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Sedation management in mechanically ventilated intensive care 
unit patients: Meta-analysis review

ABSTRACT
Sedation is crucial for managing mechanically ventilated intensive 
care unit (ICU) patients, but agents differ in their effects. Propofol, 
benzodiazepines and α₂-agonists are commonly used, yet their com-
parative impact remains unclear. This review searched OVID 
MEDLINE and Embase from January 2006 to June 2025 for randomised 
controlled trials in adult ICU patients. The primary outcome was 
duration of mechanical ventilation; secondary outcomes were ICU 
length of stay, delirium and mortality. Twenty-six trials (N = 4,993) 
were included. Dexmedetomidine significantly shortened mechanical 
ventilation (mean difference [MD] –0.60 days; 95 % CI –0.89 to –0.31), 
with larger effects versus midazolam (MD –1.25 days) and mixed com-
parators (MD –1.23 days), but not versus propofol (MD –0.34 days). ICU 
stay was also reduced (MD –0.94 days; 95 % CI –1.49 to –0.39). Delirium 
risk decreased (odds ratio [OR] 0.58; 95 % CI 0.38–0.87). No mortality 
difference was found. Dexmedetomidine is therefore associated with 
a modest but clinically meaningful reduction in ventilation time, ICU 
stay and delirium, particularly when compared with benzodiaze-
pines, though benefits over propofol are less certain.

Keywords: dexmedetomidine, sedation, mechanical ventilation, inten-
sive care unit, midazolam

INTRODUCTION

Sedation is a fundamental component of care for critically ill patients receiving invasive 
mechanical ventilation (MV) in the intensive care unit (ICU) (1). While it is necessary to 
alleviate pain, reduce anxiety, and facilitate ventilator synchrony, excessive or inappropriate 
sedation has been associated with adverse outcomes, including prolonged ventilation, 
increased incidence of delirium and higher mortality (2–4). Evidence from trials and guide-
line recommendations consistently supports the use of the minimum possible level of seda-
tion to reduce the risks of prolonged ventilation, delirium and adverse outcomes (5, 6).

A variety of sedative agents are currently used in intensive care units, most com-
monly propofol, benzodiazepines such as midazolam and lorazepam, and alpha-2 adre
nergic receptor agonists, including dexmedetomidine and clonidine (1). Propofol and 
midazolam remain the most frequently administered agents in many countries due to 
familiarity, ease of titration and cost considerations (1, 7). However, concerns have been 
raised about benzodiazepines given their association with increased rates of delirium and 
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prolonged sedation. Dexmedetomidine, a selective alpha-2 agonist, has emerged as a 
widely used alternative and is recommended particularly when light sedation or delirium 
prevention (8). Previous studies suggest that dexmedetomidine may reduce the risk of 
delirium compared with propofol and benzodiazepines, although it does not show a clear 
benefit on major clinical outcomes such as mortality and duration of mechanical ventila-
tion (9, 10). Clonidine, another alpha-2 agonist with broader receptor activity, is used in 
some ICUs due to its lower cost and availability in both intravenous and enteral formula-
tions. However, high-quality comparative data on clonidine are limited, and its role in ICU 
sedation remains less defined (11).

Despite numerous studies and systematic reviews, prescribing patterns remain hetero-
geneous, and the optimal sedative regimen continues to be debated. Previous reviews were 
conducted prior to the publication of recent large-scale trials, and few have directly com-
pared multiple agents with a consistent focus on clinically meaningful outcomes (12–14).

To address this gap, we conducted this meta-analysis to provide an updated summary 
of current evidence about sedation strategies in mechanically ventilated ICU patients. We 
aimed to assess the effect of different sedative regimens on the duration of mechanical 
ventilation, with secondary analyses of ICU stay, mortality, delirium and adverse events.

EXPERIMENTAL

Search strategy and selection criteria
This report followed the Preferred Reporting Items for Systematic Reviews and Meta- 

-Analyses (PRISMA) statement (15) (Table SI). The following electronic databases were 
searched: OVID MEDLINE and Embase from January 2006 to June 2025. Full details of the 
search strategy are provided in Supplementary Table SII.

We included randomised controlled trials (RCTs) that evaluated sedation strategies 
for adults (≥ 18 years old) receiving invasive mechanical ventilation in intensive care unit 
settings. To be included, studies needed to report the primary clinical outcome, which is 
the duration of MV, at least. Results were limited to the English language. Conference 
abstracts were excluded due to insufficient data for quality assessment, along with inac-
cessible studies, case reports, and editorials. Studies focusing on perioperative sedation or 
without reporting the duration of MV were excluded.

Titles and abstracts of all identified studies were independently reviewed by three 
reviewers using eligibility criteria. Studies included for full-text screening were also 
reviewed by independent reviewers. Disagreements were resolved through consensus 
discussion, with consultation of an additional reviewer if needed.

Data extraction
Authors independently extracted the following data from each article using a stan-

dardized study form: (i) study information, including geographic location, publishing 
year, research design, sample size, length of following up and number of institutions 
included; (ii) characteristics of participants, including mean/median age, percentage of 
women, specialties, ethnicity, sedatives used, sedation scale, and (iii) weaning protocol use 
outcomes, including all clinical outcomes mentioned below, and data for calculating effect 
size (e.g., days, number of events, mean, odds ratio).
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The primary outcome is the duration of MV. Secondary outcomes are ICU length of 
stay, all-cause mortality, and delirium at ICU admission. Two authors independently 
reviewed each trial for risk of bias, using the second version of the Cochrane risk of bias 
tool for randomised trials (RoB2).

