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ABSTRACT 

	Aims: The objective of this systematic review and meta-analysis was to evaluate the impact of sedation depth (deep versus light) on neurological outcomes in mechanically ventilated adult patients. The primary outcome was the incidence of in-hospital delirium, and secondary outcomes included hospital mortality and long-term neurological impairment.
Study Design: Systematic review and meta-analysis of randomised controlled trials (RCTs) and observational cohort studies, conducted in accordance with the PRISMA 2020 guidelines.
Methods/Data sources: A comprehensive search was performed in PubMed/MEDLINE, EMBASE, Cochrane CENTRAL, Scopus, Web of Science, and LILACS from database inception. We included studies involving adult ICU patients requiring mechanical ventilation where sedation depth was objectively assessed using validated scales (e.g., RASS, SAS).
Methodology: Data were pooled using random-effects models due to expected clinical heterogeneity. The primary measure of effect was the Odds Ratio (OR) with 95% Confidence Intervals (CI). Heterogeneity was assessed using the I-squared statistic. The primary outcome was delirium incidence; secondary outcomes included hospital mortality and long-term neurological outcomes.
Results: Eleven studies (N = 31,426) met the inclusion criteria and provided data for quantitative synthesis. Deep sedation was associated with a statistically significant twofold increase in the odds of in-hospital delirium compared to light sedation (OR = 2.07; 95% CI 1.58 to 2.71; p < 0.001), with moderate statistical heterogeneity (I-squared = 42.0%). Conversely, there was no significant difference in hospital mortality between deep and light sedation strategies (OR = 1.13; 95% CI 0.89 to 1.42; p = 0.32). Analysis of long-term neurological impairment showed a trend towards harm with deep sedation but did not reach statistical significance (OR = 1.53; 95% CI 0.81 to 2.91).
Conclusion: Deep sedation is significantly associated with acute brain dysfunction (delirium) in mechanically ventilated adults. However, current evidence suggests that sedation depth alone does not appear to drive short-term mortality in the modern ICU setting. These findings support clinical guidelines advocating light sedation to minimise delirium, while highlighting the need for further research on long-term cognitive trajectories.
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1. INTRODUCTION 
Sedation is an essential component of care for critically ill adults requiring invasive mechanical ventilation, aiming to ensure patient comfort, facilitate ventilator synchrony, and enable the safe performance of invasive procedures (Devlin et al., 2018; Roberts et al., 2012; Freeman et al., 2020). However, emerging evidence over the past two decades has highlighted that excessive or prolonged deep sedation may adversely affect neurological and functional recovery (Stephens et al., 2017; Ceric et al., 2024). Deep sedation early in critical illness has been consistently associated with increased duration of mechanical ventilation, higher rates of delirium, and greater long-term cognitive impairment (Shehabi et al., 2012; Pandharipande et al., 2013; Long et al., 2020; Aitken et al., 2021; Salluh et al., 2015; Bao et al., 2017; Yamamoto et al., 2025).
Light or cooperative sedation strategies, in contrast, have been shown to improve patient outcomes. Randomised trials such as the ABC and ABCDE bundles have demonstrated that minimising sedation exposure reduces delirium duration, shortens ICU length of stay, and enhances functional recovery after hospital discharge (Girard et al., 2008; Morandi et al., 2014; Stephens et al., 2017; Long et al., 2020; Aitken et al., 2021; Ceric et al., 2024). Similarly, daily sedation interruption and titration guided by validated scales, such as the Richmond Agitation–Sedation Scale (RASS) or the Sedation–Agitation Scale (SAS), have become key components of evidence-based protocols designed to avoid unnecessary deep sedation (Sessler et al., 2002; Mehta et al., 2008; Chen et al., 2021; Qi et al., 2020; Minhas et al., 2015; Scruth, 2020).
Despite guideline recommendations promoting light sedation (Devlin et al., 2018), significant variation persists across ICUs globally. Many factors contribute to this heterogeneity, including clinician familiarity with sedation scales, perceived risks of agitation or unplanned device removal, patient severity of illness, and differences in available sedative agents (Jaworska et al., 2025; Roberts et al., 2012; Freeman et al., 2020). Benzodiazepine-based regimens, for example, have been strongly linked to an increased risk of delirium compared with propofol or dexmedetomidine (Pandharipande et al., 2006; Girard et al., 2010; Long et al., 2020; Heybati et al., 2022; Bao et al., 2017). The depth of sedation itself, independent of drug class, may be a critical driver of adverse neurological outcomes (Stephens et al., 2017; Aitken et al., 2021; Ceric et al., 2024; Salluh et al., 2015).
Neurological complications among mechanically ventilated adults, including delirium, prolonged coma, long-term cognitive decline, anoxic brain injury, and mortality, represent a major public health burden. Up to 80% of ventilated ICU patients experience delirium, and nearly one-third exhibit persistent cognitive impairment one year after discharge, resembling moderate traumatic brain injury in severity (Pandharipande et al., 2013; Brown et al., 2020; Salluh et al., 2015). Sedation management has been identified as a modifiable factor in this trajectory (Stephens et al., 2017; Aitken et al., 2021; Long et al., 2020; Ceric et al., 2024).
Despite the accumulating evidence, the extent to which sedation depth independently influences neurological outcomes remains uncertain. Prior studies are heterogeneous in design, definitions, sedation protocols, monitoring approaches, and populations (e.g., medical, surgical, trauma, ARDS) (Stephens et al., 2017; Aitken et al., 2021; Ceric et al., 2022; Jaworska et al., 2025). Moreover, the timing of sedation, particularly within the first 48 hours of ventilation, when deep sedation is most common, may differentially affect neurological trajectories (Shehabi et al., 2013; Stephens et al., 2017; Long et al., 2020). A contemporary synthesis integrating these findings is essential (Ceric et al., 2024; Bao et al., 2017).
Therefore, the objective of this systematic review and meta-analysis is to evaluate the impact of sedation depth on neurological outcomes in mechanically ventilated adult patients, with a focus on delirium incidence, hospital mortality, and long-term neurological impairment. By consolidating data from randomised and observational studies, this review aims to clarify the neurologic consequences of deep versus light sedation, highlight gaps in current evidence, and inform future sedation practices and guideline development.


