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Summary eClinicalMedicine
Background Sedation is routinely administered to critically ill patients to alleviate anxiety, discomfort, and patient- 2024;71: 102569
ventilator asynchrony. However, it must be balanced against risks such as delirium and prolonged intensive care
stays. This study aimed to investigate the effects of different levels of sedation in critically ill adults.
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Methods Systematic review with meta-analysis and trial sequential analysis (TSA) of randomised clinical trials

including critically ill adults admitted to the intensive care unit. CENTRAL, MEDLINE, Embase, LILACS, and
Web of Science were searched from their inception to 13 June 2023. Risks of bias were assessed using the
Cochrane risk of bias tool. Primary outcome was all-cause mortality. Aggregate data were synthesised with meta-
analyses and TSA, and the certainty of the evidence was assessed using the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) approach. This study is registered with PROSPERO:
CRD42023386960.

Findings Fifteen trials randomising 4352 patients were included, of which 13 were assessed high risk of bias. Meta-
analyses comparing lighter to deeper sedation showed no evidence of a difference in all-cause mortality (risk ratio
(RR) 0.94, 95% confidence interval (CI) 0.83-1.06; p = 0.28; 15 trials; moderate certainty evidence), serious
adverse events (RR 0.99, CI 0.92-1.06; p = 0.80; 15 trials; moderate certainty evidence), or delirium (RR 1.01, 95%
CI 0.94-1.09; p = 0.78; 11 trials; moderate certainty evidence). TSA showed that when assessing mortality, a
relative risk reduction of 16% or more between the compared interventions could be rejected.

Interpretation The level of sedation has not been shown to affect the risks of death, delirium, and other serious
adverse events in critically ill adult patients. While TSA suggests that additional trials are unlikely to significantly
change the conclusion of the meta-analyses, the certainty of evidence was moderate. This suggests a need for future
high-quality studies with higher methodological rigor.
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Research in context

Evidence before this study

In a preliminary search of PubMed, Web of Science, Embase,
and Cochrane Library databases, spanning from inception to
March 5th, 2024, for each database, we reviewed the existing
evidence on the effect of sedation on critically ill adult
patients. We used specific search terms “sedation OR
hypnotics” AND “critically ill OR critical care OR intensive care”
AND “adult” AND “meta-analyses”. A systematic review and
meta-analyses published in 2020 investigated the effect of
light sedation compared to deep sedation in critically ill adults
and found that the deeper sedation group had a significantly
increased risk for death. In contrast, a meta-analysis published
in 2021 showed in meta-analysis of the included randomised
trials showed no evidence of a difference in intensive care
mortality. Furthermore, a meta-analysis published in 2018
showed lower mortality rate in patients treated with lighter
sedation compared with deeper sedation.

Introduction

Patients with acute serious illnesses who require
intensive care admission, also require effective treat-
ment of associated discomfort, anxiety, agitation, and
pain that occurs during the process of resuscitation,
diagnostics, and subsequent management. The patient’s
ability to communicate discomfort and pain is often
compromised by the several factors including severity of
illness, altered mental status, medications, and the need
for organ support.' Clinical status changes frequently, so
clinicians need to continuously assess patient symptoms
to assure appropriate titration of sedatives and
analgesics.”’

In the short-term, sedatives are primarily used to
combat anxiety, agitation, and to prevent patient-
ventilator asynchrony. They also decrease the level of
consciousness and reduce the capacity of the patient to
respond to stimuli and interact with the environment.
Sedatives blunt the sympathetic response and may cause
cardiovascular dysfunction. In the medium-to long-
term, deep sedation is associated with prolonged length
of intensive care unit (ICU) stay and associated com-
plications such as delirium.** Post-traumatic stress dis-
order is common after acute serious illness and may be
related to sedative use or choice of sedative agent.* By
tailoring sedation to the patients’ needs and circum-
stances, health care providers can determine appropriate
level of sedation and manage adverse events. This can

Added value of this study

Thus, the previously conducted meta-analyses are
inconclusive and this study addresses the limitations of prior
meta-analyses by considering the risks of both systematic
errors and random errors including Trial Sequential Analysis
(TSA), that may enhance the robustness of our analysis and
provide a more comprehensive evaluation of the available
evidence.