Statistical analysis
The effect sizes were measured using odds ratio (OR) and mean difference (MD) for 

binary and continuous outcomes, resp., with respective 95 % confidence interval (CI) and 
p-value. A random-effects model was used to give a more conservative estimate of the 
effect of individual therapies, allowing for any heterogeneity among studies. Heterogeneity 
among studies was evaluated by the I2 test (16), with values greater than 50 % suggesting 
substantial heterogeneity. Subgroup analyses, defined a priori (sedative agents), were done 
to explore potential sources of heterogeneity.  Cochrane Collaboration’s tool for assessing 
risk of bias in RCTs (RoB 2) (17) was used to assess study quality (Table SII). Bias secondary 
to small study effects was investigated using funnel plots and the Egger test. We used R, 
version 4.4.1 (R Foundation for Statistical Computing, Austria) for all analyses. Statistical 
tests were 2-sided and used a significance threshold of p < 0.05.

RESULTS AND DISCUSSION

The search strategy defined in the protocol found 4,682 publications. We included a 
total of 27 trials, randomising 4,993 participants from 26 studies (18–43). The results of the 
search and reasons for study exclusion are detailed in Fig. 1. Studies were conducted across 

Fig. 1. PRISMA diagram.
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Table I. Summary of the included papers

Report outcome Agent for sedation Sample 
size Country Ref.

MV duration + mortality + ICU LOS Dexmedetomidine vs. midazolam/
propofol 70 Switzerland 26

MV duration + mortality + ICU LOS Lorazepam vs. propofol 132 USA 19

MV duration + delirium + ICU LOS Dexmedetomidine vs. propofol 200 China 31

MV duration + ICU LOS Dexmedetomidine vs. propofol 72 India 36

MV duration + ICU LOS Dexmedetomidine vs. midazolam 60 Egypt 18
MV duration + delirium + mortality 
+ ICU LOS Ciprofol vs. propofol 135 China 32

MV duration + delirium + mortality 
+ ICU LOS Dexmedetomidine vs. control 90 South Korea 29

MV duration + delirium + mortality 
+ ICU LOS

Dexmedetomidine vs. midazolam/
propofol 37 Australia/

New Zealand 41

MV duration + delirium + mortality 
+ ICU LOS Dexmedetomidine vs. lorazepam 106 USA 35

MV duration + delirium + ICU LOS Dexmedetomidine vs. propofol 60 Taiwan 20
MV duration + delirium + mortality 
+ ICU LOS

Dexmedetomidine vs. midazolam/
propofol 85 Europe 40

MV duration + mortality + ICU LOS Dexmedetomidine vs. propofol 80 China 30

MV duration + ICU LOS Sevoflurane vs. propofol 99 Sweden 25

MV duration + ICU LOS Dexmedetomidine vs. midazolam 40 India 24

MV duration + ICU LOS Dexmedetomidine vs. midazolam 500 Europe 27

MV duration + ICU LOS Dexmedetomidine vs. propofol 498 Europe 27
MV duration + delirium + mortality 
+ ICU LOS Dexmedetomidine vs. midazolam 23 USA 33

MV duration + delirium + ICU LOS Dexmedetomidine vs. midazolam/
propofol 85 Switzerland 40

MV duration + mortality + ICU LOS Dexmedetomidine vs. placebo 20 Australia 38

MV duration + mortality + ICU LOS Dexmedetomidine vs. placebo 71 Australia 37
MV duration + delirium + mortality 
+ ICU LOS Dexmedetomidine vs. midazolam 366 USA 39

MV duration + delirium + mortality 
+ ICU LOS Dexmedetomidine vs. placebo 299 Australia 42

MV duration + ICU LOS Dexmedetomidine vs. ketofol 24 Egypt 23

MV duration + delirium + ICU LOS Dexmedetomidine vs. propofol 183 Canada 22

MV duration + mortality + ICU LOS Dexmedetomidine vs. clonidine vs. 
propofol 1,404 UK 43

MV duration + delirium + mortality 
+ ICU LOS Dexmedetomidine vs. propofol 89 USA 21

MV duration + delirium + mortality 
+ ICU LOS Dexmedetomidine vs. midazolam 101 Iran 34

MV duration Dexmedetomidine vs. propofol 64 Turkey 28

ICU – intensive care unit, MV – mechanical ventilation, LOS – length of stay
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a broad range of clinical and geographical settings. Most of the trials were developed in 
North America (n = 6) and Europe (n = 7). Most studies enrolled mixed medical-surgical 
ICU populations, though several focused on post-cardiac surgery or trauma patients. 
Detailed study characteristics are provided in Table I.

Duration of mechanical ventilation
There are 25 RCTs comparing dexmedetomidine with other sedatives in adult patients 

receiving invasive mechanical ventilation (Fig. 2) (18, 20–24, 26–31, 33–43). In the primary 
random-effects meta-analysis, dexmedetomidine was associated with a modest but statis-
tically significant reduction in MV duration (mean difference [MD] –0.60 days; 95 % CI 
–0.89 to –0.31; p < 0.001), though with substantial heterogeneity (I² = 99 %).

Group analyses revealed variation by the comparator agent applied. Compared with 
midazolam (6 studies), dexmedetomidine significantly reduced ventilation time (MD –1.25 
days; 95 % CI –2.30 to –0.20; p = 0.028; I² = 98.1 %) (Fig. 3). No significant difference was 
observed versus propofol (8 studies, MD –0.34 days; 95 % CI –0.74 to 0.07; p = 0.090; I² = 99.6 %) 
(Fig. S1). In studies with mixed comparators (4 studies), dexmedetomidine again showed a 
significant benefit (MD –1.23 days; 95 % CI –2.41 to –0.04; p = 0.046; I² = 17.8 %) (Fig. S2).