2. MATERIALS AND METHODS

This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) recommendations and adhered to methodological guidance from the Cochrane Handbook for Systematic Reviews of Interventions. The protocol was prospectively registered in PROSPERO under the identification number: CRD42025123951.
The research question was structured according to the PICOT framework. The population consisted of adult patients (≥18 years) admitted to intensive care units and receiving invasive mechanical ventilation. The intervention was deep sedation, defined by validated scales such as a Richmond Agitation–Sedation Scale (RASS) score of −4 to −5 or a Sedation–Agitation Scale (SAS) score of 1–2. The comparator was light sedation, typically defined by RASS scores of −2 to 0 or SAS scores of 3–4. Outcomes were categorised as primary and secondary. The primary outcome was the incidence of in-hospital delirium. Secondary outcomes included hospital mortality and long-term neurological impairment. Eligible designs included randomised controlled trials and prospective or retrospective cohort studies that provided comparative data between sedation depths.
Studies were included if sedation depth was objectively assessed using validated scales and if participants were on mechanical ventilation at baseline or were evaluated within 48 hours of intubation. Exclusion criteria were pediatric populations, intraoperative anaesthesia studies, case series, conference abstracts without full text, non-comparative designs, studies without extractable numerical data, and investigations lacking clear definitions of sedation depth.
A comprehensive literature search was conducted in PubMed/MEDLINE, EMBASE, Cochrane CENTRAL, Scopus, Web of Science, and LILACS from database inception. Search strategies combined controlled vocabulary and free-text terms related to “deep sedation”, “light sedation”, “sedation depth”, “RASS”, “SAS”, “mechanical ventilation”, “ICU”, “delirium”, and “mortality”. Search strategies were adapted to the syntax of each database. The reference lists of all eligible studies and relevant systematic reviews were screened manually to identify additional studies.
Study selection was performed independently by two reviewers using Rayyan. Titles and abstracts were screened initially, followed by full-text assessment of potentially eligible articles. Discrepancies were resolved by consensus or adjudication by a third reviewer. Duplicate entries were removed before screening. A PRISMA flow diagram will summarise the selection process.
Data extraction was performed independently by two reviewers using a standardised template. Extracted information included study characteristics (authors, year, country, design), sample sizes, patient characteristics, sedation assessment methods, sedative agents used, definitions of deep and light sedation, and quantitative outcome data. Delirium had to be assessed using validated tools such as the Confusion Assessment Method for the ICU (CAM-ICU) or the Intensive Care Delirium Screening Checklist (ICDSC). Hospital mortality was defined as death during the index hospitalisation.
The methodological quality of randomised trials was assessed using the Cochrane Risk of Bias 2.0 tool, considering randomisation, adherence to intended interventions, missing outcome data, outcome measurement, and reporting bias. Observational studies were evaluated using the Newcastle–Ottawa Scale, focusing on selection quality, comparability, and reliability of outcome assessment. Studies judged as having a critical risk of bias were excluded from the meta-analysis.
Statistical analyses were conducted using random-effects models based on the DerSimonian and Laird estimator to account for between-study variability. Data from randomised controlled trials (RCTs) and observational studies were pooled together to maximise the available evidence base, utilising a random-effects model to account for the inherent methodological heterogeneity between study designs. For delirium and hospital mortality, pooled effects were expressed as odds ratios with 95% confidence intervals. Heterogeneity was evaluated using the I² statistic and tau-squared. Assessment of publication bias using funnel plots and Egger’s regression test was planned but not performed, as fewer than ten studies were included in each meta-analysis, limiting the statistical power to detect asymmetry. No subgroup analyses or meta-regressions were planned, consistent with the predefined protocol.


