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Abstract

Background. Sedation management is a cornerstone of supportive care for critically ill patients
receiving mechanical ventilation. While deep sedation was historically the standard,
contemporary practices are shifting toward an "eCASH" model (Comfort and patient-centered

Care without excessive Sedation and High levels of analgesia).

Aim. The objective of this study was to comprehensively evaluate and compare clinical
outcomes between light sedation and deep sedation strategies in mechanically ventilated

patients, focusing on mortality rates, duration of mechanical ventilation, length of stay (LOS),

and neurological complications.
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Material and methods. A detailed analysis was performed based on 40 scientific sources,
including randomized controlled trials and meta-analyses. Sedation depth was primarily defined using

the Richmond Agitation-Sedation Scale (RASS).

Results. Early deep sedation (within 48 hours) is an independent predictor of increased
mortality (Hazard Ratio = 1.661). Light sedation was associated with a reduction in mechanical

ventilation duration by an average of 2.1 days and shorter ICU stays by 3 days.

Conclusions. Targeting light sedation should be the default standard of care to improve patient
survival and recovery, as deep sedation is a strong predictor of delirium and increased mortality.

Key words: light sedation, deep sedation, mechanical ventilation, intensive care unit, mortality,
delirium, Richmond Agitation-Sedation Scale (RASS)

1. Introduction

Sedation and analgesia are essential components of care for millions of critically ill patients
requiring mechanical ventilation to ensure safety, comfort, and synchrony with the ventilator
[26,30,31]. Historically, the clinical paradigm in the 1980s and 1990s favored deep sedation to
minimize oxygen consumption and facilitate adaptation to mechanical support, often leading to
prolonged periods of immobility and unconsciousness[21]. However, over the past two decades, there
has been a dramatic shift toward a patient-centered approach aiming to keep individuals "calm,
conscious, and cooperative" [2,37]. Current international guidelines, such as the PADIS
recommendations, now strongly advocate for targeting light sedation (RASS 0 to -2) or even no
sedation to facilitate early mobilization and faster weaning from mechanical support [2,13].

Despite these clear recommendations, early deep sedation remains highly prevalent in modern clinical
practice, often initiated as early as the emergency department or within the first 48 hours of ICU
admission[9,17,38,39]. Growing evidence identifies the depth of sedation during this initial phase as
a critical, modifiable determinant of patient outcomes [10,17,21]. Early deep sedation has been
established as a potent and independent predictor of increased short- and long-term mortality,
prolonged duration of mechanical ventilation, and longer intensive care unit (ICU) stays [3,5,17,30].
Furthermore, deep sedation is a major driver of acute brain dysfunction, correlating with a significantly

higher prevalence of delirium and the distortion of physiological sleep architecture [13,17,19].

The management of sedation depth must also consider the severity of the patient's underlying

respiratory failure, particularly in high-acuity cases. In patients with severe lung injury (PaO2/FiO2 <



100), the preservation of strong spontaneous breathing effort under light sedation may paradoxically
exacerbate lung damage through Patient Self-Inflicted Lung Injury (P-SILI) and lead to fewer
ventilator-free days. This complex balance between wakefulness and lung protection became
especially evident during the COVID-19 pandemic, where early deep sedation was prevalent and
independently associated with nearly triple the mortality rate in some cohorts compared to light
sedation strategies [9]. This paper provides a comprehensive analysis of the clinical outcomes and
safety profiles associated with these competing sedation strategies to clarify the optimal approach for

the modern mechanically ventilated patient.

2. Research materials and methods

This paper was developed through a comprehensive analysis of clinical studies and meta-
analyses retrieved from PubMed. The search focused on keywords including "light sedation strategy,"
"deep sedation,” "mechanically ventilated patient,” and "clinical outcomes." The analysis prioritizes
randomized controlled trials (RCTs) and high-quality prospective cohort studies. Key outcome
measures evaluated include 28-day and 90-day mortality, ventilator-free days (VFDs), intensive care

unit (ICU) length of stay (LOS), and safety metrics such as delirium incidence and adverse events.

3. Research results

3.1. Mortality and Survival Outcomes

Early depth of sedation is a critical determinant of patient survival, with aggregate data from over
4,500 patients showing a significantly lower hospital mortality rate in those managed with light
sedation (9.2%) compared to those receiving deep sedation (27.6%)[17]. Meta-analytic evidence
indicates an odds ratio of 0.34 for mortality in favor of light sedation, suggesting a robust survival
benefit across various ICU populations. During the first wave of the COVID-19 pandemic, this trend
was even more pronounced, with mortality reaching 30.4% in deeply sedated patients versus 11.1% in
those receiving light sedation [9]. Furthermore, early deep sedation within the first 48 hours of
mechanical ventilation acts as a strong independent predictor of mortality, even after adjusting for

baseline illness severity and other clinical confounders [5,9,39].