Three additional trials evaluated other sedative comparisons outside the scope of the 
main analysis. Liu et al. (32) reported in 2023 a mean ventilation duration of 4.8 days (stan-
dard deviation, SD, 0.9 days) with ciprofol, compared to 5.3 days (SD 1.1 days) with propo-
fol. Hellström et al. in 2012 (25) found similar durations in post-cardiac surgery patients 
receiving sevoflurane (mean 0.13 ± 0.05 days) and propofol (0.15 ± 0.05 days). In contrast, 
Shannon et al. in 2006 (19) observed substantially longer ventilation in patients sedated 
with lorazepam (mean 16.8 days) compared to those receiving propofol (7.7 days).

Fig. 2. Forest plot of duration of MV comparing dexmedetomidine to other sedative agents
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Length of ICU stay

A meta-analysis of 23 randomised controlled trials evaluating dexmedetomidine versus 
other sedatives reported a pooled mean difference in ICU length of stay of –0.94 days (95 % 
CI –1.49 to –0.39; p = 0.002), indicating a statistically significant reduction in ICU length of 
stay associated with dexmedetomidine use. Substantial between-study heterogeneity was 
observed (I² = 97.2 %), suggesting variability in effect estimates across trials (Fig. 4).

Mortality and delirium

A total of 15 trials reported mortality data comparing dexmedetomidine with alterna-
tive sedative agents. Meta-analysis demonstrated no statistically significant difference in 
all-cause mortality between groups (odds ratio [OR], 0.84; 95 % CI 0.70 to 1.01; p = 0.062) 
(Fig. S3).

Fig. 3. Forest plot of duration of MV comparing dexmedetomidine to midazolam.

Fig. 4. Forest plot of length of ICU stay comparing dexmedetomidine to other sedative agents.
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The association with delirium was reported in 13 trials. Dexmedetomidine was asso-
ciated with a significantly lower odds of developing delirium (OR, 0.58; 95 % CI 0.38 to 0.87; 
p = 0.0137; I² = 44.7 %) (Fig. S4).

A funnel plot of the included trials for the primary outcome (duration of mechanical 
ventilation) is shown in Fig. S5. Egger’s regression test did not indicate statistically signi
ficant asymmetry (intercept = –3.27, p = 0.138), suggesting no strong evidence of publication 
bias.

This meta-analysis synthesises evidence from 26 randomised controlled trials evalu-
ating the clinical effects of dexmedetomidine compared with other sedative agents in 
mechanically ventilated adult ICU patients. The findings demonstrate that dexmedetomi-
dine is associated with a modest but statistically significant reduction in the duration of 
mechanical ventilation and ICU stay. It was also associated with a significantly lower 
incidence of delirium, although no difference in all-cause mortality was observed com-
pared with other sedatives.

Our findings are broadly consistent with prior evidence suggesting that dexmedeto-
midine, through its selective α₂-adrenoceptor agonism, facilitates a lighter, more rousable 
sedation state that may support earlier weaning and reduced ventilator dependence. 
Randomised trials, such as those by Jakob et al. (27) and Riker et al. (39), reported signifi-
cantly shorter time to extubation with dexmedetomidine compared to midazolam, and 
these results have been reinforced by meta-analyses demonstrating reduced ventilation 
duration and ICU stay, particularly when compared with benzodiazepines. These benefits 
have been attributed to preserved respiratory drive, reduced risk of oversedation, and 
improved patient-ventilator synchrony. However, such effects are not consistently 
observed in comparisons with other sedatives like propofol. Trials focusing on dexmede-
tomidine, including the SPICE III trial (44) and the MENDS 2 trial (45), have shown mini-
mal differences. These neutral findings may reflect the similar pharmacokinetic proper-
ties of dexmedetomidine and propofol, and their shared capacity to facilitate light, 
titratable sedation with rapid offset, in contrast to the prolonged effects seen with 
benzodiazepines.

The observed benefits of dexmedetomidine appear more distinct when compared 
with benzodiazepines, particularly midazolam, a finding supported by previous studies 
(46, 47). Benzodiazepines have been associated with delayed emergence from sedation, 
prolonged ventilation, and increased risk of ICU-acquired delirium, especially when used 
continuously and without protocolised light sedation targets. These pharmacological 
effects (46, 47) are largely attributable to their longer half-lives, active metabolites, and 
gamma-aminobutyric acid-related (GABAergic) mechanisms, which can impair arousal 
and cognitive recovery. In contrast, dexmedetomidine promotes a lighter, more rousable 
sedation without respiratory depression, which may support earlier assessment for extu-
bation (48). However, this comparative advantage is context-dependent. When compared 
with propofol, the differences in clinical outcomes like ventilation duration and delirium 
appear attenuated (49, 50). While dexmedetomidine may offer advantages in specific popu
lations or settings, especially where preservation of cognitive function or communication 
is prioritised, propofol remains a mainstay of ICU sedation due to its tiltability and hemo-
dynamic profile (49, 50). These findings highlight the need for individualised sedative 
selection, tailored to patient condition, therapeutic goals, and care setting, rather than 
generalised assumptions about drug superiority.
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It is important to note that our meta-analyses of secondary outcomes, including ICU 
length of stay, delirium and mortality, were restricted to studies that reported the primary 
outcome of mechanical ventilation duration. As a result, several trials that may have pro-
vided relevant data on these secondary endpoints were not included. This introduces the 
possibility of selective outcome availability, which could influence pooled estimates and 
limit the comprehensiveness of our synthesis for these outcomes. While the decision to 
focus on studies reporting the primary outcome ensured consistency in the study popula-
tion and intervention comparison, it may have excluded valuable information from other-
wise rigorous trials that did not report ventilation duration. Future reviews may consider 
a broader inclusion framework when addressing secondary endpoints.