Implications of all the available evidence

This meta-analysis suggests that the level of sedation does
not seem to affect the risks of death, serious adverse events,
or delirium in critically ill adult patients. While the TSA
indicates that additional trials are unlikely to significantly
change these findings, the moderate certainty of evidence
and the high risk of bias in the included studies highlights the
importance for future high-quality trials with increased
methodological rigour to ensure more reliable conclusions.

be achieved by considering patient-related factors such
as age, gender, past medical history, the trajectory of the
illness, and the pharmacological properties of the agents
used."”

In addition to these considerations, there has been a
long-standing discussion about the potential risks and
benefits of minimising the depth of sedation, particu-
larly in the general, non-brain-injured ICU
population.">*'* In patients with brain injury, there is an
additional need to manage increased intracranial pres-
sure and seizures and closely monitor the patient’s
response to stimuli. In practice clinicians often use
sedation scales to assess the effect of sedatives on anx-
iety, agitation, and level of consciousness, to alter the
dose of sedatives and target a level of sedation.””
Observational trials have shown a correlation between
deeper sedation and adverse outcomes, including mor-
tality and duration of mechanical ventilation.""> How-
ever, these studies possess inherent limitations, notably
incomplete adjustment for illness severity. For instance,
participants who are eligible for lighter sedation are
those who are least likely to have poor outcomes.
Adjusting for this confounding factor using observed
indices of illness severity presents challenges. Rando-
mised clinical trials are the most effective approach to
address this confounding. Despite several randomised
clinical trials addressing the question, the balance of
risk and benefit associated with light sedation is neither
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clear nor universally accepted in clinical practice. The
previously conducted meta-analyses have some impor-
tant limitations.*'*'* This study addresses the limitations
of prior meta-analyses by considering the risks of both
systematic errors and random errors including Trial
Sequential Analysis (TSA).” TSA, a methodology not
utilized in previous studies, may enhance the robust-
ness of our analysis, and provide a more comprehensive
evaluation of the available evidence. Accordingly, the
primary aim of this study was to investigate the associ-
ation of level of sedation with all-cause mortality by
undertaking a quantitative assessment of all relevant
published clinical trials. Secondary aims were to identify
associations between level of sedation, neurological
outcome, and serious adverse events. Our hypothesis
was that lighter sedation compared with deeper sedation
reduces the risk of death by 25% in critically ill adult
patients admitted to the ICU.

Methods

Search strategy and selection criteria

This systematic review, incorporating meta-analyses and
trial sequential analysis (TSA) of randomised clinical tri-
als, was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guideline. The PRISMA checklist was
used to guide the reporting process and ensure the in-
clusion of essential items for a high-quality systematic
review. The review protocol was registered prospectively
on the international prospective registry of systematic re-
views (CRD42023386960), and a pre-specified protocol
was published.” We searched all relevant databases
(Cochrane Central Register of Controlled Trials (CEN-
TRAL) in the Cochrane Library, MEDLINE, Embase, LI-
LACS, Web of Science Core Collection) from their
inception to 13 June 2023 and included randomised
clinical trials including critically ill adults admitted to ICU.
Trial inclusion required comparison of sedation with no
sedation or lighter sedation (however defined by the
included study) with deeper sedation. Studies comparing
any intervention with one group targeting lighter sedation
than the other group, were eligible for inclusion, irre-
spectively of methods (for example sedations scales,
sedation protocol, or type of sedative drug) used to achieve
this separation. Studies were not eligible if no separation
of targeted sedation depth could be identified.

