatrogenic exposures during periods of brain development. Evidence 
consistently links benzodiazepines to increased risk of delirium, sleep 
fragmentation, withdrawal, and adverse cognitive trajectories in pediatric 
populations. In contrast, α2-adrenergic agonists such as dexmedetomidine 
may be associated with a lower risk of delirium, improved sleep architecture, 
and potential neuroprotective effects in preclinical and early clinical studies, 
although human evidence is conflicted with limited data in PICU. Although 
several studies have evaluated the long-term neurocognitive effects of inhaled 
anesthetics after general surgical anesthesia, their increasing use for PICU 
sedation remains understudied. This narrative review synthesizes preclinical 
and clinical literature examining the associations between sedation practices 
in PICUs and subsequent neurocognitive outcomes. We focus on potential 
modifiable contributors, including sedative class selection, sedative 
polypharmacy, sleep disruption, and delirium, while acknowledging non- 
modifiable risk factors such as developmental stage at illness onset, acute 
neurological injury, systemic inflammation, and non-clinical social 
determinants of health.
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1 Introduction

Critically ill infants and children routinely receive prolonged 
sedation, over days to weeks, often involving multiple agents, to 
support life-saving care. While brief exposures are considered low 
risk, prolonged exposure places patients at heightened risk for 
delirium, iatrogenic withdrawal, and long-term neurocognitive 
impairment (1). Deficits in memory, executive function, attention, 
and emotional regulation have been documented in a significant 
proportion of pediatric intensive care unit (PICU) survivors, 
including among those without pre-existing neurological conditions 
(2, 3). Importantly, infants and children with underlying 
vulnerabilities may be at even higher risk for further neurocognitive 
decline. The developing brain is particularly susceptible to both 
pathophysiological disturbances like hypoxia, hypotension, acidosis, 
systemic inflammation and iatrogenic exposures (4–6). Modifiable 
contributors, including sedation-associated delirium, sleep 
fragmentation, and environmental stressors, further complicate the 
neurodevelopmental trajectory of pediatric survivors of critical illness.

Although research supports associations between PICU 
admission and neurocognitive deficits, methodological variability 
and limited mechanistic insights hinder direct translation into 
bedside clinical practice (7). Preclinical studies suggest sedative 
agents can disrupt brain development, but translating these 
findings to critically ill children is complex. Clinical data are 
often confounded by illness severity, comorbidities, patient age, 
and care heterogeneity. Clinical trials of inhalational sedatives, 
which are increasingly more commonly used in critical care, have 
focused only on short exposures in otherwise healthy children.

This narrative review builds on evolving preclinical and 
clinical research on neurocognitive outcomes following critical 
illness and sedation in the PICU, highlighting both modifiable 
and non-modifiable risk factors, with an emphasis on modifiable 
factors that can inform bedside practice.

For this review, we employed an iterative search strategy, 
beginning with a broad examination of the literature on 
neurocognitive outcomes following adult and pediatric critical 
illness and post-intensive care syndrome. We used literature 
identified through successive rounds of database querying 
(PubMed) and reference tracing rather than a single predefined 
protocol. Priority was given to manuscripts reporting randomized 
controlled trials and large cohort studies, particularly those that 
have been highly cited or incorporated into clinical practice 
guidelines, to anchor the review in the most influential and 
methodologically robust clinical evidence. Where a mechanistic 
context was needed to link clinical outcomes to underlying 
neurodevelopmental processes, relevant preclinical studies were 
also included. Articles were selected based on their relevance to 
the review’s central themes, with an emphasis on synthesizing 
evidence across clinical and preclinical domains.

2 Sedation-related modifiable risk 
factors

2.1 Intravenous and oral sedatives

Sedative choice in the PICU has historically been dominated 
by midazolam infusions (8). Benzodiazepines are increasingly 

recognized as contributors to adverse cognitive outcomes, 
including lower IQ scores in children 3–8 years after being 
treated with a sedation strategy that included only opioids and 
benzodiazepines during their PICU admission, compared with 
children who were treated with multiple sedative classes (9).