Limitations of the study

This study has several limitations. First, heterogeneity in ventilation duration was 
moderate to high, reflecting variation in ICU protocols, sedation targets, comparator 
drugs, and patient populations. Subgroup analyses by comparator class addressed some 
of this, but residual variation remains. Second, many included studies were small and 
single-centred, which may limit generalisability and inflate effect size estimates. 
Additionally, pooling of continuous outcomes such as ventilation duration and ICU stay 
required conversion from medians and interquartile ranges to means and standard devi-
ations using statistical approximations. These conversions assume normal distributions 
and may bias results, particularly in skewed datasets. Finally, extubation-related outcomes 
such as ventilator-free days or predefined extubation windows were not consistently 
reported, limiting our ability to assess more nuanced measures of ventilator liberation. 
Future trials should aim to adopt uniform sedation and extubation endpoints and ensure 
comprehensive reporting of outcomes.

CONCLUSIONS

This meta-analysis provides updated evidence that dexmedetomidine, when com-
pared with other commonly used sedatives in adult ICU patients receiving mechanical 
ventilation, is associated with modest reductions in ventilation duration and ICU stay, and 
a significantly lower incidence of delirium. These benefits were most evident in compari-
sons with benzodiazepines, while differences were attenuated when compared with 
propofol. These findings reinforce current guideline recommendations favouring non-
benzodiazepine sedatives and suggest that dexmedetomidine may be a useful component 
of light-sedation strategies in selected ICU populations. Further large-scale trials are 
warranted to clarify its role across diverse clinical settings, especially in comparison with 
propofol and in patient groups at high risk of sedation-related complications.

Acronyms, abbreviations, symbols. – CI – confidence interval, GABA – gamma-aminobutyric acid, 
ICU – intensive care unit, LOS – length of stay, MD – mean difference, MV – mechanical ventilation, 
OR – odds ratio, PRISMA – preferred reporting items for systematic reviews and meta-analyses, RCT 
– randomised controlled trial, RoB 2 – risk of bias 2 tool (Cochrane), SD – standard deviation.

Availability of data and materials. – All data generated or analyzed during this study are included 
in the published article.

Competing interests. – The authors declare that they have no competing interests.



9

F. Yuan and D. Liu: Sedation management in mechanically ventilated intensive care unit patients: Meta-analysis, Acta Pharm. 75 (2025) 
260003.

	

Funding. – This study was supported by the Scientific Research Projects of Hubei Polytechnic 
University (23xjz05Y), PR China.

Authors contributions. – Conceptualisation, D.L.; methodology, D.L.; investigation, F.Y.; formal 
analysis, F.Y.; visualisation, F.Y.; validation, D.L.; writing, original draft preparation, F.Y.; writing, 
review and editing, D.L.; funding acquisition, F.Y. Both authors have read and agreed to the pub-
lished version of the manuscript.

REFERENCES

	 1.	� M. C. Reade and S. Finfer, Sedation and delirium in the intensive care unit, N. Engl. J. Med. 370(5) 
(2014) 444−454; https://doi.org/10.1186/cc7890

	 2.	� S. Ouimet, B. P. Kavanagh, S. B. Gottfried and Y. Skrobik, Incidence, risk factors and consequences 
of ICU delirium, Intensive Care Med. 33(1) (2007) 66−73; https://doi.org/10.1007/s00134-006-0399-8

	 3.	� Y. Shehabi, L. Chan, S. Kadiman, A. Alias, W. N. Ismail, M. A. Tan, T. M. Khoo, S. B. Ali, M. A. 
Saman, A. Shaltut, C. C. Tan, C. Y. Yong and M. Bailey, Sedation depth and long-term mortality 
in mechanically ventilated critically ill adults: A prospective longitudinal multicentre cohort 
study, Intensive Care Med. 39(5) (2013) 910−918; https://doi.org/10.1007/s00134-013-2830-2

	 4.	� Y. Shehabi, R. Bellomo, M. C. Reade, M. Bailey, F. Bass, B. Howe, C. McArthur, I. M. Seppelt, S. 
Webb and L. Weisbrodt, Early intensive care sedation predicts long-term mortality in ventilated 
critically ill patients, Am. J. Respir. Crit. Care Med. 186(8) (2012) 724−731; https://doi.org/10.1164/
rccm.201203-0522OC

	 5.	� J. Barr, G. L. Fraser, K. Puntillo, E. W. Ely, C. Gélinas, J. F. Dasta, J. E. Davidson, J. W. Devlin, J. P. 
Kress, A. M. Joffe, D. B. Coursin, D. L. Herr, A. Tung, B. R. Robinson, D. K. Fontaine, M. A. Ramsay, 
R. R. Riker, C. N. Sessler, B. Pun, Y. Skrobik and R. Jaeschke, Clinical practice guidelines for the 
management of pain, agitation, and delirium in adult patients in the intensive care unit, Crit. Care 
Med. 41(1) (2013) 263−306; https://doi.org/10.1097/CCM.0b013e3182783b72