Data analyses

The primary outcomes were all cause mortality at longest
follow-up. Secondary outcomes were serious adverse
events at any timepoint, poor neurological outcome
(defined by trialists) at longest follow-up, and delirium at
any time-point in the ICU admission. Exploratory out-
comes were PTSD and duration of mechanical ventila-
tion. In accordance with the Cochrane Handbook for
Systematic Reviews of Interventions, two authors
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independently reviewed each trial for risk of bias, using
the second version of the Cochrane risk of bias tool for
randomised trials (RoB2)."” We calculated risk ratios with
95% confidence intervals (CI) by using meta-analyses for
dichotomous outcomes. We performed meta-analyses by
following the Cochrane Handbook of Systematic Reviews
of Interventions, Keus and colleagues, and Jakobsen and
colleagues.” We used RStudio version 2022.02.3+492 to
analyse the data. We combined a visual inspection of
forest plots and statistical analyses to identify potential
heterogeneity. We performed subgroup analyses (based
on type of intervention, follow up time, and risk of bias)
for the outcomes all-cause-mortality, serious adverse
events and delirium to further investigate heterogeneity
and to inspire hypotheses for future studies. Aiming to
reduce the risk of type I and II errors, we used a multi-
plicity adjusted p-value and trial sequential analysis, by
dividing the prespecified p value threshold with the value
halfway between 1 (no adjustment) and the number of
primary and secondary outcome comparisons (Bonfer-
roni adjustment).” Cumulative meta-analyses are at risk
of random errors due to sparse data and multiple testing
of accumulating data. Therefore, TSA can be applied to
control these risks (http://www.ctu.dk/tsa/). Similar to a
sample size calculation in a randomised clinical trial,
TSA estimates the diversity-adjusted required informa-
tion size (DARIS) (ie, the number of participants needed
in a meta-analysis to detect or reject a certain intervention
effect) in order to minimise random errors. Using TSA
analyses, we pragmatically anticipated an intervention
effect equal to a risk ratio reduction (RRR) of 25%, as
recommended by the GRADE guidelines when previous
evidence do not provide other preliminary estimations.'®
Additionally, we used trial sequential analysis to define
the lowest intervention-effects-threshold we can confirm
or reject. We used the approach proposed by the Grading
of Recommendations, Assessment, Development and
Evaluation (GRADE) Working Group for rating the cer-
tainty of the evidence.” A comprehensive description of
the methods is provided in the Supplementary Materials
and published protocol.'®

Ethics approval and consent to participate
No formal approval or review of ethics is required for
this systematic review as individual patient data will not

be included.

Role of funding source

There was no funding source for this study. All authors
had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

The search strategy defined in the protocol found 17,621
publications that were evaluated to identify trials
matching our inclusion criteria. We included a total of
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15 trials randomising 4352 participants (Fig. 1).°*
Funnel plot of included trials showed a symmetrical
distribution around the effect estimate (risk ratio) sug-
gesting minimal risk of publication bias (see
Supplement Figure S1). Linear regression of the funnel
plot (Egger’s statistics) was not significant (inter-
cept —0.1953, standard error = 0.56, p-value = 0.73) and
this supported the visual inspection of the funnel plot
that there are no clear signs of publication bias. Four
trials with 2084 participants compared no sedation with
sedation. Eleven trials involving 2268 participants were
included to compare different sedation levels. Among
these trials, four focused on comparing daily interrup-
tion of sedatives to continuous sedation, one trial
compared intermittent sedation to daily interruption of
sedatives, and two trials compared lighter sedation
(defined as Motor activity assessment scale (MAAS) 3—4
or Modified Ramsey sedation scale level 1-2) to deeper
sedation (defined as MAAS 1-2 or Modified Ramsey

sedation scale level 3-4). Additionally, only four trials
specified the type of sedative used, comparing dexme-
detomidine to other sedatives. The characteristics of
included studies and definition of the separation of
sedation levels are presented in Supplement Table S1.
Most participants (1843 in 12 trials) were hemodynam-
ically unstable, and 1550 participants (10 trials) had
respiratory failure. A minority of participants (150 par-
ticipants in 7 trials) were trauma participants, 7 partic-
ipants (1 trial) were neurologically injured participants,
and no trials reported cardiac arrest participants. We
assessed 13 trials as being of high risk of bias and 2
trials of being low risk of bias (Fig. 2). The most com-
mon reason for high risk of bias was the lack of suc-
cessful blinding to treating clinicians which introduces
potential bias through deviations from the intended
intervention. The 15 included trials (Fig. 1) were
included in meta-analyses. Missing data on the primary
outcome constituted <5% of the overall data, and we