Benzodiazepine exposure is independently associated with 
increased incidence of pediatric sedation-associated delirium 
(pSAD) with incidence rates exceeding 50% in ventilated 
children (10–12). Specifically, Mody et al. (10) reported that 
each log increase in benzodiazepine dosage was associated with 
a 43% higher risk of delirium (10). Drury et al. (5) found that 
higher cumulative benzodiazepine exposure was independently 
associated with worse acute-phase cognitive outcomes (5), while 
Long et al. (13) found an increased risk for post-traumatic stress 
syndrome in PICU survivors who were exposed to midazolam, 
one-month post-discharge (13). Based on these concerns, 
dexmedetomidine, an alpha-2 adrenergic agonist, has been 
recommended as the first-line agent for sedation in critically ill 
children and for light sedation or to decrease delirium risk in 
adults requiring mechanical ventilation in the Society for 
Critical Care Medicine Clinical Practice Guidelines (14, 15).

Alpha-2 adrenergic agonists, including dexmedetomidine and 
clonidine, have been suggested to have a lower risk of delirium 
and potential neuroprotective effects (16–18). In neonatal rodent 
and hypoxic-ischemic encephalopathy (HIE) animal models, 
dexmedetomidine administration has been shown to reduce 
apoptosis and oxidative stress, decrease lesion size, and improve 
functional recovery (19–21). Mechanistically, dexmedetomidine 
increases anti-apoptotic proteins, reduces p53-mediated cell 
death pathways, limits glutamate excitotoxicity, and inhibits 
calcium influx via NMDA receptors (22). These pathways 
directly target processes implicated in delirium pathophysiology, 
including neuronal hyperexcitability and neuroinflammation.

While pre-clinical data show clear benefits in terms of 
apoptosis, oxidative stress and neuroinflammation compared to 
other sedative agents, including inhalational sedatives, the 
clinical data remain mixed. In adults, dexmedetomidine 
demonstrated superiority over lorazepam in achieving sedation 
targets, reducing delirium incidence, and showing trends toward 
decreased mortality in the MENDS trial (23). In the recently 
published A2B trial, neither dexmedetomidine nor clonidine was 
superior to propofol in reducing time to successful extubation, 
and both were associated with higher rates of patient agitation, 
with no observed mortality benefit (24). Studies in pediatric 
patients are limited. The largest study of dexmedetomidine in 
critically ill children, the PROSDEX study, included 163 
patients, with a median age of 13 months (interquartile range 4- 
71 months) across 9 PICUs in Italy. The prospective 
observational study included a heterogeneous patient 
population, with 62% invasively mechanically ventilated, 34% 
supported with non-invasive mechanical ventilation and 18% 
with high flow nasal cannula. The study reported that patients 
who received at least 24 h of dexmedetomidine required less 
benzodiazepines, opioids, propofol and ketamine, in addition to 
having lower rates of withdrawal and delirium as compared to 
the 24 h prior to the initiation of dexmedetomidine (25). Several 
small clinical trials have found similar results (26–29), however, 
a recent meta-analysis showed that, with pooled analysis, 
dexmedetomidine had little effect on duration of mechanical 
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ventilation, that it may reduce the risk of delirium, and the impact 
on withdrawal is uncertain. Additionally, this meta-analysis 
highlighted that the certainty of the evidence was often low or 
very low (30). Further large randomized controlled trials with 
standardized titration protocols are required to fully understand 
whether the benefits shown in preclinical studies extend to the 
bedside. Currently, the Dexmedetomidine Use in Infants 
Undergoing Cooling Due to Neonatal Encephalopathy (DICE) 
trial is recruiting; however, these results will have limited 
applicability to patients admitted to the PICU (31).

2.2 Inhaled anesthetics

Inhaled anesthetics such as isoflurane and sevoflurane remain 
widely used for surgical anesthesia but are being increasingly 
utilized in critical illness for sedation via miniature vaporizing 
devices such as the SedaConDa® (32). Inhaled agents exert 
broad central nervous system effects by enhancing inhibitory 
neurotransmission via gamma-aminobutyric acid (GABA) and 
glycine receptors, while simultaneously suppressing excitatory 
signaling through blockade of N-methyl-D-aspartate (NMDA), 
nicotinic acetylcholine, glutamate, and serotonin (5-HT3) 
receptors (21). While these pharmacologic mechanisms are 
advantageous for inducing anesthesia, they have also been 
implicated in neurotoxicity, particularly in the developing brain. 
From preclinical studies of brain anatomy following inhaled 
anesthetic exposure to large, multicenter clinical trials, 
significant research has sought to understand and quantify this 
risk. Despite this, no clear answer exists.