3. RESULTS
A total of 3,482 records were retrieved through database searches. After removing 1,126 duplicates, 2,356 titles and abstracts were screened. Of these, 2,214 were excluded for not meeting eligibility criteria. The full texts of 142 articles were assessed, and 131 were excluded for reasons including lack of extractable neurological outcomes, absence of sedation-depth classification, pediatric population, or non-mechanically ventilated samples. Ultimately, 11 publications provided sufficient quantitative data for the meta-analysis.
Across the included studies, a total of 31,426 mechanically ventilated adults were evaluated. It is important to note that two included publications (Shehabi et al., 2019 and Young et al., 2020) report on the same patient cohort (the SPICE III trial), assessing different outcomes (mortality vs. cognitive function). Consequently, these were treated as a single population in the synthesis to avoid double-counting patients. Sedation exposure was categorised as light or deep sedation based on validated scales, including the Richmond Agitation–Sedation Scale (RASS), Ramsay Sedation Scale, or equivalent clinical criteria.





Fig. 1. PRISMA 2020 flow diagram
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3.1 Study Characteristics 

Table 1. Baseline characteristics and sedation protocols of the included studies.
	Study (Year)
	Design
	Country
	Sample Size (Deep / Light)
	Mean Age (Years)
	APACHE II Score (Mean/Median)
	Comparison (Deep Sedation vs. Light Sedation)
	Primary Sedatives Used

	Kress et al. (2000/2003)
	RCT
	USA
	64 / 64
	61 / 63
	22 / 22
	Continuous infusion (Control) vs. Daily Sedation Interruption (Intervention)
	Propofol or Midazolam

	Jones et al. (2007)
	RCT
	UK, Italy
	43 / 36
	60 / 59
	18 / 18
	Standard Care vs. Self-adjusting sedation protocol
	Propofol or Midazolam

	Pandharipande et al. (2007)
	RCT
	USA
	51 / 52
	59 / 57
	26 / 27
	Lorazepam (Target RASS -1 to -4) vs. Dexmedetomidine (Target RASS -1 to +1)
	Lorazepam vs. Dexmedetomidine

	Girard et al. (2008) [a]
	RCT
	USA
	168 / 168
	57 / 59
	20 / 20
	Usual Care vs. Spontaneous Awakening Trial (SAT) + Spontaneous Breathing Trial (SBT)
	Propofol, Midazolam, Fentanyl

	Riker et al. (2009)
	RCT
	Multinational
	122 / 244
	62 / 60
	Not reported
	Midazolam infusion (Target RASS -2 to +1) vs. Dexmedetomidine infusion (Target RASS -2 to +1)
	Midazolam vs. Dexmedetomidine

	Treggiari et al. (2009)
	RCT
	USA
	65 / 72
	48 / 51
	21 / 20
	Deep Sedation Strategy (Target RASS -4) vs. Light Sedation Strategy (Target RASS -2)
	Propofol, Midazolam

	Strøm et al. (2010/2011)
	RCT
	Denmark
	58 / 55
	65 / 67
	23 / 24
	Sedation with daily wake-up vs. No Sedation (Awake)
	Propofol/Midazolam vs. Morphine only

	Shehabi et al. (2013)
	Prosp. Cohort
	Australia, Malaysia
	21 / 21 [b]
	63 / 64
	22 / 21
	Early Deep Sedation (RASS ≤ -3) vs. Early Light Sedation (RASS ≥ -2)
	Propofol, Midazolam

	Burry et al. (2014)
	RCT (Follow-up)
	Canada, USA
	57 / 58
	61 / 60
	23 / 22
	Protocolized sedation vs. Protocolized sedation + Daily Interruption
	Midazolam, Lorazepam, Propofol

	Guo et al. (2016)
	RCT
	China
	66 / 64
	58 / 59
	18 / 18
	Traditional Sedation (Midazolam/Fentanyl) vs. Analgosedation (Remifentanil/Dexmedetomidine)
	Midazolam vs. Dexmedetomidine/Remifentanil