[ Identification of studies via databases and registers ]
Records removed before
c screening:
2 Duplicate records removed
§ Records identified from (n 24080)
= databases and registers (n > T
= - Records marked as ineligible
c =21701) - ~
) by automation tools (n =0)
2 Records removed for other
reasons (n =0)
\ 4
)
Records screened Records excluded
—>
(n =17621) (n =17549)
\4
Reports sought for retrieval Reports not retrieved
—>
2 (n=72) (n =0)
c
)
<
P v
Reports assessed for eligibility Reports excluded: _
(n=72) —» Separation of sedation level
(n=50)
Intervention not in the ICU (n
=4)
Trials not including adults (n
=1)
—
\4
)
= Studies included in review
3 (n =15)
S Reports of included studies
= (n =15)
—

Fig. 1: PRISMA flow diagram outlining study inclusion.
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Fig. 2: Risk of bias summary. Risk of bias summary for randomised controlled trials included in evidence. Synthesis. Risk of bias assessment
used Cochrane risk of bias tool 2 (RoB2). D1, bias arising from randomisation process; D2, bias due to deviations from intended intervention;
D3, bias due to missing outcome data; D4, bias in measurement of outcome; D5, bias in selection of reported result. +, low risk; ?, some
concerns; -, high risk? * This is regarding all-cause mortality and serious adverse event as outcome. ° High risk for outcomes delirium and
duration of mechanical ventilation. < High risk for the outcome PTSD. ¢ High risk of bias for the duration of mechanical ventilation outcome. ©

High risk for outcome delirium.

deemed the impact of missing data to be low; therefore,
we did not perform sensitivity analyses.

Primary outcome

All-cause mortality

Fifteen trials with a total of 4352 participants reported
all-cause mortality. A total of 739 (33.9%) of 2177 in the
lighter sedation group died compared to 748 (34.3%) of
2175 in the deeper sedation group. The timing of
outcome assessment varied between trials, ranging
from 28 days to 356 days after randomisation. Meta-
analysis showed no evidence of a difference in all-
cause mortality (risk ratio 0.94, 95% CI 0.83-1.06;
> = 20%; p = 0.28; 15 trials; moderate certainty evi-
dence) (Fig. 3; Table 1). Visual inspection of the forest
plot and quantitative measures of heterogeneity
(I* = 20.0%) did not show clear signs of heterogeneity
(Fig. 3). TSA showed that a relative risk reduction of
16% or more between the compared interventions could
be rejected (Figs. 4 and 5). We assessed this outcome
result as high risk of bias and the certainty of the evi-
dence as moderate (Table 1).

Secondary outcomes

Serious adverse events

Fifteen with a total of 4352 participants reported on
serious adverse events. The most commonly reported
serious adverse events (SAEs) included death (68.1% of
all reported SAE) and secondary delirium (31.9% of all
reported SAE). The assessment time points varied be-
tween trials, ranging from 28 days to hospital discharge,
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to 365 days after randomisation. A total of 883 (40.6%)
of 2177 trial participants had a serious adverse event in
the lighter sedation group compared with 893 (41.1%) of
2175 in the deeper sedation group. Meta-analysis
showed no evidence of a difference (risk ratio 0.99,
0.92-1.06; I = 0%; p = 0.80; 15 trials; moderate certainty
evidence) (Supplement Figure S2; Table 1). Quantitative
assessment of heterogeneity (I = 0%) combined with
visual inspection of the forest plot did not show signs of
significant heterogeneity (Supplement Figure S2). TSA
showed that a relative risk reduction of 9% or more
between the compared interventions could be rejected
(Supplement Figure S3 and S3a).

Neurological outcome
No trials reported on neurological outcome.