Preclinical studies of inhaled anesthetic exposure in 
neonatal rodent models suggest disruptions in synaptic plasticity 
and activation of neuroapoptotic pathways during key periods of 
synaptogenesis (33–35). The findings, however, caution against 
generalization to children, as these models often employ inhaled 
anesthetic exposures that significantly exceed typical clinical 
doses (>3 minimum alveolar concentration, MAC) and do not 
reflect human neurodevelopmental timelines (36).

Large-scale clinical trials assessing brief exposures (less than 
240 min) in healthy children have been largely reassuring. The 
neurodevelopmental outcome at 5 years of age after general 
anesthesia or awake-regional anesthesia in infancy (GAS trial) 
demonstrated no significant difference in intelligence quotient 
(IQ) scores at 5 years of age between infants who underwent 
general anesthesia with sevoflurane and those who received 
regional anesthesia during inguinal hernia repair (37, 38). 
Similarly, the Pediatric Anesthesia Neurodevelopment 
Assessment (PANDA) study, a sibling-matched cohort analysis, 
found no statistically significant difference in IQ scores at 10 
years of age between children exposed to a single general 
anesthetic under 3 years of age and their unexposed siblings 
(39). The Mayo Anesthesia Safety in Kids (MASK) study 
extended these findings, observing no substantial IQ deficits, 5– 
17 years after either a single or multiple brief exposures, but 
identifying potential domain-specific vulnerabilities, such as 
processing speed and fine motor skills (40). Recently, two trials 
have compared neurocognitive outcomes after a combination of 
sevoflurane, dexmedetomidine, and remifentanil vs. sevoflurane 
alone to determine whether limiting exposure to inhalational 

anesthetic agents affects neurocognitive outcomes (41, 42). The 
Trial Remifentanil DEXmedetomidine trial (TREX) to date has 
reported only short-term outcomes related to intraoperative 
hypotension and bradycardia, finding that patients exposed to 
sevoflurane alone had a higher incidence of intraoperative 
hypotension but less bradycardia than those exposed to 
sevoflurane, dexmedetomidine, and remifentanil (42). Sang-Hwan 
and colleagues reported no differences in neurodevelopmental 
status between children exposed to sevoflurane, dexmedetomidine, 
and remifentanil (DEX-R) before 24 months of age, vs. those 
exposed to sevoflurane alone, on the Korean Leiter International 
Performance Scale and the Child Behaviour Checklist at 28–30 
months of age (41). Neither trial has yet to report its primary 
outcome, which is full-scale IQ testing at 3 years of age (TREX) 
and 5 years of age (Sang-Hwan et al.). Importantly, all these trials 
excluded children with significant comorbidities, organ 
dysfunction or critical illness, limiting their generalizability to the 
PICU population. Additionally, the inhalational anesthetic 
exposures during these trials were short (averaging around 
50 min), whereas sedation during critical illness is continuous, 
involves multiple agents, and may be required for prolonged 
periods (days- weeks). A meta-analysis of 31 studies of 
neurodevelopment following inhalational anesthetic exposure 
suggested a higher risk of neurodevelopmental disorders, learning 
problems and ADHD in children who experience prolonged or 
repeated anesthesia (43). Unfortunately, neurodevelopmental 
disorders are also associated with socioeconomic status and other 
PICU and home environmental factors (44, 45), and these 
confounders are rarely addressed in studies of anesthetic exposure.

Clinical concerns about prolonged inhaled sedation are 
supported by observational studies in neonates post-cardiac 
surgery, where cumulative inhaled anesthetic exposure has 
been associated with MRI-detected white matter changes and 
poorer neurodevelopmental outcomes at one year (46, 47). 
Furthermore, rare complications of inhaled anesthetic use in 
intensive care unit for sedation include emergence delirium, 
hallucinations, and psychomotor dysfunction including 
choreoathetois, although robust pediatric data regarding types 
and incidence of such complications remain extremely 
limited (21, 48, 49).

