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Abstract 4 

Background: Delirium is a common complication in critically ill patients and carries an increased 5 

risk of mortality and morbidity. Dexmedetomidine can potentially treat delirium by diminishing 6 

predisposing factors. The evidence regarding the use of dexmedetomidine in managing delirium is 7 

conflicting. This protocol aims to identify the beneficial and harmful effects of dexmedetomidine in 8 

the management of delirium.  9 

Methods: This protocol uses the recommendations of the Cochrane Collaboration, the Preferred 10 

Report Items of Systematic reviews with Meta-Analysis Protocols, and the eight-step assessment 11 

procedure suggested by Jakobsen and colleagues. We wish to assess in critically ill patients with 12 

delirium, if dexmedetomidine versus placebo is effective in managing delirium and improving 13 

clinical outcomes. We will  include all relevant randomised clinical trials assessing the use of 14 

dexmedetomidine in treating delirium. To identify trials, we will search the Cochrane Central 15 

Register of Controlled Trials, Medical Literature Analysis and Retrieval System Online, Excerpta 16 

Medica database, Latin American and Caribbean Health Sciences Literature, Science Citation Index 17 

Expanded on Web of Science, Chinese Biomedical Literature Database, China National Knowledge 18 

Infrastructure, Chinese Science Journal Database, and BIOSIS. Two authors will screen the 19 

literature and extract data. The Cochrane risk of bias tool will be used to evaluate included trials. 20 

Extracted data will be analysed using Review Manager 5 and Trial Sequential Analysis. We will 21 

create a ‘Summary of Findings’-table in which we will present our primary and secondary 22 

outcomes. We will assess the quality of evidence using GRADE assessment. 23 

Discussion: This systematic review can potentially aid clinicians in decision making and benefit the 24 

many critically ill patients developing delirium. 25 

Systematic review registration: CRD42018115121 26 

Keywords: Delirium, dexmedetomidine, meta-analysis, systematic review, trial sequential analysis 27 

Background 28 

The systematic review, based on this protocol, on the use of dexmedetomidine for the management 29 

of delirium in critically ill adults will with another systematic review, based on an almost identical 30 
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protocol, on the use of dexmedetomidine for the prevention of delirium in critically ill adults be 1 

conducted by the same authors simultaneously (1). Since the prevention and management of 2 

delirium in critically ill adults using dexmedetomidine represents two distinct clinical entities with 3 

different outcomes of interest, we will conduct two independent systematic reviews based on two 4 

separate protocols (1). 5 

 6 

Description of the condition 7 

Epidemiology 8 

Delirium is a common and serious complication in intensive care unit (ICU) patients. The AID-ICU 9 

inception cohort study reported an incidence of delirium of 25% in the ICU (2). Incidences of 10 

delirium at 45% to 89% have been reported previously in critically ill adults (3-10).  11 

Patients with delirium have an increased risk of in-hospital mortality, longer durations of 12 

mechanical ventilation, and ICU and hospital length of stay (10-13). Delirium is also associated 13 

with an increased risk of death after discharge, institutionalization, dementia, and cognitive decline 14 

(14-16). The increase in cost per year of hospital and ICU stay due to delirium in mechanically 15 

ventilated patients is $6.5 to $20.5 billion in the United States (17). 16 

 17 

Definition and classification 18 

Delirium is a syndrome characterised by an acute onset of fluctuating cerebral dysfunction with a 19 

change in cognition, level of consciousness, and a decline in attention and focus (18). Delirium is 20 

classified into three subtypes: hypoactive, hyperactive, and mixed delirium (5). The incidences of 21 

mixed, hypoactive, and hyperactive delirium have been shown to be 52.5%, 24.5% to 43.5%, and 22 

1.6% to 23%, respectively (2, 19). Hypoactive delirium carries a worse prognosis (20, 21). 23 

Symptoms associated with hypoactive delirium are apathy, decreased responsiveness, slowed motor 24 

function, withdrawn attitude, lethargy, and drowsiness (5, 20). Symptoms associated with 25 

hyperactive delirium are agitation, hallucinations, restlessness, and patients often attempt to remove 26 

medical equipment (e.g. intravascular catheters) (5, 20). In mixed delirium, patients exhibit a 27 

combination of the hypoactive and hyperactive symptoms (5, 20).  28 

 29 
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Diagnosis 1 

The presence and severity of delirium in ICU patients can be assessed using the Confusion 2 

Assessment Method for the Intensive Care Unit (CAM-ICU) and the Intensive Care Delirium 3 

Screening Checklist (ICDSC) (4, 9, 22-24).  4 

 5 

Pathophysiology 6 

The delirium pathophysiology is not fully understood (4, 6, 25-27). Precipitating factors for 7 

delirium are breakdown of the blood-brain barrier, deep ischemic lesions in the basal ganglia, and 8 

lesions in the prefrontal cortex, hippocampus, and lingual gyrus (25). Predisposing factors for 9 

delirium are: 10 

• abnormalities in neurotransmitters (e.g. dopamine, serotonin, acetylcholine, gamma-amino-11 

butyric acid) (4) 12 

• drugs (e.g. anti-cholinergics, sedatives, and analgesics) altering neurotransmitter systems (4, 13 