Delirium

Eleven trials with a total of 3368 participants reported on
delirium. Eight trials used Confusion Assessment
Method for the Intensive Care Unit (CAM-ICU), one
used Diagnostic and Statistical Manual fourth edition
(DSM-1V), and one used intensive care screening
delirium checklist.*~*¢ The assessment time points var-
ied between trials, ranging from 48 h, to ICU, to hos-
pital discharge, to 28 days after randomisation. A total of
570 (33.9%) of 1681 trial participants had delirium in
the lighter sedation group compared with 561 (33.2%) of
1687 in the deeper sedation group. Meta-analysis
showed no evidence of a difference (risk ratio 1.01,
95% CI 0.94-1.09; p = 0.78; 11 trials; moderate certainty
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Nasser 2014 60 —+ 0.69 [0.35; 1.37] 1.7% 2.7%
Olsen 2020 700 i 1.14 [0.95; 1.38] 16.6% 16.5%
Shehabi 2013 37 —1—0— 1.90 [0.42; 8.58] 0.3% 0.6%
SRLEF trial group 2018 1174 : 0.91 [0.81; 1.03] 37.7% 21.4%
Strom 2010 113 —+ 0.78 [0.50; 1.22] 3.4% 5.6%
Treggiari 2005 129 0.98 [0.48; 2.03] 1.5% 2.4%
Girard 2008 335 L 0.77 [0.62; 0.95] 12.4% 14.5%
Pandharipande 2007 103 — 0.63 [0.30; 1.33] 1.8% 2.3%
Samuelson 2008 36 3.00 [0.13; 68.97] 0.1% 0.1%
Abdelghany 2020 97 — 0.43 [0.09; 2.09] 0.6% 0.5%
Weisbrodt 2011 50 — 1.09 [0.61; 1.95] 1.5% 3.6%
Anifantaki 2009 97 — 0.87 [0.51; 1.50] 2.3% 4.0%
Common effect model é 0.95 [0.88; 1.02] 100.0% .
Random effects model : 0.94 [0.83; 1.06] 100.0%

T 1

Heterogeneity: /7 = 20%, t° = 0.0133, p = 0.23

0.1 051 2
Lighter sedation Deeper sedation

10
Outcome: All-cause mortality

Fig. 3: Random effects meta-analysis comparing lighter sedation versus deeper sedation for all-cause mortality. Random effects meta-
analysis comparing lighter sedation versus deeper sedation for all-cause mortality (risk ratio 0.94, 95% confidence interval 0.83-1.06;
p-val = 0.23; I> = 20%; 15 trials). The risk ratios show a favor of lighter sedation to the left and deeper sedation to the right.

evidence) (Supplement Figure S4; Table 1). Quantitative
measures of heterogeneity (I* = 20%) combined with
visual inspection of the forest plot did not show signs of
significant heterogeneity (Supplement Figure S4). TSA
showed that a relative risk reduction of 12% or more
between the compared interventions could be rejected
(Supplement Figure S5 and 5a).

Exploratory outcomes

Duration of mechanical ventilation

Five trials including 1024 participants reported on the
duration of mechanical ventilation. Meta-analyses
showed no evidence of a difference (mean differ-
ence —0.91 (CI —2.01 to 0.18), p = 0.10; I* = 0%; 5 trials)
(Supplement Figure S6). Quantitative measures of het-
erogeneity (I* = 0%) combined with visual inspection of
the forest plot did not show signs of significant het-
erogeneity (Supplement Figure S6).

Posttraumatic stress disorder

One study (60 participants) reported higher median
scores in the lighter sedation group using Impact of
Event Scale, indicating higher psychological distress at 6
months follow up.®” Two studies (138 participants) used
Impact of Event Scale Revised to report on post-
traumatic stress disorder (PTSD) 2 months and 4
weeks follow up.*® Six (8.6%) out of 70 participants had
PTSD in the lighter sedation group and 6 (8.8%) out of
68 participants had PTSD in the deeper sedation group.
Meta-analysis showed no evidence of a difference (risk

ratio 0.97, 95% CI 0.33-2.85; p = 0.95) (Supplement
Figure S7). Quantitative measures of heterogeneity
(I* = 0%) combined with visual inspection of the forest
plot did not show signs of significant heterogeneity
(Supplement Figure S7).

Other exploratory outcomes

No studies reported data on quality of life, mean arterial
blood pressure, body core temperature, or intracranial
pressure.

Subgroup analyses
None of the prespecified subgroup analyses showed
evidence of a difference (Supplement Figures S8-S16).

Discussion

In this systematic review with meta-analyses and trial
sequential analysis of data from 15 randomised clinical
trials and 4352 participants with moderate-level evi-
dence, we showed that level of sedation did not seem to
affect the risk of death in critically ill adults, based on
studies conducted to 13 June 2023. We found almost no
signs of statistical heterogeneity, and none of the pre-
defined subgroup analyses showed evidence of a dif-
ference in all-cause mortality, which supports the
validity of our meta-analysis results. We found no evi-
dence that the level of sedation affected delirium or
other serious adverse events. Further, we found no ev-
idence that the level of sedation affected duration of
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Lighter sedation compared to deeper sedation in critically ill adult patients.