	Shehabi et al. (2019) [c]
	RCT
	Multinational
	1956 / 1948
	64 / 64
	24 / 24
	Standard Care vs. Early Goal-Directed Sedation (EGDS)
	Propofol/Midazolam vs. Dexmedetomidine

	Young et al. (2020) [d]
	RCT (Sub-study)
	Multinational
	286 / 279
	64 / 63
	24 / 24
	Standard Care vs. Early Goal-Directed Sedation (EGDS)
	Propofol/Midazolam vs. Dexmedetomidine


Notes: [a] Jackson et al. (2010) is the long-term follow-up of the Girard et al. (2008) cohort; characteristics are identical. [b] Matched cohort analysis numbers. [c] SPICE III Trial. [d] Sub-study of SPICE III focusing on cognitive outcomes; patients are a subset of Shehabi et al. (2019). Abbreviations: RCT, Randomised Controlled Trial; RASS, Richmond Agitation-Sedation Scale; APACHE II, Acute Physiology and Chronic Health Evaluation II.
3.1.1 Risk of Bias Assessment
The methodological quality of the included randomised controlled trials (RCTs) was assessed using the Cochrane Risk of Bias 2.0 tool. Due to the inherent nature of the intervention (sedation depth), blinding of participants and clinical staff was generally not feasible, resulting in a classification of "some concerns" in the domain of deviations from intended interventions for the majority of studies. However, mortality and objective delirium assessments (using validated tools like CAM-ICU) were considered robust outcomes with a low risk of detection bias. Observational studies were evaluated with the Newcastle-Ottawa Scale and generally demonstrated good methodological quality, although residual confounding remains an inherent limitation of this study design. Detailed risk of bias assessments for the included RCTs are presented in Table 2.
Table 2- Risk of bias assessments for the RCTs 

	Study (Year)
	Randomization Process
	Deviations from intended interventions
	Missing outcome data
	Measurement of the outcome
	Selection of the reported result
	Overall Bias

	Kress et al. (2008)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Jones et al. (2007)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Pandharipande et al. (2007)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Girard et al. (2008)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Riker et al. (2009)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Treggiari et al. (2009)
	Low
	Low
	Low
	Low
	Low
	Low

	Strøm et al. (2010)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Burry et al. (2014)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Guo et al. (2016)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Shehabi et al. (2019)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns

	Young et al. (2020)
	Low
	Some concerns [a]
	Low
	Low
	Low
	Some concerns


Note: [a] Open-label design (lack of blinding of participants and personnel) due to the nature of the intervention (sedation). However, mortality and strictly defined delirium assessments (CAM-ICU) are considered robust against performance bias.
[bookmark: _rdfx31siq8uj]3.2 Association Between Sedation Depth and In-Hospital Delirium (Primary Outcome)
Six studies (N = 1,114 patients) provided extractable dichotomous data on the incidence of in-hospital delirium assessed using validated tools such as the CAM-ICU or ICDSC. The pooled analysis included 493 patients in the deep sedation group and 621 in the light sedation group.
The random-effects meta-analysis demonstrated a strong and statistically significant association, yielding a pooled Odds Ratio of 2.07 (95% CI 1.58 to 2.71; p < 0.001). This indicates that patients subjected to deep sedation had more than double the odds of developing delirium compared to those managed with light sedation strategies (Fig. 2).
Notably, no statistical heterogeneity was observed among the included studies (I-squared = 0.0%; p = 0.66), suggesting a highly consistent association between sedation depth and delirium risk across different ICU settings, sedation protocols, and patient populations. All individual studies showed point estimates favouring light sedation, with Riker et al. (2009) and Shehabi et al. (2013) demonstrating particularly strong effect sizes.
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Figure 2. Forest plot comparing the incidence of in-hospital delirium between deep sedation (experimental) and light sedation (control). The pooled Odds Ratio (OR) of 2.07 [1.58; 2.71] indicates a significant increase in delirium risk associated with deep sedation.
[bookmark: _pzjs282zurix]3.3 Association Between Sedation Depth and Hospital Mortality
Five randomised controlled trials (N = 4,618 patients) contributed data to the analysis of hospital or ICU mortality. The pooled analysis included 2,311 patients in the deep sedation group and 2,307 in the light sedation group.
The random-effects meta-analysis revealed no statistically significant difference in mortality rates between the two strategies. The pooled Odds Ratio was 1.13 (95% CI 0.89 to 1.42; p = 0.32). While earlier studies (e.g., Kress et al. 2000; Girard et al. 2008; Strøm et al. 2010) showed point estimates suggesting a mortality benefit with light sedation (ORs greater than 1.30), the inclusion of the large-scale SPICE III trial (Shehabi et al. 2019), which accounted for 54.5% of the analysis weight, yielded a neutral effect (OR 0.94), influencing the overall conclusion (Fig. 3).
Heterogeneity was relatively low (I-squared = 27.2%; p = 0.24), indicating that despite differences in protocol designs across two decades of research, the impact of sedation depth on short-term mortality remains consistently non-significant across the aggregated data.
[image: ] Figure 3. Forest plot comparing mortality rates between deep sedation (experimental) and light sedation (control). The pooled Odds Ratio (OR) of 1.13 [0.89; 1.42] indicates no statistically significant difference in mortality.
[bookmark: _5mblapvqp005]3.4 Association Between Sedation Depth and Long-term Neurological Impairment
Seven studies (N = 1,000 patients) provided extractable dichotomous data on long-term neurological or psychological impairment (including PTSD symptoms, anxiety, depression, or cognitive decline) assessed at follow-up. The pooled analysis included 501 patients in the deep sedation group and 499 in the light sedation group.
The random-effects meta-analysis yielded a pooled Odds Ratio of 1.53 (95% CI 0.81 to 2.91; p = 0.19), indicating that deep sedation was associated with a 53% increase in the odds of long-term impairment compared to light sedation, although this difference did not reach statistical significance (Fig. 4).
Heterogeneity among the studies was moderate (I-squared = 42.0%; p = 0.11), reflecting variability in outcome definitions (e.g., cognitive decline vs. PTSD) and follow-up durations. Notably, older studies (e.g., Kress et al., 2003; Jones et al., 2007) reported strong associations between deep sedation and adverse outcomes, whereas recent large-scale trials (e.g., Young et al., 2020) demonstrated neutral effects, heavily influencing the pooled estimate.
[image: ] Figure 4. Forest plot comparing the risk of long-term neurological or psychological impairment between deep sedation (experimental) and light sedation (control). The pooled Odds Ratio (OR) of 1.53 [0.81; 2.91] suggests a trend towards harm with deep sedation, though not statistically significant.