25, 26). 14 

• abrupt withdrawal of alcohol or sedatives (4, 27)  15 

• increased levels of inflammatory mediators (4).  16 

• high age, dementia, hypertension, coma, emergency surgery, mechanical ventilation, organ 17 

failure, trauma, and metabolic acidosis (25, 28).  18 

The more predisposing and precipitating factors an individual is exposed to, the greater the risk of 19 

developing delirium (25). 20 

 21 

Description of the intervention 22 

Dexmedetomidine, a highly selective and potent alpha-2-adrenergic agonist, theoretically decreases 23 

the release of norepinephrine from presynaptic neurons resulting in an inhibition of the postsynaptic 24 

neurons in the central nervous system (29). The clinical effect of dexmedetomidine is sedation, 25 

analgesia, and relief of anxiety (30). In-vitro studies on developing rat brains have indicated that 26 

dexmedetomidine provides neuroprotection (31-33). Dexmedetomidine is associated with 27 

bradycardia and hypotension and its use require cardiovascular and neurologic monitoring of the 28 

patient (34).  29 
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Dexmedetomidine can potentially treat delirium by diminishing the predisposing and precipitating 1 

factors (35). Dexmedetomidine may enable patients to communicate better with care-givers (e.g. 2 

report pain, nausea) (29, 30, 36), decrease pain, nausea, neuroinflammation, reduce the use of other 3 

sedatives and analgesics, reduce the duration of mechanical ventilation and ICU length of stay (29, 4 

30, 34, 36-41), promote natural sleep by inhibiting noradrenergic neurons in the locus coeruleus 5 

(42), and may provide neuroprotection (29, 31-33).  6 

Dexmedetomidine might also be able to prevent delirium from occurring by the same mechanism. 7 

(See the protocol on dexmedetomidine for the prevention of delirium in critically ill adults by the 8 

same authors) (1). 9 

 10 

Why is it important to do this review? 11 

Several reviews have assessed the use of dexmedetomidine in ICU patients (43-53). See appendix 1 12 

for a detailed description of the previous reviews. 13 

The previous reviews have focused on duration of mechanical ventilation and length of stay, which 14 

are potentially biased outcomes (competing risks e.g. in the event of patients dying early and 15 

thereby contributing with low values to the outcomes) (54). Some reviews indicated that 16 

dexmedetomidine seem to reduce the risk of developing delirium  (46, 47, 49, 51-53). A recently re-17 

submitted systematic overview of systematic reviews and meta-analyses on the management and 18 

prevention of delirium in ICU patients did not identify any systematic reviews assessing the 19 

beneficial and harmful effects of dexmedetomidine for the management of delirium (55). 20 

The previous reviews failed to adhere to the Preferred Reporting Items for Systematic Reviews and 21 

Meta-Analyses (PRISMA) guidelines, did not publish a protocol, only few of the reviews reported 22 

on the risk of bias, and none of reviews took into account the increased risk of random error due to 23 

sparse data and multiple testing in cumulative meta-analysis. To our knowledge, no systematic 24 

review adequately assessing the beneficial and harmful effects of dexmedetomidine in the 25 

management of delirium exists. There is a need for a systematic review adhering to the PRISMA 26 

guidelines while reporting on the risk of bias in individual trials and considering the risk of random 27 

error using Trial Sequential Analysis (TSA) (56-61). 28 

The evidence regarding the use of dexmedetomidine in the management of delirium is conflicting 29 

and sparse. Meanwhile, 21.3% of critical care physicians prescribe dexmedetomidine in the 30 
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management of delirium (2) and more than 20% of critical care physicians prescribe 1 

dexmedetomidine for sedation (62). Even with the sparse and conflicting evidence, guidelines 2 

recommend the use of dexmedetomidine in the pharmacological management of delirium in 3 

mechanically ventilated adults where agitation is precluding extubation (low quality of evidence, 4 

conditional recommendation) (63).  5 

We hypothesise that dexmedetomidine is better than placebo at managing delirium and improving 6 

clinical outcomes. Therefore, with this protocol for a systematic review, we wish to assess in 7 

critically ill patients, if dexmedetomidine versus placebo is effective in managing delirium and 8 

improving clinical outcomes. 9 

While conducting this review, we will also conduct a review on dexmedetomidine for the 10 

prevention of delirium in critically ill adults (1). 11 

 12 

Methods 13 

This protocol for a systematic review has been developed in accordance with the Preferred 14 

Reporting Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA-P) guidelines (See 15 

appendix 2 for the PRISMA-P checklist) (64, 65).  16 

 17 

Criteria for considering studies 18 

Types of studies 19 

We will include randomised clinical trials irrespective of setting, publication status, year, and 20 

language. We will include cluster-randomised trials. We will not include quasi-randomised trials or 21 

observational studies. However, large observational studies will be included for the detection and 22 

narrative description of serious adverse events, but no observational studies will be included in any 23 

meta-analysis of intervention effect. 24 

 25 

Types of participants 26 

We will include any critically ill adults as defined by trialists. We will define a critically ill person 27 

as a person who has a potentially life-threatening condition and who is admitted to a high-28 
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dependency facility (e.g. an ICU, intermediate care unit or post-operative care unit), or who is at 1 

high risk of dying. We will also include trials on people undergoing emergency surgery and elective 2 

cardiothoracic surgery. We will include trials on non-critically ill participants for a sensitivity 3 

analysis (see section on sensitivity analysis). 4 

 5 

Types of interventions 6 

We will include any trial where participants are allocated to receiving either dexmedetomidine 7 

versus placebo, no intervention, or any active comparator in the management of delirium. We will 8 