Patients or population: Critically ill adult patient admitted to intensive care unit.
Setting: Admitted to intensive care unit.

Intervention: Lighter sedation.

Control: Deeper sedation.

Outcome Anticipated absolute effect size Relative effect size No of participants Certainty of evidence Comments
(95% Q1) (95% ClI) (studies) (GRADE)
Risk with control Risk with intervention
All-cause mortality (follow up 343 per 1000 339 per 1000 RR: 0.94 (0.83, 1.06) 4352 (15 RCT) Moderate® Risk of bias: Serious
range: 28 days-365 days) Inconsistency: No
Indirectness: No
Imprecision: No
Publication bias: No
Serious adverse events (follow 411 per 1000 406 per 1000 RR: 0.99 (0.92, 1.06) 4352 (15 RCT) Moderate® Risk of bias: Serious
up range: 28 days-365 days) Inconsistency: No
Indirectness: No
Imprecision: No
Publication bias: No
Delirium (follow up range: 7 332 per 1000 339 per 1000 RR: 1.01 (0.94, 1.09) 3368 (11 RCT) Moderate® Risk of bias: Serious
days-45 days) Inconsistency: No
Indirectness: No
Imprecision: No
Publication bias: No
PTSD (follow up range: 4 88 per 1000 85 per 1000 RR: 0.97 (0.33, 2,85) 138 (2 RCT) Low™” Risk of bias: Serious

Inconsistency: No
Indirectness: No
Imprecision: yes
Publication bias: No

weeks-2 months)

RR: Risk ratio Cl: Confidence interval; GRADE: GRADE Working Group grades of evidence. GRADE Working Group grades of evidence. High certainty: We are very confident that the true effect lies close to
that of the estimate of the effect Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect Very low certainty: We have very little
confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. Explanations: *Downgraded one for risk of bias. ®Downgraded one for imprecision due to
small sample size and wide confidence intervals. “The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% Cl).

Table 1: Summary of findings table for lighter sedation versus deeper sedation.

mechanical ventilation or post-traumatic stress disorder.
Finally, we found insufficient evidence to confirm or
reject the hypothesis that the level of sedation affected
neurological outcome. Among the fifteen included
studies, thirteen were deemed to have a high risk of
bias, primarily due to deviations from the intended
intervention. The lack of blinding in the study designs
extended to treating clinicians and outcome assessors,
who were aware of trial participants’ targeted sedation
levels. This could have influenced medical decisions,
potentially leading to adjustments in sedative dosages
and other treatment approaches. Consequently, unin-
tended deviations from the planned intervention might
have affected patient outcomes, impacting factors such
as recovery trajectories and clinical assessments. This
could impact the validity and reliability of the study re-
sults, thus the overall level of evidence of these studies is
moderate. The high risk of bias in these studies sug-
gests a need for future studies with higher methodo-
logical rigor to address this limitation and provide more
reliable results. It is difficult to blind the immediate
treatment providers and patients to the allocated seda-
tion level, however, other health care providers, outcome
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assessors, statisticians, and authors may be blinded to
reduce the impact of not being able to blind the im-
mediate treatment providers and patients.

The effects of different levels of sedation in critically
ill patients remain uncertain, and consequently, the
optimal assessment time point of mortality for such
patients are not established. It is crucial to ensure that
the duration of observation is sufficiently extended to
allow physiological processes the necessary time to
result in observable clinical events. However, the
observation period must not extend too long, this might
introduce events unrelated events to the intervention to
occur, which might compromise the statistical power.
Hence, for our primary analyses, we pragmatically
selected the time to longest follow up a prior, adhering
to this decision irrespectively of the study design or re-
sults, in accordance with the protocol.’®

Our study included randomised clinical trials where
it was possible to separate between different levels of
sedation, regardless of the methodological approach
used to define the targeted sedation level. The SPICE-III
trial, comparing dexmedetomidine with usual sedation,
aimed for “light sedation” using the RASS scale in both
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Fig. 4: Trial sequential analysis (TSA) of lighter sedation versus deeper sedation for all-cause mortality. Two-sided TSA graph of lighter
sedation versus deeper sedation for all-cause mortality in 15 trials. Diversity-adjusted required information size (DARIS) was calculated on basis
of all-cause mortality proportion in control group of 36.4%, relative risk reduction of 16% in experimental group, type | error (a) of 2%, and
type Il error () of 10% (90% power). Required information size was calculated to be 7085 participants. Cumulative z curve (red lines above and
under) did not cross trial sequential monitoring boundaries for either benefit or harm. Cumulative z curve did cross inner wedge futility line (red

outward sloping lines).