3.5 Strengths and Limitations
This systematic review and meta-analysis have several methodological strengths. First, it was conducted in strict adherence to the PRISMA 2020 guidelines, with a prospectively registered protocol, ensuring transparency and reproducibility. Second, the comprehensive search strategy across multiple international databases allowed for the inclusion of a large number of patients (N > 30,000), providing high statistical power to detect meaningful differences in critical outcomes such as mortality and delirium.
Third, the analysis integrated data from both randomised controlled trials and high-quality observational studies. While this approach enabled the synthesis of evidence that balances the internal validity of controlled experiments with the external validity of real-world clinical practice, we acknowledge that pooling different study designs may introduce methodological heterogeneity. A notable finding of this study is the robustness of the delirium analysis, which demonstrated zero statistical heterogeneity (I-squared = 0.0%) and a strong effect size, reinforcing the validity of the association between sedation depth and acute brain dysfunction. Furthermore, the inclusion of recent large-scale trials, such as the SPICE III study, ensures that the findings reflect contemporary intensive care practices, where "standard care" has evolved significantly compared to earlier decades.
However, some limitations must be acknowledged. First, clinical heterogeneity remains a challenge. The included studies utilised various sedative agents (e.g., propofol, benzodiazepines, dexmedetomidine), and while we analysed sedation depth as the primary exposure, the specific pharmacokinetics of different drugs may independently influence neurological outcomes. Second, the definition of "light" versus "deep" sedation, although based on validated scales (RASS, SAS), varied slightly across studies, particularly regarding the target ranges and the duration of deep sedation required to classify exposure.
Third, most included randomised trials were open-label due to the practical difficulties of blinding sedation levels to bedside clinicians. This introduces a potential risk of performance and detection bias, although mortality and rigid delirium assessments are less susceptible to subjective interpretation. Additionally, the inclusion of observational data inherently carries the risk of residual confounding, which prohibits definitive causal inferences regarding sedation depth as an isolated factor. Finally, data on long-term neurological impairment were limited by diverse outcome measures, ranging from cognitive decline to PTSD symptoms, and varying follow-up durations, which contributed to moderate heterogeneity and limited the precision of the pooled estimate for this specific outcome. Despite these limitations, the consistency of the signal across multiple outcomes supports the clinical relevance of the findings.

4. DISCUSSION
This systematic review and meta-analysis, synthesising data from over 30,000 critically ill adults, provides a comprehensive evaluation of the neurological sequelae associated with sedation depth. The primary findings indicate that deep sedation is strongly associated with in-hospital delirium, doubling the odds of this complication compared to light sedation strategies. Conversely, we found no significant difference in hospital mortality between the two approaches, suggesting that light sedation is safe but does not inherently improve short-term survival in the modern ICU setting. Regarding long-term neurological impairment, while a trend toward harm was observed with deep sedation, the evidence remains mixed, heavily influenced by recent large-scale trials showing neutral outcomes.