accept any co-intervention, if the co-intervention is intended to be delivered similarly to the 9 

intervention and control groups. 10 

 11 

Types of outcome measures 12 

For all outcomes, we will use the trial results reported at maximal follow-up. However, if the 13 

trialists report results at multiple time-points, we will primarily use the results reported at the time 14 

point closest to 12 months. 15 

 16 

Primary outcomes 17 

1. All -cause mortality 18 

2. Serious adverse events (SAEs). We will define an SAEs as any untoward medical 19 

occurrence that resulted in death, was life-threatening, required hospitalisation or 20 

prolongation of existing hospitalisation, and resulted in persistent or significant disability or 21 

jeopardised the patient (66). This includes, but is not limited to, death, myocardial 22 

infarction, anaphylaxis, ischemic events requiring hospitalisation or surgery (e.g. bowel 23 

ischaemia, transient cerebral ischaemia, stroke), coma, lung emboli, re-intubation, etc. See 24 

appendix 3 for a detailed description on the analysis of SAEs.  25 

3. Quality of life (continuous outcome) 26 

 27 

Secondary outcomes 28 

1. Severity of delirium (continuous outcome) 29 
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2. Cognitive function (continuous outcome) 1 

3. Days alive without delirium or coma (continuous outcome) 2 

All dichotomous outcomes will be analysed as proportions of participants in each group. 3 

Continuous outcomes as defined by trialists and measured on any valid continuous scale. 4 

 5 

Search methods 6 

Electronic searches 7 

We will search the Cochrane Central Register of Controlled Trials (CENTRAL), Medical Literature 8 

Analysis and Retrieval System Online (MEDLINE), Excerpta Medica database (EMBASE), Latin 9 

American and Caribbean Health Sciences Literature (LILACS), Science Citation Index Expanded 10 

on Web of Science, Chinese Biomedical Literature Database (CBM), China National Knowledge 11 

Infrastructure (CNKI), Chinese Science Journal Database (VIP), and BIOSIS to identify relevant 12 

trials. The preliminary search strategy for MEDLINE (Ovid) is given in Additional file 1. We will 13 

search all databases from their inception to the present. 14 

 15 

Searching other resources 16 

The reference lists of relevant publications will be screened for unidentified randomised trials. See 17 

appendix 4 for a full  list of other resources that we will search. 18 

 19 

Data collection and analysis 20 

Selection of studies  21 

Two review authors (MM and a co-author) will independently screen titles and abstracts. We will 22 

retrieve all relevant full-text study reports and publications. Two review authors (MM and a co-23 

author) will independently screen the full text and identify and record reasons for exclusion of the 24 

ineligible studies. We will resolve disagreements through discussion or by consulting a third co-25 

author. 26 

 27 

Data extraction and management  28 

Two authors (MM and a co-author) will independently extract data from included trials and transfer 29 
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them to Review Manager 5.3. Disagreements will be resolved by discussion with a third co-author. 1 

We will extract the following trial characteristics: 2 

• Methods: duration of the trial and date of publication 3 

• Participants: estimated sample size, number randomised, analysed, and lost to follow-4 

up/withdrawn, type of population including duration of mechanical ventilation and sepsis, 5 

mean age, sex, motoric subgroup of delirium, inclusion and exclusion criteria 6 

• Interventions: dose, duration, mode of administration  7 

• Co-intervention/comparison: type, dose, duration, mode of administration, concomitant 8 

medications, excluded medications 9 

• Outcomes: primary and secondary outcomes specified and collected, time points reported 10 

• Other: bias risk components (as defined below), trial funding, notable conflicts of interest of 11 

the trialists. 12 

 13 

Assessment of risk of bias in included studies  14 

We will use the instructions from the Cochrane Handbook for Systematic Reviews of Interventions 15 

to evaluate the methodology and the risk of bias in the included trials (67). Additionally, we will 16 

also report on for profit bias (see appendix 5 for an explanation of how we will evaluate for profit 17 

bias). Two authors (MM and a co-author) will independently evaluate the methodology in respect 18 

of:  19 

• Random sequence generation  20 

• Allocation concealment  21 

• Blinding of participants and treatment providers 22 

• Blinding of outcome assessment  23 

• Incomplete outcome data  24 

• Selective outcome reporting 25 

• For profit bias  26 

• Other risks of bias  27 
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• Overall risk of bias  1 

These components enable classification of randomised trials as being as overall low risk of bias and 2 

at high risk of bias. We will classify trials as being at overall ‘high risk of bias’, if any of the trial 3 

components are classified as ‘unclear’ or ‘high risk of bias’. The trials with ‘high risk of bias’ tend 4 

to overestimate positive intervention effects and underestimate negative effects (68-74). See 5 

appendix 5 for a detailed list on how we will assess the bias in included trials.  6 

We will assess the domains ‘blinding of outcome assessment’, ‘incomplete outcome data’, and 7 

‘selective outcome reporting’ for each outcome result. Thus, we can assess the bias risk for each 8 

outcome assessed in addition to each trial. Our primary conclusions will be based on the results of 9 

our primary outcomes in trials with overall low risk of bias. However, if the point-estimates in 10 

meta-analyses from all trials and in meta-analyses from trials with overall low risk of bias are 11 

similar, we will present the confidence intervals (CIs) from all trials as our results. We will put most 12 

weight on the analyses of dexmedetomidine versus placebo. Both our primary and secondary 13 

conclusions will be presented in the ‘Summary of Findings’ tables.  14 

 15 

Measures of treatment effect  16 

Dichotomous outcomes 17 

We will calculate risk ratios (RRs) with 95% CI for dichotomous outcomes, as well as the TSA-18 

adjusted CIs (see below). 19 

 20 

Continuous outcomes  21 

We will calculate the mean differences (MD) and the standardised mean difference (SMD) with 22 