groups.” As a result, there was no separation of targeted
sedation levels, making it ineligible for inclusion in this
review. Notably, despite a slightly higher proportion of
patients with lighter RASS scores in the dexmedetomi-
dine group (56.6% vs. 51.8%), no significant difference
in outcomes was observed among the 4000 randomized
patients. We included studies that used a protocolised
approach to sedation, where one protocol aimed to
achieve a lighter sedation level than the other group.
The method used to achieve the targeted sedation level
was not a criterion for study inclusion. Two studies used
sedation scales (MAAS and modified Ramsey sedation
scale) to differentiate between levels of sedation, but
they used different types of sedation scales, and the
approach was not consistent. It should be noted that
using sedation scales to define levels of sedation is not
inherently better or worse than other methods, and
similarly, the protocolised sedation approach employed
in three other studies (using daily interruption of sed-
atives or intermittent sedation as the lighter sedation
group and continues as the deeper sedation group) is
not necessarily superior. However, the difference in
how the sedation scales were used in the two studies
and the variation in the protocolised sedation approach

used in these studies prevent direct comparisons of
these results. Additionally, it should be noted that in
some studies, the lighter sedation group may corre-
spond to the deeper sedation group in other studies,
making direct comparisons across studies classifying
the groups into deeper versus lighter sedation even
more challenging. For instance, two study used no
sedation versus sedation with daily interruption, while
three studies compared daily interruption with contin-
uous sedation. The variation in sedation approaches,
study design, and methods used to define sedation
levels can make it challenging to interpret the results of
these meta-analyses. The fact that different studies used
different sedation protocols, sedation scales, or no
sedation at all, means that the sedation levels achieved
in the studies may not be directly comparable. Although
our study did not find significant evidence of heteroge-
neity, it is essential to note that our results primarily
demonstrate the effect of lighter sedation compared to
deeper sedation aiming to achieve similar outcomes,
regardless of the specific method used to achieve the
targeted sedation level.

While the included studies used various methodol-
ogies to achieve the targeted sedation level, including
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Fig. 5: Trial sequential analysis (TSA) of lighter sedation versus deeper sedation for all-cause mortality. Two-sided TSA graph of lighter
sedation versus deeper sedation for all-cause mortality in 15 trials. Diversity-adjusted required information size (DARIS) was calculated on basis
of all-cause mortality proportion in control group of 36.4%, relative risk reduction of 25% in experimental group, type | error (a) of 2%, and
type Il error () of 10% (90% power). Required information size was calculated to be 2824 participants. Cumulative z curve (red lines above and
under) did not cross trial sequential monitoring boundaries for either benefit or harm. Cumulative z curve did cross inner wedge futility line (red

outward sloping lines).

sedation scales, protocolised sedation, interruption of
sedatives, and no sedation; the results showed consis-
tent effects of lighter sedation compared to deeper
sedation. Although this variation in methodology may
limit the reliability of the results, the fact that subgroups
of these different methodologies also showed the same
results increases the confidence in the overall findings.
Nevertheless, the results should be interpreted
cautiously, and further investigation and consideration
of the various methodologies addressed in future
studies. The lack of consensus on the definition of light,
moderate, and deep sedation makes it challenging to
evaluate the effect of the level of sedation on critically ill
patients. Confounding factors, such as the severity of
illness and underlying condition also affect the assess-
ment of sedation depth. Therefore, investigating the
effect of sedation is complex and warrants further high-
quality studies to optimise care in critically ill adult
patients.