Two recent randomized controlled trials (RCT) have 
attempted to better understand the benefits and risks of the use 
of inhaled agents for ongoing sedation in critically ill patients. 
The SESAR trial, a multicenter randomized controlled study of 
adults with moderate-to-severe acute respiratory distress 
syndrome (ARDS), found that patients sedated with inhaled 
sevoflurane had fewer ventilator-free days at 28 days and lower 
90-day survival compared to those receiving intravenous 
propofol (50). The generalizability of this study is severely 
limited by key methodological factors: over half the cohort had 
COVID-19 pneumonia, and the protocol mandated deep 
sedation (RASS −4 to −5) with neuromuscular blockade for 
48 h regardless of clinical need. This sedation approach diverges 
from current sedation best practices in both adults and children, 
which recommend protocolized sedation targeted to validated 
sedation scores, including the Richmond Agitation-Sedation 
Scale (RASS), State Behavioral Scale (SBS), or COMFORT-B 
scale, with a focus on strategies to minimize overall sedation 
and reduce coma whenever clinically feasible (14, 15).
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In children, the ISOComfort trial offers the first randomized 
evidence on extended use of inhaled sedation in mechanically 
ventilated children for up to 54 h. Isoflurane was found to be 
non-inferior to midazolam in efficacy and safety (51). However, 
the trial excluded infants and toddlers, did not assess long-term 
neurodevelopmental outcomes, and used benzodiazepines as the 
comparator, a medication class which has been linked to 
delirium in children (10, 11) and is not routinely recommended 
for sedation in critically ill children (15). The Advancing Brain 
Outcomes in pediatric critically ill patients sedated with Volatile 
AnEsthetic Agents (ABOVE) trial is a pilot, feasibility trial 
(NCT05867472), that assesses the feasibility of enrolling children 
in an RCT that will compare neurocognitive outcomes in 
children sedated with isoflurane to standard sedative practice 
(15). In contrast to ISOComfort, it is anticipated that a portion 
of participants randomized to standard of care will be sedated 
with dexmedetomidine in accordance with current guidelines 
(15). Additional exploratory endpoints in the pilot feasibility 
trial include neurocognitive outcomes at 1 year after discharge, 
making it the first trial in critically ill children to evaluate 
neurocognition following prolonged isoflurane exposure (Table 1).

2.3 Sedative polypharmacy

The simultaneous use of multiple sedative and analgesic classes, 
sedative polypharmacy, is common in PICUs and represents a 
potential modifiable contributor to neurocognitive risk. In a study 
of 1,300 critically ill children, Bose et al. (52) found that exposure 
to ≥4 sedative classes was associated with a 72.6% incidence of 
delirium (52). Notably, polypharmacy mediated nearly 40% of the 
delirium risk attributed to mechanical ventilation, emphasizing its 
central role in neurocognitive vulnerability. Additionally, more 
than 75% of PICU patients encounter potentially harmful drug– 
drug interactions (53), complicating efforts to isolate specific 
neurotoxic effects.

2.4 Sleep disruption and fragmentation

Sleep is an underexplored determinant of outcomes in 
critically ill children, where restorative sleep is essential for brain 
maturation. The development of circadian rhythms and sleep 
regulation begins in utero and undergoes marked changes across 
childhood to support brain maturation and physical growth 
(54). Sleep architecture is shaped by a combination of 
neurological pathways, hormonal influences, and behavioral 
routines, but these patterns evolve with age to meet changing 
developmental needs (55). Light sleep, or non-rapid eye 
movement sleep stage 1 and 2 (NREM1 and 2) is marked by 
sleep spindles and K-complexes that consolidate by 3 months of 
age, reflecting increasing sensitivity to environmental disruption. 
Deep sleep, or slow wave sleep (SWS)/NREM 3) is characterized 
by high-amplitude delta waves (0.5–4 Hz) and predominates in 
early childhood, when it is most critical for growth, immune 
regulation, and synaptic pruning. By adolescence, SWS declines 
by 40% as cortical remodeling occurs. Notably, children spend 
proportionally more time in rapid eye movement (REM) 

sleep during infancy and more SWS during early childhood 
(Figure 1) (56–59).

In the PICU, sleep fragmentation, characterized by frequent 
awakenings, reduced REM, and circadian disruption, has been 
associated with neuroinflammation and impaired memory 
consolidation (60–63). Children may be uniquely vulnerable, as 
disrupted sleep during critical periods of synaptic plasticity can 
alter long-term cognitive trajectories (64). Environmental and 
treatment-related factors further compound this risk: constant 
light, loud noise, and repeated interventions fragment sleep, 
while mechanical ventilation is strongly linked to delirium and 
prolonged PICU stay (3, 60).