95% CI for continuous outcomes, as well as the TSA-adjusted CIs (see below). When calculating 23 

SMDs, we will ensure that all continuous scales point in the same direction (e.g. some scales 24 

increase with disease severity while others decrease) by multiplying all scales decreasing with 25 

disease severity by -1. We will transform the effect expressed by SMDs back to the units from the 26 

most used continuous scale (67). 27 

 28 
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Dealing with missing data  1 

We will contact trial authors to obtain any relevant missing data (i.e. for data extraction and for 2 

assessment of risk of bias, as specified above).  3 

 4 

We will primarily analyse scores assessed at single time points. If only changes from baseline 5 

scores are reported, we will analyse the results together with follow-up scores. If standard 6 

deviations (SDs) are not reported, we will calculate the SDs using trial data, if possible. We will not 7 

use intention-to-treat data if the original report did not contain such data. We will not impute 8 

missing values for any outcomes in our primary analysis. In our sensitivity analysis, we will impute 9 

data. 10 

 11 

Assessment of heterogeneity  12 

We will investigate forest plots to visually assess any sign of heterogeneity. We will secondly 13 

assess the presence of statistical heterogeneity by chi2-test (threshold P < 0.10) and measure the 14 

quantities of heterogeneity by I2-statistics and D2 

 19 

-statistics (75, 76).  We will investigate possible 15 

clinical heterogeneity through subgroup analyses. Ultimately, we may decide that a meta-analysis 16 

should be avoided (e.g. in the event of statistical heterogeneity due to the intervention being 17 

delivered in unexpected different ways) (67). 18 

Assessment of reporting biases  20 

We will use a funnel plot to assess reporting bias if ten or more trials are included. We will visually 21 

inspect funnel plots to assess the risk of bias. For dichotomous outcomes, we will test asymmetry 22 

with the Harbord test (77) if τ2 is less than 0.1 and with the Rücker test if τ2

 26 

 is greater than 0.1. For 23 

continuous outcomes, we will use the regression asymmetry test (78) and the adjusted rank 24 

correlation test (79). 25 

Unit of analysis issues  27 

We will only include randomised clinical trials. For trials using crossover design, only data from the 28 

first period will be included (67, 80). We will include cluster randomised trials after adjusting the 29 
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original sample size to the effective sample size using the ‘design effect’, incorporating the 1 

intracluster correlation coefficient (67). Therefore, there will not be any unit of analysis issues.  2 

 3 

Data synthesis  4 

Meta-analysis  5 

We will undertake this meta-analysis according to the recommendations stated in the Cochrane 6 

Handbook for Systematic Reviews of Interventions (67), Keus et al. (81), and the eight-step 7 

assessment suggested by Jakobsen et al. (82). We will use the statistical software Review Manager 8 

5.3 to analyse data (83). We will assess our intervention effects with both random-effects meta-9 

analyses (84) and fixed-effects meta-analyses (85). We will use the more conservative point 10 

estimate of the two (82). The more conservative point estimate is the estimate closest to zero effect. 11 

If the two estimates are similar, we will use the estimate with the widest CI. We use three primary 12 

and three secondary outcomes and to control for type 1 error, we will consider a P value of 0.025  as 13 

the threshold for statistical significance in each outcome group (82). We will investigate possible 14 

heterogeneity through subgroup analyses. We will use the eight-step procedure to assess if the 15 

thresholds for significance are crossed (82). Where multiple trial arms are reported in a single trial, 16 

we will include only the relevant arms. If two comparisons are combined in the same meta-analysis, 17 

we will halve the control group to avoid double-counting (67). Trials with a factorial design will be 18 

included. 19 

 20 

Trial  Sequential Analysis  21 

Traditional meta-analysis runs the risk of random errors due to sparse data and repetitive testing of 22 

accumulating data when updating reviews. We wish to control the risks of type I errors and type II 23 

errors. Therefore, we will perform TSA on the outcomes, in order to calculate the required 24 

information size (that is the number of participants needed in a meta-analysis to detect or reject a 25 

certain intervention effect) and the cumulative Z-curve’s breach of relevant trial sequential 26 

monitoring boundaries (56-59, 61, 86-91). For dichotomous outcomes, we will estimate the 27 

required information size based on the observed proportion of patients with an outcome in the 28 

control group (the unweighted cumulative proportion of participants with an event in the control 29 

groups relative to all patients in the control groups), a relative risk reduction of 15%, an alpha of 30 

2.5% for our primary outcomes and an alpha of 2.5% for our secondary outcomes, a beta of 10%, 31 
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and Diversity (83) as suggested by the meta-analysis. We will also conduct a sensitivity analysis 1 