The impact of initial sedation depth extends well beyond the acute phase of illness, significantly
influencing long-term survival trajectories up to two years post-admission. In a large European cohort
study, early deep sedation was associated with a nearly two-fold increase in the hazard of death at a
two-year follow-up (HR 1.866) [5]. Long-term survival analysis indicates that mortality at two years
is as high as 62.0% for patients deeply sedated early in their stay, compared to 39.9% for matched
patients managed with lighter sedation targets. Other studies have corroborated these findings,
demonstrating that the depth of early sedation is a reliable predictor of survival at 180 days and even
up to 60 months, where 60-month survival rates were significantly lower for the deep sedation group

(38.1%) compared to those receiving light sedation or daily interruptions (90.5%) [39].

However, the survival benefit of light sedation may be modulated by specific clinical pathologies
and the severity of respiratory failure. For instance, a sub-study of the ROSE trial found no significant
difference in 90-day mortality between light and deep sedation in a propensity-matched cohort
specifically of moderate-to-severe ARDS patients (OR 0.72) [22]. This suggests that in high-acuity
cases Where strict lung-protective ventilation is paramount, the benefits of lighter sedation might be
counterbalanced by the need for synchronization and reduced respiratory drive. Conversely, in specific
neurological populations such as postoperative intracerebral hemorrhage patients, a short course of
deep sedation was actually associated with lower 3-month mortality and improved quality of life [16].
Therefore, while early light sedation remains the recommended default for improving survival,
clinicians must carefully tailor sedation depth targets to the specific clinical requirements of the

underlying disease.

3.2. Duration of Mechanical Ventilation and ICU Stay

Light sedation and daily sedation interruption strategies are strongly associated with improved
clinical efficiency and shorter recovery periods. A meta-analysis of 4,521 patients demonstrated that
early light sedation targets lead to a significant reduction in the duration of mechanical ventilation,
with a mean difference of 2,1 fewer days compared to deep sedation groups[17]. Similar trends were
observed in pediatric populations, where deeply sedated children required significantly longer
ventilatory support (193.38 hours) than those managed with light sedation (123,14 hours)[6].
Furthermore, implementing daily sedative interruptions has been shown to reduce time on the

ventilator by approximately 2,5 days and shorten the intensive care unit (ICU) length of stay by 3,5



days [8,20]. Studies consistently indicate that these reductions are often driven by earlier successful

extubation and higher rates of passing spontaneous breathing trials (SBT) [21].

However, the impact of sedation depth on clinical stay and ventilation duration is modulated
by both diurnal practices and the severity of the underlying lung injury. Evidence suggests that higher
doses of opioids and benzodiazepines administered at night are independently associated with SBT
failure and delayed extubation, highlighting the need for consistent diurnal sedation management [30].
During the COVID-19 pandemic, deep sedation was linked to significantly fewer ventilator-free and
ICU-free days [9]. Conversely, in the specific subset of patients with severe lung injury (PaO2/FiO2
< 100), early light sedation was associated with a decrease of 10.8 ventilator-free days compared to
deep sedation [3]. This counterintuitive finding suggest that in the most severe cases of respiratory
failure, the preservation of strong spontaneous breathing effort under light sedation may exacerbate
lung injury through mechanisms like overdistension and asynchrony, thereby paradoxically prolonging

the need for mechanical support [3].

3.3. Delirium and Acute Brain Dysfunction

Delirium and acute brain dysfunction represent significant clinical challenges in the
management of mechanically ventilated patients, with delirium occurring in approximately 70% to
80% of patients with acute respiratory failure [20]. Current evidence demonstrates a strong correlation
between the depth of early sedation and the prevalence of these conditions, as deep and prolonged
sedation is consistently associated with an increased incidence of delirium [13]. Specifically, clinical
data indicates that the prevalence of delirium rises sharply as sedation levels intensify, increasing from
65.4% in the lightest tertile of patients to 89.8% in those receiving the deepest sedation [19].
Furthermore, deep sedation initiated early in the course of treatment, such as in the emergency
department, has been identified as a potent predictor for the subsequent development of acute brain
dysfunction in the ICU—a composite measure of delirium and coma—with an adjusted odds ratio of
2.15 [10].

The presence of delirium is a critical determinant of patient prognosis, acting as an independent
predictor of both in-hospital mortality and long-term cognitive impairment following
discharge[20,39]. Sedation depth further complicates these outcomes by contributing to “rapidly
reversible” sedation-related delirium, which, although often transient when sedatives are held, still



reflects a period of brain dysfunction that can delay recovery. Meta-analytic findings emphasize that
light sedation strategies significantly increase the number of delirium-free and coma-free days during
the first 28 days of admission compared to deep sedation[13,17]. Additionally, the choice of
pharmacological agents is vital, as benzodiazepines are heavily implicated in transitioning patients to
delirious states, whereas using non-benzodiazepine sedatives like dexmedetomidine or propofol may

reduce delirium frequency and foster a more awake and interactive patient environment [2,20].