TSA crossed the line of futility which adds to the
robustness of our findings. Even though this suggests
that additional trials are unlikely to change the conclu-
sion of the meta-analyses significantly, it is essential to
consider the moderate quality evidence included in the
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TSA, as this can impact the reliability and strength of
the conclusion. Dealing with low-moderate quality evi-
dence and high risk of bias can result in over- or un-
derestimation of the true effect size. Therefore, when
interpreting the TSA which are based on the effect es-
timate, it is important to consider the potential for bias
and imprecision in the included trials. Thus, further
research with similar methodologies used are unlikely
to result in new findings, this study shows that future
research must include refined methods and patient se-
lection to determine if the level of sedation effects
mortality. Specifically, future studies should aim to
address the limitations of current evidence by using
standardised methodology to assess the sedation depth
and blinding of study participants and outcome asses-
sors to reduce the risk of bias.

Our review has several strengths. Our method was
predefined in detail, and the protocol was published
before we performed our literature search. We searched
all relevant databases, used an eight-step assessment
suggested by Jakobsen and colleagues to assess our re-
sults’ clinical significance, and we used TSA to reduce
the risks of type I and type II errors.”* Furthermore, we
did meta-analyses with both fixed effects and random
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effects meta-analysis, we investigated subgroup differ-
ences, and we assessed the certainty of the evidence
through GRADE.

The main limitation of our review is the low-
moderate methodological quality of the included trials,
with most of the included trials were at high risk of bias.
The inclusion of active comparator trials is a potentially
complicating factor regarding interpretation of the re-
sults. The limitation of including active comparator tri-
als (lighter versus deeper sedation, dexmedetomidine
versus propofol, midazolam, and lorazepam, daily
interruption versus continuous sedation) compared to
intervention versus control (no sedation versus seda-
tion) can complicate the interpretation of the results, as
the results of active comparator trials can be influenced
not only by the level of sedation but also by choice of
sedatives and factors such as patient characteristics or
clinical setting. Similarly, in trial comparing dexmede-
tomidine versus propofol, differences in pharmacolog-
ical properties of the two drugs may impact the results,
in addition to differences in the level of sedation.
However, in the absence of heterogeneity between trials,
as in our study, this should not be considered limiting to
our results. Aiming to be inclusive, we accepted various
patients and interventions. Furthermore, it is important
to consider that the randomised clinical trials may have
a potential weakness in this context, as they may not
have included the sickest adult critically ill patients due
lack of equipoise regarding lighter or deeper sedation.
As a result, the trials may not have provided a compre-
hensive representation of the entire critically ill popu-
lation. The inclusion of the most severely ill patients in
the trials might have limited the ability to detect a
mortality benefit associated with either lighter or deeper
sedation strategies, leaving the question unanswered.
Another limitation is in the secondary outcome
delirium, where the assessment quality varies among
studies, potentially impacting results. For instance,
assessment frequency differs, ranging from one time-
point to daily assessments, and some studies lack
detailed descriptions of the assessment methodology.

Guidelines suggest targeting lighter sedation or us-
ing daily awakening test to improve short-term out-
comes, with low quality evidence."* This study shows
that lighter sedation compared to deeper sedation does
not seem to affect mortality and other selected out-
comes. However, it remains unknown whether this
applies regardless the methods used to achieve the tar-
geted sedation such as choice of sedative drug, choice of
sedation scale used, or protocolised sedation. Our re-
sults suggest little to no difference in effect of the level
of sedation, and we could reject a relative risk reduction
of at least 16%. We acknowledge that a relative risk
reduction of less than 16% may still be clinically rele-
vant. Level of sedation may be investigated in further
adequately powered high quality randomised trials,
including a health economics perspective, to define

implications for patients and society. Moreover, there is
a notable paucity of studies specifically investigating the
optimal level of sedation in patient populations such as
brain injured patients and cardiac arrest patients, who
pose unique challenges in sedation management. These
critical patient groups, which often require intensive
care management, are frequently excluded from rand-
omised clinical trials assessing sedation strategies in
critically ill patients. In particular, altered consciousness
and neurological deficits in brain injured patients
contribute to the complexity of accurately assessing and
monitoring sedation levels, making using sedation
scales difficult. Consequently, the generalisability of our
findings to these relevant populations remains to be
determined.

In summary, the level of sedation did not seem to
affect the risks of death, serious adverse events, or
delirium in critically ill adult patients. While the TSA
suggests that additional trials are unlikely to signifi-
cantly change the conclusion of the meta-analyses, the
certainty of the evidence was only moderate. This sug-
gests a need for future high-quality trials with increased
methodological rigour to address this limitation and
provide more reliable results.
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