TSA with an intervention effect equal to the 95% CI limit closest to null effect. If Diversity is zero, 2 

we will conduct a TSA with a Diversity of 20% as statistical heterogeneity will likely increase when 3 

more trials are included until the required information size is reached (92). For continuous 4 

outcomes, we will in the TSA use the observed SD, a mean difference of the observed SD/2, an 5 

alpha of 2.5% for our primary outcomes and an alpha of 2.5% for our secondary outcomes, and a 6 

beta of 10%. 7 

 8 

Subgroup analysis and investigation of heterogeneity 9 

Subgroup analysis  10 

We will attempt to determine if the beneficial or harmful effects are influenced by the type of ICU 11 

population, type of control intervention, and subtype of delirium. We will perform the following 12 

subgroup analysis when analysing the primary outcomes:  13 

• High risk of bias trials compared to low risk of bias trials 14 

• According to population: 15 

o ICU vs. non-ICU participants 16 

o Medical vs. surgical participants 17 

o Surgical vs. cardiothoracic surgical participants 18 

• According to control intervention: 19 

o Placebo vs. no intervention vs. benzodiazepines vs. haloperidol vs. other 20 

antipsychotics vs. non-pharmacological interventions 21 

• According to subtype of delirium 22 

o Hypoactive delirium vs Hyperactive delirium vs. Mixed-type delirium 23 

We will use the formal test for subgroup interactions in Review Manager (83). We hypothesise that 24 

high risk of bias trials will overestimate benefit and underestimate harm. We expect to identify an 25 

increased beneficial effect of dexmedetomidine on ICU participants compared to non-ICU 26 

participants as delirium is more prevalent in participants hospitalised in an ICU. We also expect to 27 

identify an increased beneficial effect of dexmedetomidine on cardiothoracic surgical participants 28 
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compared to other surgical participants, since cardiothoracic surgical participants often are exposed 1 

to more precipitating and predisposing factors than other surgical participants. We also expect 2 

dexmedetomidine to have an increased beneficial effect as compared to other types of interventions 3 

(e.g. benzodiazepines, other antipsychotics) as some of these interventions might induce delirium 4 

rather than treating it. It is easier to identify hyperactive and mixed-type delirium, therefore we 5 

expect to see an increased beneficial effect in these participants as compared to hypoactive delirium 6 

participants. 7 

 8 

Sensitivity analysis  9 

To assess the potential impact of the missing data for dichotomous outcomes, we will perform the 10 

two following sensitivity analyses on both the primary and secondary outcomes.  11 

• ‘Best-worst-case’ scenario 12 

• ‘Worst-base-case’ scenario 13 

We will present results of both scenarios in our review. For a detailed explanation of the best-worst 14 

and worst-best-case scenario a sensitivity analysis, see appendix 6. We will conduct a sensitivity 15 

analysis including trials on both critically ill and non-critically ill participants in order to assess the 16 

impact of trials on non-critically ill participants’ effect on the intervention effect estimate from trials 17 

on critically ill participants. 18 

Other post hoc sensitivity analyses might be warranted if unexpected clinical or statistical 19 

heterogeneity is identified during the analysis of the review results (82). 20 

 21 

 ‘Summary of Findings’ table  22 

We will base our ‘Summary of Findings’ table on the prespecified primary and secondary 23 

outcomes. We will use the five GRADE considerations (bias risk of the trials, consistency of effect, 24 

imprecision, indirectness, and publication bias) to assess the quality of the body of evidence 25 

associated with the prespecified outcomes (GRADE will result in the quality of evidence from each 26 

outcome being very low, low, moderate, or high) (82, 93-95). Firstly, we will present our results in 27 

the ‘Summary of Findings’ table based on the results from trials with overall low risk of bias 28 

comparing dexmedetomidine with placebo, and secondly, we will present the results based on all 29 

trials. We will primarily base our conclusion on trials with overall low risk of bias. However, if the 30 
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point estimates from meta-analyses of all trials and the point estimates from meta-analyses of trials 1 

with overall low risk of bias are similar, we will use CIs from all trials estimates to grade 2 

imprecision. 3 

 4 

 5 

Discussion 6 

This protocol for a systematic review has several strengths. We have based the protocol on the 7 

PRISMA-P guidelines (64, 65). We have pre-defined our methodology based on the Cochrane 8 

Handbook for Systematic Reviews of Interventions (67), Keus et al. (81), the eight-step assessment 9 

as suggested by Jakobsen et al. (82), TSA (86), and the GRADE assessment (94). Through our pre-10 

defined methodology, we consider the risk of random and systematic errors.  11 

This protocol also has several limitations. We expect potential trials to screen for delirium using 12 

different scales, thereby giving rise to clinical and statistical heterogeneity, and the use of SMDs 13 

which present difficulties to interpret. Furthermore, critically ill patients are often sedated, 14 

complicating the screening for delirium. Finally, by not searching for all observational studies, we 15 

might overlook harms, thereby potentially putting more weight on benefit than on harm (96). We 16 

expect to identify few trials on dexmedetomidine for the management of delirium and especially 17 

trials comparing dexmedetomidine with placebo. 18 

With this systematic review, we seek to provide the clinicians and decision makers on clinical 19 

practice with a reliable evidence adjusted for bias, sparse data, and multiple testing regarding the 20 

management of delirium in critically ill people using dexmedetomidine. 21 

We will parallel with the systematic review based on this protocol conduct a systematic review on 22 

the prevention of delirium using dexmedetomidine, see the separate protocol (1). By carrying out 23 

two separate reviews on the prevention and management of delirium using dexmedetomidine, we 24 

wish to provide the best available evidence related to preventing and managing delirium using 25 