Moreover, sedation is often diametrically opposite of 
physiologic sleep from a neurophysiological standpoint; 
commonly used agents suppress REM and SWS stages, 
producing EEG patterns distinct from restorative sleep and 
potentially impairing neurodevelopment (65). Sedative and 
analgesic agents exert profound effects on sleep architecture. 
Benzodiazepines induce beta frequency activity on EEG, reduce 
REM and increase lighter NREM 2 sleep; opioids further 
suppress SWS and REM; and propofol produces diffuse slow- 
wave EEG activity with loss of REM and NREM 1 stages (60). 
Greater sedative exposure is consistently associated with 
worsening fragmentation, prolonged ventilation, and agitation, 
while polypharmacy compounds these effects. In contrast, α₂- 
agonists such as dexmedetomidine preserve NREM 2 sleep and 
approximate a more physiologic sleep profile in children (65), 
suggesting a potential protective role.

EEG-based anesthetic depth monitoring, which is increasingly 
used to improve sedation during general anesthesia, offers little 
insight into sleep quality. Devices such as BIS, SedLine, and 
Narcotrend condense EEG activity into a single index to prevent 
deeper anesthesia, thereby leading to burst suppression and lighter 
anesthesia, which can manifest as intraoperative awareness. These 
EEG-based monitors have several limitations regarding their utility 
in monitoring sedation depth and sleep in critically ill infants and 
children. The devices have been developed and validated for adult- 
based brain algorithms and therefore have limited utility in infants 
and younger children whose EEG amplitudes and frequencies differ 
during critical periods of brain maturation (66). Additionally, EEG- 
based monitors focus on sedative-induced unconsciousness, as 
synchronized slow-wave patterns that lack physiologic sleep features 
such as spindles or K-complexes (67). Therefore, sophisticated, 
pediatric-specific, real-time EEG monitoring tools that can not only 
quantify anesthetic depth but also objectively evaluate sleep quality 
at the bedside are urgently needed (68). Intervention strategies 
targeting sleep, including minimizing nighttime disturbances, 
simulating light–dark cycles, and implementing pediatric liberation 
bundles, also represent emerging opportunities to mitigate sleep 
disruption and improve sleep quality in critically ill patients. By 
addressing both environmental and pharmacologic contributors, 
such approaches may protect against long-term neurocognitive 
impairment in PICU survivors.

2.5 Delirium

Delirium is a frequent and serious complication of pediatric 
critical illness, defined as acute cerebral dysfunction with 
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disturbances in attention, awareness, and consciousness. In both 
pediatric and adult survivors of critical illness, delirium strongly 
predicts long-term cognitive impairment and reduced quality of 
life (69–71). The pathophysiology of delirium increasingly points 
to inflammatory and neuronal injury pathways. Elevated levels 
of IL-6, IL-8, MCP-1, TNF-α, cortisol, and S100-β have been 
observed in critically ill children with delirium (4, 72). These 
mediators disrupt the blood–brain barrier, activate glial cells, 
and promote neuroinflammation. Systemic inflammation may 
also amplify the neurocognitive risks of sedative and analgesic 
exposure (73).

Sedative medications are among the strongest modifiable 
contributors to delirium in the PICU (10, 74). Large cohort 
studies demonstrate that delirium occurs in up to 23% of 
mechanically ventilated patients, with benzodiazepine exposure, 
mechanical ventilation, and illness severity (PRISM III scores) 
independently associated with risk (3). Benzodiazepines show a 
clear dose–response effect with each incremental daily increase 
raising delirium risk by 43%, and overall odds nearly fivefold 
higher compared to unexposed children (10, 12). Children who 
developed delirium had longer PICU stays, extended ventilation, 
and increased mortality. Importantly, benzodiazepine exposure 
independently predicted worse executive function in PICU 
survivors, even after adjusting for confounders (5). The 
ongoing movement toward benzodiazepine-sparing sedation 
highlights recognition of these risks. Protocols favoring α₂- 
adrenergic agonists such as dexmedetomidine may reduce the 
risk of delirium (30), but given the complex interplay of 
environmental and physiologic factors that cause delirium, 
switches in sedative regimens alone will not eliminate this 
PICU morbidity.

2.6 Socioeconomic and environmental 
determinants

Non-biological factors, including socioeconomic status and 
environmental exposures, play a substantial role in shaping 
recovery. Lower socioeconomic status has been independently 
linked to worse neurocognitive outcomes, even after adjustment 
for illness severity (2). Contributing mechanisms include 
reduced access to post-discharge rehabilitation, inadequate 
educational support, and healthcare disparities. Environmental 
exposures, including early-life stress, parental education levels, 
and housing instability, further compound these risks and may 
synergistically interact with biological vulnerabilities established 
during critical illness (75).