	 6.	� A. Ceric, J. Holgersson, T. L. May, M. B. Skrifvars, J. Hästbacka, M. Saxena, A. Aneman, A. Dela
ney, M. C. Reade, C. Delcourt, J. C. Jakobsen and N. Nielsen, Effect of level of sedation on outcomes 
in critically ill adult patients: a systematic review of clinical trials with meta-analysis and trial 
sequential analysis, eClinicalMedicine 71 (2024) Article ID 102569 (12 pages); https://doi.org/10.1016/j.
eclinm.2024.102569

	 7.	� A. Richards-Belle, R. R. Canter, G. S. Power, E. J. Robinson, H. Reschreiter, H. Wunsch and S. E. 
Harvey, National survey and point prevalence study of sedation practice in UK critical care, Crit. 
Care 20(1) (2016) Article ID 355; https://doi.org/10.1186/s13054-016-1532-x

	 8.	� K. Lewis, M. C. Balas, J. L. Stollings, M. McNett, T. D. Girard, G. Chanques, M. E. Kho, P. P. Pand-
haripande, G. L. Weinhouse, N. E. Brummel, L. L. Chlan, M. Cordoza, J. J. Duby, C. Gélinas, E. L. 
Hall-Melnychuk, A. Krupp, P. R. Louzon, J. A. Tate, B. Young, R. Jennings, A. Hines, C. Ross, K. 
L. Carayannopoulos and  J. M. Aldrich, A focused update to the clinical practice guidelines for 
the prevention and management of pain, anxiety, agitation/sedation, delirium, immobility, and 
sleep disruption in adult patients in the ICU, Crit. Care Med. 53(3) (2025) e711−e727; https://doi.
org/10.1097/ccm.0000000000006574

	 9.	� K. Lewis, F. Alshamsi, K. L. Carayannopoulos, A. Granholm, J. Piticaru, Z. Al Duhailib, D. Chaud-
huri, L. Spatafora, Y. Yuan, J. Centofanti, J. Spence, B. Rochwerg, D. Perri, D. M. Needham, A. 
Holbrook, J. W. Devlin, O. Nishida, K. Honarmand, B. Ergan, E. Khorochkov, P. Pandharipande, 
M. Alshahrani, T. Karachi, M. Soth, Y. Shehabi, M. H. Møller and W. Alhazzani, on behalf of the 
GUIDE group, Dexmedetomidine vs other sedatives in critically ill mechanically ventilated 
adults: a systematic review and meta-analysis of randomized trials, Intensive Care Med. 48(7) 
(2022) 811−840; https://doi.org/10.1007/s00134-022-06712-2

https://link.springer.com/article/10.1007/s00134-022-06712-2#auth-Yahya-Shehabi-Aff21
https://link.springer.com/article/10.1007/s00134-022-06712-2#auth-Morten_Hylander-M_ller-Aff4
https://link.springer.com/article/10.1007/s00134-022-06712-2#auth-Waleed-Alhazzani-Aff1-Aff2


10

F. Yuan and D. Liu: Sedation management in mechanically ventilated intensive care unit patients: Meta-analysis, Acta Pharm. 75 (2025) 
260003.

	

10.	� K. Heybati, F. Zhou, S. Ali, J. Deng, D. Mohananey, P. Villablanca and H. Ramakrishna, Outcomes 
of dexmedetomidine versus propofol sedation in critically ill adults requiring mechanical ventila-
tion: A systematic review and meta-analysis of randomised controlled trials, Br. J. Anaesth. 129(4) 
(2022) 515−526; https://doi.org/10.1016/j.bja.2022.06.020

11.	� L. Smit, S. M. A. Dijkstra-Kersten, I. J. Zaal, M. van der Jagt and A. J. C. Slooter, Haloperidol, 
clonidine and resolution of delirium in critically ill patients: a prospective cohort study, Intensive 
Care Med. 47(3) (2021) 316−324; https://doi.org/10.1007/s00134-021-06355-9

12.	� Z. Zhang, K. Chen, H. Ni, X. Zhang and H. Fan, Sedation of mechanically ventilated adults in 
intensive care unit: A network meta-analysis, Sci. Rep. 7(1) (2017) Article ID 44979 (10 pages); 
https://doi.org/10.1038/srep44979

13.	� K. Chen, Z. Lu, Y. C. Xin, Y. Cai, Y. Chen and S. M. Pan, Alpha-2 agonists for long-term sedation 
during mechanical ventilation in critically ill patients, Cochrane Database Syst. Rev. 2015(1) (2015) 
Article ID CD010269 (80 pages); https://doi.org/10.1002/14651858.CD010269.pub2

14.	� G. L. Fraser, J. W. Devlin, C. P. Worby, W. Alhazzani, J. Barr, J. F. Dasta, J. P. Kress, J. E. Davidson 
and F. A. Spencer, Benzodiazepine versus non-benzodiazepine-based sedation for mechanically 
ventilated, critically ill adults – A systematic review and meta-analysis of randomized trials, Crit. 
Care Med. 41(9) (2013) S30−S38; https://doi.org/10.1097/CCM.0b013e3182a16898

15.	� M. J. Page, J. E. McKenzie, P. M. Bossuyt, I. Boutron, T. C. Hoffmann, C. D. Mulrow, L. Shamseer, 
J. M. Tetzlaff, E. A. Akl, S. E. Brennan, R. Chou, J. Glanville, J. M. Grimshaw, A. Hróbjartsson, M. 
M. Lalu, T. Li, E. W. Loder, E. Mayo-Wilson, S. McDonald, L. A. McGuinness, L. A. Stewart, J. 
Thomas, A. C. Tricco, V. A. Welch, P. Whiting and D. Moher, The PRISMA 2020 statement: An 
updated guideline for reporting systematic reviews, Syst. Rev. 10(1) (2021) Article ID 89 (11 pages); 
https://doi.org/10.1186/s13643-021-01626-4