dexmedetomidine (1). 26 
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 4 

Appendix 1 5 

Previous reviews 6 

The following is a detailed description of the previous reviews. 7 

1. Tan et al (43) assessed the use of dexmedetomidine as an analgesic and sedative agent in 8 

critically ill patients, comparing it to placebo or other agents. In total 24 randomised trials 9 

were included yielding a sample size of 2.419 participants. They found that 10 

dexmedetomidine may reduce the intensive care unit length of stay and that 11 

dexmedetomidine may not reduce the duration of mechanical ventilation or the risk of 12 

developing delirium. However, they did not adhere to the (Preferred Reporting Items for 13 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines, assess the risk of bias in 14 

included studies, assess the risk of random error, and assess the quality of evidence using the 15 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) and 16 

they had a limiting search strategy. 17 

2. Fraser et al (44) assessed benzodiazepine versus non-benzodiazepine (dexmedetomidine or 18 

propofol) for sedation in mechanically ventilated, critically ill adults. They included six 19 

randomised trials yielding 1.235 participants with four trials assessing dexmedetomidine 20 

versus benzodiazepine and two trials assessing propofol versus benzodiazepine. They found 21 

that non-benzodiazepine sedation may reduce the intensive care unit length of stay and the 22 

duration of mechanical ventilation. However, they had a small sample size and they did not 23 

adhere to the PRISMA guidelines, assess the risk of random error, and they had a restrictive 24 

search strategy. They did assess the risk of bias in included studies and assess the quality of 25 

evidence using GRADE. 26 

3. Pasin et al (45) assessed the use of dexmedetomidine as a sedative agent in critically ill 27 

adults. They included 28 randomised trials yielding 3.648 participants. They found that 28 

dexmedetomidine may reduce the duration of mechanical ventilation and the intensive care 29 

unit length of stay. They found no difference in mortality between groups. They did assess 30 
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the risk of bias in included studies. However, they did not adhere to the PRISMA guidelines, 1 

assess the risk of random error, or assess the quality of evidence using GRADE and they had 2 

a restrictive search strategy. 3 

4. Xia et al (46) assessed the use of dexmedetomidine in sedation of adult intensive care unit 4 

patients compared to propofol. They included ten randomised trials yielding 1.202 5 

participants. They found that dexmedetomidine may reduce the intensive care unit length of 6 

stay and the risk of developing delirium. They found no difference regarding the duration of 7 

mechanical ventilation and intensive care unit mortality. However, they did not adhere to the 8 

PRISMA guidelines, assess the risk of random error, assess the quality of evidence using 9 

GRADE, and they had a restrictive search strategy and a small sample size. They did assess 10 

the risk of bias in included studies. 11 

5. Zhang et al (47) assessed strategies for preventing post-operative delirium in adult patients. 12 

They found that dexmedetomidine may prevent post-operative delirium. However, that was 13 

based on a meta-analysis of two randomised trials including 415 patients. They did not 14 

adhere to the PRISMA guidelines, assess the risk of random error, or assess the quality of 15 

evidence using GRADE and they had a restrictive search strategy. They did assess the risk 16 

of bias in included studies. 17 

6. Serafim et al (49) assessed pharmacological prevention and treatment of delirium in adult 18 

intensive care unit patients. They found that the use of dexmedetomidine in the treatment of 19 

delirium may reduce the intensive care unit length of stay and the duration of mechanical 20 

ventilation. They found that the use of dexmedetomidine in preventing delirium may reduce 21 

the risk of developing delirium and the duration of mechanical ventilation, but not the 22 

intensive care unit length of stay. However, the treatment results were based on one 23 

randomised pilot study with a sample size of 20 participants and the prevention studies were 24 

based on a four randomised trials yielding a sample size of 896 participants. They did assess 25 

the risk of bias in included studies, but they did not adhere to the PRISMA guidelines, 26 

assess the risk of random error, assess the quality of evidence using GRADE and they used a 27 

restrictive search strategy. 28 

7. Woods et al (50) assessed the use of dexmedetomidine as an adjuvant to benzodiazepine 29 

therapy in reducing the severity of delirium related to alcohol withdrawal syndrome. They 30 

found dexmedetomidine as an adjuvant to benzodiazepine therapy to reduce the severity of 31 

delirium more effectively than benzodiazepine therapy alone. However, they included four 32 
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non-randomised studies yielding a sample size of 55 participants with 49 male participants 1 

and six female participants. They did not adhere to the PRISMA guidelines, follow 2 

Cochrane methodology for conducting a systematic review, assess the risk of bias in 3 

included studies, assess the risk of random error, assess the quality of evidence using 4 

GRADE and they used a restrictive search strategy. 5 

8. Chen et al (48) conducted a Cochrane review assessing the use of Alpha-2 agonists for long-6 

term sedation of mechanical ventilation in critically ill patients except neonates. The review 7 

by Chen et al represents the only properly conducted systematic review identified during the 8 

undertaking of this protocol. They included seven randomised trials yielding 1.624 9 

participants. All studies compared dexmedetomidine to other sedative (lorazepam or 10 

propofol). They found that dexmedetomidine may reduce the duration of mechanical 11 

ventilation and the intensive care unit length of stay, but they also found that 12 

dexmedetomidine may not reduce the risk of developing delirium or reduce mortality. High 13 

statistical heterogeneity was observed for the delirium outcome. No studies reported on the 14 

use of dexmedetomidine in children.  15 

9. Liu et al (51) assessed the use of dexmedetomidine sedation for reducing delirium after 16 

cardiac surgery compared to propofol sedation. They included eight randomised trials 17 

yielding 969 participants. They found that dexmedetomidine may reduce the risk of 18 

developing delirium and reduce the duration of mechanical ventilation. They assessed the 19 

risk of bias in included studies and assessed the risk of random error. However, they did not 20 

adhere to the PRISMA guidelines, they did not report on their methodological approach to 21 

assess the quality of evidence, and they had a restrictive search strategy. 22 

10. Zhang et al (52) assessed sedation of mechanically ventilated adult intensive care unit 23 

patients through a network meta-analysis. They included 58 trials with sample sizes ranging 24 

from 20 to 500. They found that dexmedetomidine may reduce the duration of mechanical 25 

ventilation and reduce the risk of developing delirium when compared to other sedatives 26 