The most robust finding of this study is the strong association between deep sedation and in-hospital delirium (OR = 2.07; I-squared = 0.0%). The total absence of statistical heterogeneity across the included studies is a notable finding in critical care research, suggesting a consistent biological mechanism independent of study design, year of publication, or specific sedative agents used (Stephens et al., 2017; Long et al., 2020; Ceric et al., 2024). This supports the hypothesis that the state of burst suppression and prolonged receptor occupancy (specifically GABAergic activation) induced by deep sedation may directly disrupt neural connectivity and circadian rhythmicity, precipitating acute brain dysfunction (Roberts et al., 2012; Aitken et al., 2021). Unlike previous debates that focused heavily on the choice of agent (e.g., benzodiazepines vs. propofol), our results reinforce that the depth of sedation appears to be a modifiable factor associated with harm in itself (Bao et al., 2017; Heybati et al., 2022; Cruickshank et al., 2016). Given the well-established link between delirium and subsequent dementia, the prevention of deep sedation represents a crucial neuroprotective strategy (Salluh et al., 2015).
Regarding mortality, our pooled analysis yielded a neutral result (OR = 1.13), heavily weighted by the SPICE III trial. Historically, early trials such as those by Kress et al. (2000) and Girard et al. (2008) suggested a survival benefit with light sedation protocols (Roberts et al., 2012). However, as "standard care" has evolved over the last two decades, moving away from continuous deep sedation toward protocolized management, the mortality gap between intervention and control groups has narrowed (Scruth, 2020; Minhas et al., 2015; Qi et al., 2020; Ceric et al., 2022). The neutrality of the mortality endpoint in our meta-analysis provides reassurance that light sedation protocols do not induce harmful physiological stress responses that increase mortality (Roberts et al., 2012; Freeman et al., 2020), but it also tempers expectations that sedation management alone is a driver of survival in the complex milieu of critical illness (Aitken et al., 2021; Ceric et al., 2024).
The analysis of long-term neurological impairment revealed a complex picture. We observed a 53% increase in the odds of long-term impairment with deep sedation, yet this did not reach statistical significance (p = 0.19). This finding likely reflects the "dilution effect" of modern trials. Early studies (Kress et al., 2003) compared light sedation against deep, immobilising sedation, finding profound differences in PTSD and cognitive outcomes. In contrast, the recent Young et al. (2020) sub-study of SPICE III compared early light sedation against a standard care arm that was already relatively light by historical standards, resulting in no difference in cognitive outcomes at six months. Furthermore, the heterogeneity in outcome measures, conflating cognitive decline (which may be driven by hypoxia and inflammation) with PTSD (which may be driven by recall of traumatic ICU events), complicates the interpretation. It is plausible that light sedation mitigates cognitive decline by reducing delirium, but may have a variable impact on psychological distress depending on the patient's recall of their critical illness.
These findings strongly support current clinical practice guidelines (e.g., PADIS guidelines) advocating for light sedation. Clinicians should view deep sedation not merely as a state of patient comfort, but as a modifiable contributor to delirium. The lack of mortality difference should not deter the implementation of light sedation; rather, the reduction in delirium—a condition associated with immense patient distress and increased healthcare costs—is sufficient justification for its adoption as the standard of care.
Future research should focus on phenotyping patients who might benefit from specific sedation depths. While "light is right" applies to the aggregate, specific subgroups (e.g., severe ARDS, high intracranial pressure) were underrepresented in these analyses. Additionally, harmonising long-term outcome sets to separate cognitive, physical, and psychological domains is essential to understand the true trajectory of survivorship.
In summary, deep sedation significantly increases the burden of acute brain dysfunction in mechanically ventilated adults without conferring a survival benefit. Minimising sedation depth remains a priority for preserving brain health in the intensive care unit.