16.	� J. P. Higgins, S. G. Thompson, J. J. Deeks and D. G. Altman, Measuring inconsistency in meta-
analyses, Br. Med. J. 327(7414) (2003) 557−560; https://doi.org/10.1136/bmj.327.7414.557

17.	� J. A. C. Sterne, J. Savović, M. J. Page, R. G. Elbers, N. S. Blencowe, I. Boutron, C. J. Cates, H.-Y. 
Cheng, M. S. Corbett, S. M. Eldridge, J. R. Emberson, M. A. Hernán, S. Hopewell, A. Hróbjartsson, 
D. R. Junqueira, P. Jüni, J. J. Kirkham, T. Lasserson, T. Li, A. McAleenan, B. C. Reeves, S. Shepperd, 
I. Shrier, L. A. Stewart, K. Tilling, I. R. White, P. F. Whiting and J. P. T. Higgins, RoB 2: A revised 
tool for assessing risk of bias in randomised trials, Br. Med. J. 366 (2019) Article ID l4898; https://
doi.org/10.1136/bmj.l4898

18.	� T. M. A. Azeem, N. E. Yosif, A. M. Alansary, I. M. Esmat and A. K. Mohamed, Dexmedetomidine 
vs morphine and midazolam in the prevention and treatment of delirium after adult cardiac 
surgery: A randomized, double-blinded clinical trial, Saudi J. Anaesth. 12(2) (2018) 190−197; https://
doi.org/10.4103/sja.SJA_303_17

19.	� S. S. Carson, J. P. Kress, J. E. Rodgers, A. Vinayak, S. Campbell-Bright, J. Levitt, S. Bourdet, A. 
Ivanova, A. G. Henderson, A. Pohlman, L. Chang, P. B. Rich and J. Hall, A randomized trial of 
intermittent lorazepam versus propofol with daily interruption in mechanically ventilated 
patients, Crit. Care Med. 34(5) (2006) 1326−1332; https://doi.org/10.1097/01.Ccm.0000215513.63207.7f

20.	� Y.-F. Chang, A. Chao, P.-Y. Shih, Y.-C. Hsu, C.-T. Lee, Y.-W. Tien, Y.-C. Yeh and L.-W. Chen, on 
behalf of the NTUH Center of Microcirculation Medical Research (NCMMR), Comparison of 
dexmedetomidine versus propofol on hemodynamics in surgical critically ill patients, J. Surg. Res. 
228 (2018) 194−200; https://doi.org/10.1016/j.jss.2018.03.040

21.	� S. M. Corbett, J. A. Rebuck, C. M. Greene, P. W. Callas, B. W. Neale, M. A. Healey and B. J. Leavitt, 
Dexmedetomidine does not improve patient satisfaction when compared with propofol during 
mechanical ventilation, Crit. Care Med. 33(5) (2005) 940−945; https://doi.org/10.1097/01.
ccm.0000162565.18193.e5

https://www.journalofsurgicalresearch.com/article/S0022-4804(18)30203-8/abstract


11

F. Yuan and D. Liu: Sedation management in mechanically ventilated intensive care unit patients: Meta-analysis, Acta Pharm. 75 (2025) 
260003.

	

22.	�G. Djaiani, N. Silverton, L. Fedorko, J. Carroll, R. Styra, V. Rao and R. Katznelson, Dexmedetomi-
dine versus propofol sedation reduces delirium after cardiac surgery: A randomized controlled 
trial, Anesthesiology 124(2) (2016) 362−368; https://doi.org/10.1097/aln.0000000000000951

23.	� H. Elmoutaz Mahmoud and D. A. E. Rashwan, Efficacy of dexmedetomidine versus ketofol for 
sedation of postoperative mechanically ventilated patients with obstructive sleep apnea, Crit. 
Care Res. Pract. 2018 (2018) Article ID 1015054 (7 pages); https://doi.org/10.1155/2018/1015054

24.	� S. Gupta, D. Singh, D. Sood and S. Kathuria, Role of dexmedetomidine in early extubation of the 
intensive care unit patients, J. Anaesthesiol. Clin. Pharmacol. 31(1) (2015) 92−98; https://doi.
org/10.4103/0970-9185.150554

25.	� J. Hellström, A. Öwall and P. V. Sackey, Wake-up times following sedation with sevoflurane ver-
sus propofol after cardiac surgery, Scand. Cardiovasc. J. 46(5) (2012) 262−268; https://doi.org/10.3109
/14017431.2012.676209

26.	� M. Iten, K. Bachmann, S. M. Jakob, D. Grandgirard, S. L. Leib and L. Cioccari, Adjunctive sedation 
with dexmedetomidine for the prevention of severe inflammation and septic encephalopathy: A 
pilot randomized controlled study, Crit. Care Med. 53(7) (2025) e1377−e1388; https://doi.org/10.1097/
ccm.0000000000006655

27.	� S. M. Jakob, E. Ruokonen, R. M. Grounds, T. Sarapohja, C. Garratt, S. J. Pocock, J. R. Bratty and J. 
Takala, Dexmedetomidine vs midazolam or propofol for sedation during prolonged mechanical 
ventilation – Two randomized controlled trials, JAMA 307(11) (2012) 1151−1160; https://doi.
org/10.1001/jama.2012.304