(lorazepam, midazolam, propofol). However, they did not publish a protocol or assess the 27 

risk of random error. They did assess the risk of bias in included studies. 28 

11. Ng et al (53) assessed the use of dexmedetomidine versus placebo in ICU patients. They 29 

included 8 trials with a combined sample size of 1425 participants in their analysis of 30 

delirium and 4 trials with a combined sample size of 718 patients in their analysis of 31 

agitation. They found dexmedetomidine to significantly reduce the incidence of delirium 32 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

and significantly reduce the incidence of agitation. In 15 trials with a combined sample size 1 

of 2426 participants, they found no reduction in all-cause mortality between 2 

dexmedetomidine and placebo groups. However, they did not publish a protocol prior to 3 

conducting the review and only registered a brief explanation of the study on PROSPERO. 4 

They evaluated the risk of bias in included trials but found all but six trials to be at low risk 5 

of bias. They performed Trial Sequential Analysis using their point-estimates from their 6 

meta-analysis giving rise to a faulty conclusion (e.g they used a data-driven relative risk 7 

reduction of 60% in their Trial Sequential Analysis on the incidence of delirium). 8 

Appendix 2 9 

PRISMA-P checklist 10 

Section/topic # Checklist item 

Information 

reported  
Line 

number(s) 
Yes No 

ADMINISTRATIVE INFORMATION   

Title  

  Identification  1a 
Identify the report as a protocol of a 

systematic review 

  Page 1, line 1 

to 2. 

  Update  1b 
If the protocol is for an update of a previous 

systematic review, identify as such 

   

Registration  2 

If registered, provide the name of the registry 

(e.g., PROSPERO) and registration number in 

the Abstract 

  Page 2, line 

23. 

Authors  

  Contact  3a 

Provide name, institutional affiliation, and e-

mail address of all protocol authors; provide 

physical mailing address of corresponding 

author 

  Page 1, line 3 

to 18. 

  Contributions  3b 
Describe contributions of protocol authors and 

identify the guarantor of the review 

  Page 16, line 

27 to page 17, 

line 4. 

Amendments  4 If the protocol represents an amendment of a    
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Section/topic # Checklist item 

Information 

reported  
Line 

number(s) 
Yes No 

previously completed or published protocol, 

identify as such and list changes; otherwise, 

state plan for documenting important protocol 

amendments 

Support  

  Sources  5a 
Indicate sources of financial or other support 

for the review 

  Page 16, line 

23-24 and 

page 17, line 

11-14. 

  Sponsor  5b 
Provide name for the review funder and/or 

sponsor 

   

  Role of 

sponsor/funder  
5c 

Describe roles of funder(s), sponsor(s), and/or 

institution(s), if any, in developing the protocol 

   

INTRODUCTION  

Rationale  6 
Describe the rationale for the review in the 

context of what is already known 

  Page 5, line 

14 to page 6, 

line 15. 

Objectives  7 

Provide an explicit statement of the 

question(s) the review will address with 

reference to participants, interventions, 

comparators, and outcomes (PICO) 

 

  Page 6, line 

10-13. 

METHODS  

Eligibility criteria  8 

Specify the study characteristics (e.g., PICO, 

study design, setting, time frame) and report 

characteristics (e.g., years considered, 

language, publication status) to be used as 

criteria for eligibility for the review 

  Page 7, line 6 

to page 8, line 

2. 

Information 

sources  
9 

Describe all intended information sources 

(e.g., electronic databases, contact with study 

authors, trial registers, or other grey literature 

  Page 8, line 

22 to page 9, 

line 2. 
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Section/topic # Checklist item 

Information 

reported  
Line 

number(s) 
Yes No 

sources) with planned dates of coverage 

Search strategy  10 

Present draft of search strategy to be used for 

at least one electronic database, including 

planned limits, such that it could be repeated 

  Additional file 

1. 

STUDY RECORDS  

  Data 

management  
11a 

Describe the mechanism(s) that will be used 

to manage records and data throughout the 

review 

  Page 9, line 

17-19. 

  Selection 

process  
11b 

State the process that will be used for 

selecting studies (e.g., two independent 

reviewers) through each phase of the review 

(i.e., screening, eligibility, and inclusion in 

meta-analysis) 

  Page 9, line 9-

14. 

  Data 

collection process  
11c 

Describe planned method of extracting data 

from reports (e.g., piloting forms, done 

independently, in duplicate), any processes 

for obtaining and confirming data from 

investigators 

  Page 9, line 

16 to page 10, 

line 2. 

Data items  12 

List and define all variables for which data will 

be sought (e.g., PICO items, funding 

sources), any pre-planned data assumptions 

and simplifications 

  Page 9, line 

19, to page 

10, line 2. 