3.4. Sleep Architecture and Autonomic Function

Sleep architecture is profoundly disrupted in mechanically ventilated patients, with deep
sedation serving as a primary driver of these alterations. Synthesis of clinical data, particularly in
pediatric cohorts, demonstrates that deep sedation is associated with a significantly higher incidence
of NREM-1 and REM sleep stage loss compared to light sedation. While sedatives may increase the
total sleep duration and the proportion of deep sleep, they severely distort the physiological sleep cycle
and reduce overall sleep efficiency [6]. A critical advantage of light sedation strategies is the
facilitation of sleep recovery; patients managed with lighter targets exhibit more normalized sleep
cycles and better REM sleep restoration within the first 24 hours after weaning from mechanical
ventilation. These findings are clinically significant, as disrupted circadian rhythms and the loss of
sleep spindles—a key feature for memory integration—have been linked to prolonged ventilation and

increased mortality risk [6].

Depth of sedation also exerts a significant influence on autonomic nervous system (ANS)
function, which is essential for maintaining physiological stability in the intensive care unit [7].
Clinical evaluations using heart rate variability (HRV) analysis reveal that deep sedation is strongly
associated with the depression of parasympathetic nervous activity [7]. Specifically, markers of
parasympathetic tone, such as the high-frequency (HF) component, RMSSD, and pNN50, are
significantly lower in deeply sedated patients compared to those under light sedation. This reduction
in autonomic balance, frequently complicated by the use of benzodiazepines, may lead to
hemodynamic instability and an impaired ability to respond to external stressors. Emerging research
suggests that personalized HRV-based algorithms can discriminate between light and deep sedation
states with an accuracy of approximately 75%, offering a potential objective metric for titrating

sedation depth to preserve autonomic health [28].



3.5. Severe Respiratory Failure and P-SILI Risk

The relationship between sedation depth and clinical outcomes is heavily modulated by the
severity of the patient's respiratory failure, specifically when the PaO2/FiO2 ratio falls below 100 [3].
While light sedation is the international standard, a retrospective study found that in patients with
severe lung injury, it was associated with significantly fewer 28-day ventilator-free days compared to
deep sedation (0 days vs. 16 days), representing an adjusted mean reduction of 10.8 days [3]. This
phenomenon highlights spontaneous breathing as a "double-edged sword"; although it can improve
gas exchange and prevent diaphragm atrophy, the preservation of respiratory drive in high-acuity cases
may lead to deleterious effects like overdistension and patient-ventilator asynchrony.

These deleterious effects are encapsulated in the concept of Patient Self-Inflicted Lung Injury
(P-SILI), where strenuous spontaneous inspiratory efforts generate large negative swings in
intrathoracic pressure and excessive transpulmonary pressure swings [3]. Such physiological stress
can cause regional alveolar overstretch, increased pulmonary perfusion, and extravascular leakage,
ultimately exacerbating the original lung injury. Therefore, in the early phase of severe ARDS,
clinicians must balance the benefits of conscious sedation against the need to control respiratory effort
through strategies like neuromuscular blockade or deeper sedation, utilizing bedside tools such as
airway occlusion pressure (P0.1) to monitor and mitigate the risk of myotrauma and iatrogenic lung
damage [3, 33]

3.6. COVID-19 Specific Outcomes

The management of sedation for mechanically ventilated patients underwent a significant shift
during the COVID-19 pandemic, with approximately 72.4% of all patients experiencing early deep
sedation within the first 48 hours [9]. Data indicate that patients with COVID-19 were more frequently
maintained in deep sedation throughout their first week of care compared to non-COVID cohorts. This
practice is strongly associated with adverse survival outcomes; the mortality rate for deeply sedated
patients was nearly triple that of the light sedation group (30.4% vs 11.1%) [9]. Even after adjusting
for confounders, early deep sedation remained an independent predictor of hospital mortality with an
adjusted odds ratio of 3.44 [9]. Furthermore, clinical reports highlight a static approach to sedation in

this population, noting that 38.4% of COVID-19 patients remained deeply sedated until their death.