28.	� Y. Karaman, B. Abud, Z. T. Tekgul, M. Cakmak, M. Yildiz and M. Gonullu, Effects of dexmedetomi-
dine and propofol on sedation in patients after coronary artery bypass graft surgery in a fast-track 
recovery room setting, J. Anesth. 29(4) (2015) 522−528; https://doi.org/10.1007/s00540-015-1975-2

29.	� H. Lee, S. M. Yang, J. Chung, H. W. Oh, N. J. Yi, K. S. Suh, S. Y. Oh and H. G. Ryu, Effect of periope
rative low-dose dexmedetomidine on postoperative delirium after living-donor liver transplanta-
tion: A randomized controlled trial, Transplant. Proc. 52(1) (2020) 239−245; https://doi.org/10.1016/j.
transproceed.2019.11.015

30.	� Y. Li, Y. Yuan, J. Zhou and L. Ma, Effect of remimazolam besylate on elderly patients with mecha
nical ventilation: A single-center randomized controlled study, BMC Anesthesiol. 25(1) (2025) 
Article ID 65 (11 pages); https://doi.org/10.1186/s12871-025-02903-8

31.	� J. Liu, K. Shi, J. Hong, F. Gong, S. Mo, M. Chen, Y. Zheng, L. Jiang, L. Xu, Y. Tu, B. Hu, X. Yang and 
R. Sun, Dexmedetomidine protects against acute kidney injury in patients with septic shock, Ann. 
Palliat. Med. 9(2) (2020) 224−230; https://doi.org/10.21037/apm.2020.02.08

32.	� Y. Liu, Z. Peng, S. Liu, X. Yu, D. Zhu, L. Zhang, J. Wen, Y. An, L. Zhan, X. Wang, Y. Kang, A. Pan, 
J. Yan, L. Zhang, F. Liu, J. Zeng, Q. Lin, R. Sun, J. Yu, H. Wang, L. Yao, C. Chen, N. Liu, Y. Nie, J. 
Lyu, K. Wu, J. Wu, X. Liu and X. Guan, Efficacy and safety of ciprofol sedation in ICU patients 
undergoing mechanical ventilation: a multicenter, single-blind, randomized, noninferiority trial, 
Crit. Care Med. 51(10) (2023) 1318−1327; https://doi.org/10.1097/ccm.0000000000005920

33.	� R. MacLaren, C. R. Preslaski, S. W. Mueller, T. H. Kiser, D. N. Fish, J. C. Lavelle and S. P. Malkoski, 
A randomized, double-blind pilot study of dexmedetomidine versus midazolam for intensive 
care unit sedation: Patient recall of their experiences and short-term psychological outcomes, 
J. Intensive Care Med. 30(3) (2015) 167−175; https://doi.org/10.1177/0885066613510874

34.	�N. Nader, K. Shadvar, N. Pilevar, S. Sanaie, A. Iranpour, H. Hamishehkar, S. Safiri and A. Mah-
moodpoor, Long-term dexmedetomidine versus midazolam in patients under mechanical venti-
lation: A double-blinded randomized clinical trial, J. Cell. Mol. Anesth. 6(3) (2021) 259–268; https://
doi.org/10.22037/jcma.v6i3.33104

35.	� P. P. Pandharipande, B. T. Pun, D. L. Herr, M. Maze, T. D. Girard, R. R. Miller, A. K. Shintani, J. L. 
Thompson, J. C. Jackson, S. A. Deppen, R. A. Stiles, R. S. Dittus, G. R. Bernard and E. W. Ely, Effect 
of sedation with dexmedetomidine vs lorazepam on acute brain dysfunction in mechanically 



12

F. Yuan and D. Liu: Sedation management in mechanically ventilated intensive care unit patients: Meta-analysis, Acta Pharm. 75 (2025) 
260003.

	

ventilated patients: The MENDS randomized controlled trial, JAMA 298(22) (2007) 2644−2653; 
https://doi.org/10.1001/jama.298.22.2644

36.	� A. Patel, R. Garg, S. J. Bharti, V. Kumar, N. Gupta, S. Mishra, S. Bhatnagar and A. Kumar, Com-
parison of sedation efficacy of intravenous infusion of dexmedetomidine versus propofol in terms 
of opioid consumption in patients requiring postoperative mechanical ventilation after head and 
neck onco-surgeries: A randomized prospective study, Indian J. Cancer 61(1) (2024) 81−89; https://
doi.org/10.4103/ijc.IJC_949_20

37.	� M. C. Reade, G. M. Eastwood, R. Bellomo, M. Bailey, A. Bersten, B. Cheung, A. Davies, A. Delaney, 
A. Ghosh, F. van Haren, N. Harley, D. Knight, S. McGuiness, J. Mulder, S. O’Donoghue, N. Simp-
son and P. Young, Effect of dexmedetomidine added to standard care on ventilator-free time in 
patients with agitated delirium: A randomized clinical trial, JAMA 315(14) (2016) 1460−1468; 
https://doi.org/10.1001/jama.2016.2707

38.	� M. C. Reade, K. O’Sullivan, S. Bates, D. Goldsmith, W. R. S. T. J. Ainslie and R. Bellomo, Dexme-
detomidine vs haloperidol in delirious, agitated, intubated patients: A randomised open-label 
trial, Crit. Care 13(3) (2009) Article ID R75(10 pages); https://doi.org/10.1186/cc7890

39.	� R. R. Riker, Y. Shehabi, P. M. Bokesch, D. Ceraso, W. Wisemandle, F. Koura, P. Whitten, B. D. Mar-
golis, D. W. Byrne, E. W. Ely and M. G. Rocha, Dexmedetomidine vs midazolam for sedation of 
critically ill patients – A randomized trial, JAMA 301(5) (2009) 489−499; https://doi.org/10.1001/
jama.2009.56