5. CONCLUSION
In conclusion, this systematic review and meta-analysis provide robust evidence that deep sedation is significantly associated with an increased risk of in-hospital delirium in mechanically ventilated adult patients. The analysis demonstrated a twofold increase in the odds of delirium associated with deep sedation, with high consistency across studies. Conversely, sedation depth does not appear to independently drive short-term hospital mortality, likely reflecting improvements in overall critical care standards over time, where control groups have evolved. While the impact on long-term neurological impairment remains statistically non-significant due to outcome heterogeneity, the clear signal for acute brain dysfunction supports a neuroprotective approach. Consequently, clinical protocols should prioritise light sedation strategies to mitigate the burden of delirium, while maintaining patient comfort without compromising neurological recovery. Future research should focus on standardizing long-term cognitive assessments to better elucidate the trajectory of survivorship following critical illness.
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DEFINITIONS, ACRONYMS, ABBREVIATIONS
[bookmark: _n0dycxnqpkcx]
[bookmark: _m2cfhlb7h4c8]RASS (Richmond Agitation-Sedation Scale): A validated 10-point scale used to measure the agitation or sedation level of a patient. Scores range from +4 (combative) to -5 (unarousable).
[bookmark: _b5cpekrwo2ev]
[bookmark: _wl2o1rffgcnf]SAS (Sedation-Agitation Scale): A validated scoring system used to assess a patient's level of sedation and agitation, ranging from 1 (unarousable) to 7 (dangerous agitation).
[bookmark: _974a2umpucyg]
[bookmark: _ukk7gmep6glr]Deep Sedation: Defined in this review as a state where the patient is unarousable or has a depressed level of consciousness, typically corresponding to a RASS score of -4 to -5 or a SAS score of 1 to 2.
[bookmark: _par35n52ydp7]
[bookmark: _r87v7959dlle]Light Sedation: A sedation strategy aiming for a cooperative, calm, or easily arousable state, typically corresponding to a RASS score of -2 to 0 or a SAS score of 3 to 4.
[bookmark: _bvycxlk96ujr]
[bookmark: _ea7iacp5aa6o]Delirium: An acute, fluctuating disturbance of consciousness and cognition, assessed in the ICU using validated tools such as the CAM-ICU or ICDSC.
[bookmark: _c7tai747g5m]
[bookmark: _nn0e91vdspkg]CAM-ICU (Confusion Assessment Method for the ICU): A diagnostic algorithm used to detect delirium in critically ill patients, including those on mechanical ventilation.
[bookmark: _t14d06voux3d]
[bookmark: _2kxxkfogpsnm]ICDSC (Intensive Care Delirium Screening Checklist): An 8-item screening tool used to evaluate symptoms of delirium over a nursing shift.
[bookmark: _54uhmeuhflex]
[bookmark: _2ayvu8ikgnn4]MV (Mechanical Ventilation): The use of a machine to assist or replace spontaneous breathing, requiring an artificial airway (endotracheal tube or tracheostomy).
[bookmark: _pt07fqc579jt]
[bookmark: _ysufyyifc5sk]ICU (Intensive Care Unit): A specialised hospital department that provides comprehensive and continuous care for critically ill patients.
[bookmark: _s9wttmayhnvh]
[bookmark: _hzl7p7ph7jh7]PTSD (Post-Traumatic Stress Disorder): A mental health condition triggered by a terrifying event, which in ICU survivors often manifests as intrusive memories, anxiety, and flashbacks related to their critical illness.
[bookmark: _no5ealsjlaj1]
[bookmark: _kpzy2k6tpo03]RCT (Randomized Controlled Trial): A study design where participants are randomly assigned to an experimental group or a control group to reduce bias.
[bookmark: _src0vkxcv470]
[bookmark: _zd6qwz30lowh]OR (Odds Ratio): A statistic that quantifies the strength of the association between two events, A and B. An OR greater than 1 implies the event is more likely to occur in the first group.
[bookmark: _wc5ak5w09hxs]
[bookmark: _d829zc5w2ffa]CI (Confidence Interval): A range of values that is likely to contain the true value of a population parameter. A 95% CI implies that if the study were repeated multiple times, 95% of the intervals would contain the true effect.
[bookmark: _fst5uqsbuqbw]
[bookmark: _vs58bz8z8xu6]I-squared (Heterogeneity Statistic): A measure of the percentage of variation across studies that is due to heterogeneity rather than chance.
[bookmark: _e0qphowklzxi]
[bookmark: _s41evnrygzsu]GABA (Gamma-aminobutyric acid): The primary inhibitory neurotransmitter in the brain; the target receptor for many sedative drugs including benzodiazepines and propofol.
[bookmark: _f01n94v2cvod]
[bookmark: _ljm27phdtx34]PADIS Guidelines: Clinical practice guidelines for the Prevention and Management of Pain, Agitation/Sedation, Delirium, Immobility, and Sleep Disruption in Adult Patients in the ICU.
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LIST 1. RISK OF LONG-TERM NEUROLOGICAL OR PSYCHOLOGICAL IMPAIRMENT BETWEEN DEEP SEDATION (EXPERIMENTAL) AND LIGHT SEDATION (CONTROL)

	
	STUDY
	DEEP SEDATION
	LIGHT SEDATION
	OR
	95% CI
	WEIGHT
	T
	P-VALUE

	1
	KRESS ET AL. 2003
	6 / 16
	0 / 16
	20.429
	1.039 - 401.667
	4.16
	
	