Beyond mortality, depth of sedation in COVID-19 patients profoundly impacted clinical
efficiency and resource utilization. Patients in the deep sedation group experienced significantly fewer
ventilator-free, ICU-free, and hospital-free days compared to those managed with lighter targets. These
patients also received significantly higher cumulative doses of fentanyl, propofol, midazolam, and
ketamine, and required neuromuscular blocking agents much more frequently than non-COVID
patients (41.4% vs. 2.1%) [9]. Maintaining light sedation was particularly challenging in this cohort,
as COVID-19-associated ARDS served as an independent risk factor for excessive respiratory drive
and failure to transition to assisted breathing. Specifically, COVID-19 patients were nearly seven times
more likely to require a transition back to deep sedation or controlled ventilation within 48 hours of an

initial attempt at spontaneous breathing.
4. Discussion

The shift from historical deep sedation practices toward targeting a "calm, conscious, and
cooperative" state is supported by robust clinical evidence demonstrating superior outcomes for the
majority of mechanically ventilated patients. Synthesis of current data indicates that early light
sedation (RASS 0 to -2) or daily sedation interruptions significantly reduce hospital mortality (9.2%
vs. 27.6% in large cohorts) and are associated with improved long-term survival up to two years post-
admission [5,17]. Beyond survival, light sedation targets facilitate earlier liberation from mechanical
ventilation and shorter ICU stays, primarily by reducing the incidence of delirium and preserving more
physiological sleep architecture [6,17,19]. Current international guidelines, such as the PADIS
recommendations, consequently advocate for the judicious use of non-benzodiazepine sedatives like
propofol or dexmedetomidine to achieve these lighter targets while minimizing iatrogenic harm [2,
13].

Despite these clear benefits, light sedation is not a "one size fits all" strategy and poses
significant challenges in high-acuity cases. In patients with severe lung injury (PaO2/FiO2 < 100), the
preservation of strong spontaneous breathing under light sedation can be a "double-edged sword",
leading to Patient Self-Inflicted Lung Injury (P-SILI) through excessive transpulmonary pressure
swings and overdistension [3]. Retrospective analysis has shown that in this specific sub-population,
light sedation may actually result in significantly fewer ventilator-free days compared to deep
sedation/muscle paralysis, necessitating a more controlled approach in the early phase of severe ARDS

[3]. Furthermore, maintaining wakefulness in intubated patients increases nursing workload and the



risk of unplanned extubations and patient-ventilator asynchronies, such as reverse-triggered breaths,

which are more frequent under light sedation [8,23,38]

The COVID-19 pandemic served as a critical stress test for these paradigms, revealing a
widespread return to early deep sedation (prevalent in over 70% of patients), which was independently
associated with a nearly triple-fold increase in mortality [9]. This highlights that even in a global crisis,
adhering to proven sedation protocols remains vital for patient survival. Moving forward, the
integration of advanced bedside monitoring—such as airway occlusion pressure (P0.1) to assess
respiratory drive and EEG-based tools or heart rate variability (HRV) algorithms—may provide the
objective data needed to accurately titrate sedation depth [3,13,26,28]. Ultimately, while light sedation
should remain the default clinical target for most ICU patients, clinicians must remain flexible and
tailor sedation depth to the severity of respiratory failure to balance patient comfort with the necessity
of lung protection [3,40]

5. Conclusions

The evidence synthesized in this analysis confirms that early light sedation (RASS 0 to -2)
should be the default clinical target for the majority of mechanically ventilated patients to improve
both survival and clinical efficiency [17]. Aggregate meta-analytic data demonstrate that light sedation
strategies significantly reduce hospital mortality compared to deep sedation (9.2% vs. 27.6%) and act
as a modifiable determinant of long-term recovery [5,13,17]. By facilitating earlier successful
extubation and higher rates of passing spontaneous breathing trials, light sedation effectively shortens
the duration of mechanical ventilation and ICU length of stay, thereby minimizing the iatrogenic risks

associated with prolonged immobility and unconsciousness [2,6,8,15,26].

Furthermore, targeting lighter levels of arousal is essential for preserving the neuro-
psychological health and physiological integrity of critically ill patients. Deep sedation is identified as
a primary driver of acute brain dysfunction, correlating with a significantly higher prevalence of
delirium and the severe distortion of sleep architecture, including the loss of critical REM and NREM-
1 stages [2,6,13,39]. The implementation of nurse-driven protocols and the prioritized use of non-
benzodiazepine sedatives, such as propofol or dexmedetomidine, provides a safe framework for
achieving these targets without increasing the risk of autonomic instability or sedation-related adverse
events [2,15,26].
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Despite these clear benefits, clinical management must remain nuanced and tailored to the
severity of the patient's respiratory failure [20]. In the specific high-acuity sub-population with severe
lung injury (PaO2/FiO2 < 100), light sedation can be a "double-edged sword" where excessive
spontaneous breathing effort may exacerbate lung damage through Patient Self-Inflicted Lung Injury
(P-SILI) [3,33,41]. In such cases, a more controlled approach, potentially involving short-term deep
sedation or neuromuscular blockade, may be necessary to ensure lung protection. Ultimately, the
modern ICU approach must balance the benefits of conscious, cooperative patients with the
physiological requirements of lung-protective ventilation to optimize long-term clinical outcomes
[4,13,33,37]
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