40.	� E. Ruokonen, I. Parviainen, S. M. Jakob, S. Nunes, M. Kaukonen, S. T. Shepherd, T. Sarapohja, J. R. 
Bratty and J. Takala, Dexmedetomidine versus propofol/midazolam for long-term sedation dur-
ing mechanical ventilation, Intensive Care Med. 35(2) (2009) 282−290; https://doi.org/10.1007/s00134-
008-1296-0

41.	� Y. Shehabi, R. Bellomo, M. C. Reade, M. Bailey, F. Bass, B. Howe, C. McArthur, L. Murray, I. M. 
Seppelt, S. Webb and L. Weisbrod, Early goal-directed sedation versus standard sedation in 
mechanically ventilated critically ill patients: A pilot study, Crit. Care Med. 41(8) (2013) 1983−1991; 
https://doi.org/10.1097/CCM.0b013e31828a3f74

42.	�Y. Shehabi, P. Grant, H. Wolfenden, N. Hammond, F. Bass, M. Campbell and J. Chen, Prevalence 
of delirium with dexmedetomidine compared with morphine-based therapy after cardiac sur-
gery: A randomized controlled trial (DEXCOM study), Anesthesiology 111(5) (2009) 1075−1084; 
https://doi.org/10.1097/ALN.0b013e3181b6a783

43.	� T. S. Walsh, R. A. Parker, L. M. Aitken, C. A. McKenzie, L. Emerson, J. Boyd, A. Macdonald, G. 
Beveridge, A. Giddings, D. Hope, S. Irvine, S. Tuck, N. I. Lone, K. Kydonaki, J. Norrie, D. Brealey, 
D. Antcliffe, M. Reay, A. Williams, J. Bewley, B. Creagh-Brown, D. F. McAuley, P. Dark, M. P. Wise, 
A. C. Gordon, G. D. Perkins, M. C. Reade, B. Blackwood, A. MacLullich, R. Glen, V. J. Page and C. 
J. Weir, for the A2B Trial Investigators, Dexmedetomidine- or clonidine-based sedation compared 
with propofol in critically ill patients – The A2B randomized clinical trial, JAMA 334(1) (2025) 
32−45; https://doi.org/10.1001/jama.2025.7200

44.	� Y. Shehabi, B. D. Howe, R. Bellomo, Y. M. Arabi, M. Bailey, F. E. Bass, S. B. Kadiman, C. J. McArthur, 
L. Murray, M. C. Reade, I. M. Seppelt, J. Takala, M. P. Wise and S. A. Webb, Early sedation with 
dexmedetomidine in critically ill patients, N. Engl. J. Med. 380(26) (2019) 2506−2517; https://doi.
org/10.1056/NEJMoa1904710

45.	� C. G. Hughes, P. T. Mailloux, J. W. Devlin, J. T. Swan, R. D. Sanders, A. Anzueto, J. C. Jackson, A. 
S. Hoskins, B. T. Pun, O. M. Orun, R. Raman, J. L. Stollings, A. L. Kiehl, M. S. Duprey, L. N. Bui, 
H. R. O’Neal, Jr., A. Snyder, M. A. Gropper, K. K. Guntupalli, G. J. Stashenko, M. B. Patel, N. E. 
Brummel, T. D. Girard, R. S. Dittus, G. R. Bernard, E. W. Ely and P. P. Pandharipande, for the 
MENDS2 Study Investigators, Dexmedetomidine or propofol for sedation in mechanically venti-
lated adults with sepsis, N. Engl. J. Med. 384(15) (2021) 1424−1436; https://doi.org/10.1056/NEJ-
Moa2024922



13

F. Yuan and D. Liu: Sedation management in mechanically ventilated intensive care unit patients: Meta-analysis, Acta Pharm. 75 (2025) 
260003.

	

46.	� M. Balk, H. Hentschke, U. Rudolph, B. Antkowiak and B. Drexler, Differential depression of neu-
ronal network activity by midazolam and its main metabolite 1-hydroxymidazolam in cultured 
neocortical slices, Sci. Rep. 7(1) (2017) Article ID 3503(11 pages); https://doi.org/10.1038/s41598-017-
03154-5

47.	� T. M. Bauer, R. Ritz, C. Haberthür, H. R. Ha, W. Hunkeler, A. J. Sleight, G. Scollo-Lavizzari and W. 
E. Haefeli, Prolonged sedation due to accumulation of conjugated metabolites of midazolam, 
Lancet 346(8968) (1995) 145−147; https://doi.org/10.1016/S0140-6736(95)91209-6

48.	� M. A. S. Weerink, M. Struys, L. N. Hannivoort, C. R. M. Barends, A. R. Absalom and P. Colin, 
Clinical pharmacokinetics and pharmacodynamics of dexmedetomidine, Clin. Pharmacokinet. 
56(8) (2017) 893−913; https://doi.org/10.1007/s40262-017-0507-7

49.	� M. E. Ostermann, S. P. Keenan, R. A. Seiferling and W. J. Sibbald, Sedation in the intensive care 
unit – A systematic review, JAMA 283(11) (2000) 1451−1459; https://doi.org/10.1001/jama.283.11.1451

50.	� M. S. Langley and R. C. Heel, Propofol: A review of its pharmacodynamic and pharmacokinetic 
properties and use as an intravenous anaesthetic, Drugs 35(4) (1988) 334−372; https://doi.
org/10.2165/00003495-198835040-00002