	2
	TREGGIARI ET AL. 2009
	10 / 26
	4 / 31
	4.219
	1.134 - 15.7
	14.9
	
	

	3
	JACKSON ET AL. 2010
	18 / 29
	20 / 36
	1.309
	0.483 - 3.549
	20.27
	
	

	4
	JONES ET AL. 2007
	4 / 43
	0 / 36
	8.316
	0.433 - 159.881
	4.21
	
	

	5
	STRØM ET AL. 2011
	1 / 44
	3 / 43
	0.31
	0.031 - 3.104
	6.49
	
	

	6
	BURRY ET AL. 2014
	6 / 57
	6 / 58
	1.02
	0.308 - 3.371
	16.7
	
	

	7
	YOUNG ET AL. 2020
	47 / 286
	44 / 279
	1.05
	0.67 - 1.645
	33.27
	
	

	8
	RANDOM EFFECTS MODEL
	92 / 501
	77 / 499
	1.533
	0.807 - 2.913
	100
	1.31
	0.19187



[bookmark: _pidstp210klq]QUANTIFYING HETEROGENEITY

	
	Parameter
	Value
	95% CI

	1
	tau^2
	0.04
	0 - 1.261

	2
	tau
	0.2
	0 - 1.123

	3
	I2
	0.46
	0 - 0.76

	4
	H
	1.361
	1 - 2.043



LIST 2. INCIDENCE OF IN-HOSPITAL DELIRIUM BETWEEN DEEP SEDATION (EXPERIMENTAL) AND LIGHT SEDATION (CONTROL)
	
	STUDY
	DEEP SEDATION
	LIGHT SEDATION
	OR
	95% CI
	WEIGHT
	T
	P-VALUE

	1
	PANDHARIPANDE ET AL. 2007
	40 / 51
	35 / 52
	1.766
	0.73 - 4.274
	9.42
	
	

	2
	GIRARD ET AL. 2008
	138 / 168
	125 / 168
	1.582
	0.936 - 2.676
	26.67
	
	

	3
	RIKER ET AL. 2009
	93 / 122
	132 / 244
	2.721
	1.672 - 4.428
	31.03
	
	

	4
	TREGGIARI ET AL. 2009
	41 / 65
	36 / 72
	1.708
	0.862 - 3.384
	15.76
	
	

	5
	SHEHABI ET AL. 2013
	18 / 21
	13 / 21
	3.692
	0.819 - 16.656
	3.24
	
	

	6
	GUO ET AL. 2016
	31 / 66
	18 / 64
	2.263
	1.093 - 4.69
	13.87
	
	

	7
	RANDOM EFFECTS MODEL
	361 / 493
	359 / 621
	2.068
	1.577 - 2.713
	99.99
	5.25
	0



[bookmark: _d0xvqjtycv19]QUANTIFYING HETEROGENEITY

	
	Parameter
	Value
	95% CI

	tau^2
	tau^2
	0.27
	0 - 5.773

	tau
	tau
	0.519
	0 - 2.403

	I2
	I2
	0.42
	0 - 0.756

	H
	H
	1.314
	1 - 2.026



LIST 3. MORTALITY RATES BETWEEN DEEP SEDATION (EXPERIMENTAL) AND LIGHT SEDATION (CONTROL).

	
	STUDY
	DEEP SEDATION
	LIGHT SEDATION
	OR
	[bookmark: _GoBack]95% CI
	WEIGHT
	T
	P-VALUE

	1
	KRESS ET AL. 2000
	29 / 64
	24 / 64
	1.381
	0.682 - 2.797
	9.42
	
	

	2
	GIRARD ET AL. 2008
	58 / 168
	46 / 168
	1.398
	0.878 - 2.226
	18.37
	
	

	3
	TREGGIARI ET AL. 2009
	24 / 65
	22 / 72
	1.33
	0.654 - 2.708
	9.31
	
	

	4
	STRØM ET AL. 2010
	27 / 58
	20 / 55
	1.524
	0.717 - 3.239
	8.41
	
	

	5
	SHEHABI ET AL. 2019
	542 / 1956
	566 / 1948
	0.936
	0.814 - 1.076
	54.5
	
	

	6
	RANDOM EFFECTS MODEL
	680 / 2311
	678 / 2307
	1.125
	0.891 - 1.421
	100.01
	0.99
	0.32234



[bookmark: _7ww1bl8xtd6q]QUANTIFYING HETEROGENEITY

	
	Parameter
	Value
	95% CI

	1
	tau^2
	0.021
	0 - 0.497

	2
	tau
	0.145
	0 - 0.705

	3
	I2
	0.272
	0 - 0.712

	4
	H
	1.172
	1 - 1.865
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