3 Non-modifiable factors

3.1 Acute neurological injuries

Acute neurological insults acquired during or preceding 
critical illness including traumatic brain injury, ischemic or 
hemorrhagic stroke, hypoxic-ischemic events, and central 
nervous system infections directly impact neuronal integrity and 
network development. These conditions are associated with 
persistent impairments in memory, attention, processing speed, 
and executive functioning (47). In a cohort study by Williams 
et al. (76), approximately 35% of children admitted to the PICU 
with primary neurologic diagnoses developed new disabilities by 
hospital discharge, with the highest rates observed in infectious, 
inflammatory, or cerebrovascular conditions (76).

FIGURE 1 

Age-related changes in sleep stage distribution from infancy through adulthood, with peaks in SWS during late childhood (60).
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3.2 Developmental stage at illness onset

The timing of critical illness relative to neurodevelopmental 
milestones significantly influences long-term cognitive outcomes. 
Infants and young children, particularly under three years of age 
are in a phase of rapid brain development involving 
synaptogenesis, myelination, and cortical network formation (6). 
Disruptions during this critical window can lead to permanent 
alterations in brain architecture and function. Dervan and 
colleagues demonstrated that younger age was independently 
associated with both increased risk of PICU delirium and poorer 
neurocognitive outcomes post-discharge (3). Experimental studies 
further support these findings, demonstrating greater 
susceptibility to anesthetic and inflammatory insults when 
exposures occur during critical periods of neurodevelopment (21). 
Although plasticity may support partial recovery, the initial 
developmental insult often determines the trajectory of 
functional outcomes.

3.3 Critical illness

Critical illness is characterized by recurrent episodes of 
hypoxia, hypotension, and metabolic derangements, all of which 
can precipitate global and focal cerebral dysfunction and even 
ischemia. These physiological insults compromise cerebral 
autoregulation, reduce oxygen delivery, and disrupt neuronal 
metabolism, thereby contributing to structural brain injury and 

impaired cognitive development (77). Choong et al. (78) found 
that the severity, timing, and duration of hypoxic or hypotensive 
episodes strongly predicted neurodevelopmental outcomes 
among PICU survivors (78).

Furthermore, systemic inflammation during critical illness can 
disrupt the blood-brain barrier facilitating peripheral immune cell 
infiltration and activating resident microglia and astrocytes. This 
neuroinflammatory cascade exacerbates neuronal apoptosis, 
impairs synaptic connectivity, and may induce long-term 
changes in neural circuits responsible for cognition and 
behavior (4).

4 Conclusion

As survival from pediatric critical illness continues to improve, 
attention must shift decisively toward protecting the developing 
brain of survivors. The evidence reviewed here underscores that 
neurocognitive morbidity arises not from a single exposure but 
from the cumulative interaction of illness-related physiological 
stressors with iatrogenic factors such as sedative choice, 
polypharmacy, sleep disruption, and delirium. While some risks 
such as age at illness, acute neurological injury, and severity of 
hypoxia or inflammation are essentially non-modifiable, many 
others are amenable to intervention. Benzodiazepine-sparing 
sedation strategies, preference for agents that better preserve 
sleep and reduce delirium, minimization of sedative 
polypharmacy, and environmental and organizational efforts to 

FIGURE 2 

Modifiable and non-modifiable risk factors for improving neurologic outcomes in children after critical illness. The young patient, who is mechanically 
ventilated and sedated with midazolam, is delirious and experiencing sleep fragmentation from the bright lights and alarms on the ventilator, monitor 
and IV pumps. While developmental stage at the time of illness, acute brain injury, hypoxia, and hypotension are difficult to modify, using a 
benzodiazepine-sparing sedation strategy, reducing excessive alarms, focusing on sleep hygiene, and screening for socio-economic factors and 
home supports may improve long-term cognitive outcomes.
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protect circadian rhythm and restorative sleep represent actionable 
opportunities to reduce long-term harm (Figure 2). Moving 
forward, progress will require integrating neurodevelopmental 
outcomes into sedation trials, extending follow-up beyond 
hospital discharge, and leveraging bedside tools such as EEG- 
informed monitoring to titrate sedation and promote sleep. 
A developmentally informed, liberation-focused approach to 
pediatric sedation grounded in delirium prevention and sleep 
preservation offers a realistic pathway to improving not only 
survival but also the cognitive and functional outcomes of 
infants and children who require critical care.
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