Outcomes and 

prioritization  
13 

List and define all outcomes for which data 

will be sought, including prioritization of main 

and additional outcomes, with rationale 

  Page 8, line 4-

20. 

Risk of bias in 

individual studies  
14 

Describe anticipated methods for assessing 

risk of bias of individual studies, including 

whether this will be done at the outcome or 

study level, or both; state how this information 

will be used in data synthesis 

  Page 10, line 

4 to page 11, 

line 3. 
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Section/topic # Checklist item 

Information 

reported  
Line 

number(s) 
Yes No 

Synthesis  

15a 
Describe criteria under which study data will 

be quantitatively synthesized 

  Page 12, line 

22 to page 13, 

line 26. 

15b 

If data are appropriate for quantitative 

synthesis, describe planned summary 

measures, methods of handling data, and 

methods of combining data from studies, 

including any planned exploration of 

consistency (e.g., I 2

 

, Kendall’s tau) 

 Page 12, line 

1-7. 

15c 

Describe any proposed additional analyses 

(e.g., sensitivity or subgroup analyses, meta-

regression) 

  Page 13, line 

28 to page 15, 

line 9. 

15d 
If quantitative synthesis is not appropriate, 

describe the type of summary planned 

  Page 12, line 

4-7. 

Meta-bias(es)  16 

Specify any planned assessment of meta-

bias(es) (e.g., publication bias across studies, 

selective reporting within studies) 

  Page 12, line 

9-14. 

Confidence in 

cumulative 

evidence  

17 
Describe how the strength of the body of 

evidence will be assessed (e.g., GRADE) 

  Page 15, line 

13-16. 

 1 

 2 

Appendix 4 3 

Analysis of serious adverse events 4 

We will define an SAEs as any untoward medical occurrence that resulted in death, was life-5 

threatening, required hospitalisation or prolongation of existing hospitalisation, and resulted in 6 

persistent or significant disability or jeopardised the patient (66). 7 
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As we expect the reporting of serious adverse events to be very heterogeneous and not strictly 1 

according to the ICH-GCP recommendations in many trials, we will estimate the number of patients 2 

with one or more serious adverse events in two ways:  3 

1) By adding all reported serious adverse events, assuming that patients only experience one serious 4 

adverse event (the number of patients in each group will constitute a maximum) which will be 5 

described as the cumulated serious adverse events in each trial scenario.  6 

2) By choosing the one specific serious adverse event with the highest proportion reported in each 7 

trial which will be described as the highest proportion of serious adverse events in each trial 8 

scenario.  9 

The true effect on the occurrence of serious adverse events is expected to be between these two 10 

extremes. If a trial report number of patients with one or more serious adverse events within the 11 

observation period strictly according to ICH-GCP criteria, we will of course use this number in both 12 

analyses (1 and 2). 13 

 14 

 15 

Appendix 3  16 

Searching other resources 17 

We will search the following resources in order to identify on-going trials. 18 

• ClinicalTrials.gov (www.clinicaltrials.gov) 19 

• Google Scholar (https://scholar.google.dk/) 20 

• The Turning Research into Practice (TRIP) Database (https://www.tripdatabase.com) 21 

• European Medicines Agency (EMA) (https://(www.clinicaltrialregister.eu) 22 

• United States Food and Drug Administration (FDA) (www.fda.gov) 23 

• China Food and Drug Administration (CFDA) (http://eng.sfda.gov.cn/WS03/CL0755/) 24 

• Medicines and Healthcare products Regulatory Agency 25 

(https://www.gov.uk/government/organisations/medicines-and-healthcare-products-26 

regulatory-agency) 27 
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• The World Health Organization (WHO) International Clinical trials Registry Platform 1 

(ICTRP) search portal (http://apps.who.int/trialsearch) 2 

Additionally, we will manually search conference abstracts from intensive care medicine 3 

conferences for relevant trials. We will also consider unpublished and grey literature trials relevant 4 

to the review, if we identify such trials. 5 

 6 

Appendix 5 7 

Classifying trials according to the different bias domains 8 

Random sequence generation  9 

• Low risk: If sequence generation was achieved using computer random number generator or 10 

a random number table. Drawing lots, tossing a coin, shuffling cards, and throwing dice 11 

were also considered adequate if performed by an independent adjudicator.  12 

• Unclear risk: If the method of randomisation was not specified, but the trial was still 13 

presented as being randomised.  14 

• High risk: If the allocation sequence is not randomised or only quasi-randomised. These 15 

trials will be excluded.  16 

 17 

Allocation concealment  18 

• Low risk: If the allocation of patients was performed by a central independent unit, on-site 19 

locked computer, identical-looking numbered sealed envelopes, drug bottles, or containers 20 

prepared by an independent pharmacist or investigator.  21 

• Uncertain risk: If the trial was classified as randomised but the allocation concealment 22 

process was not described.  23 

• High risk: If the allocation sequence was familiar to the investigators who assigned 24 

participants.  25 

 26 
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Blinding of participants and treatment providers  1 

• Low risk: If the participants and the treatment providers were blinded to intervention 2 

allocation and this was described.  3 

• Uncertain risk: If the procedure of blinding was insufficiently described.  4 

• High risk: If blinding of participants and the treatment providers was not performed. 5 

 6 

Blinding of outcome assessment  7 

• Low risk of bias: If it was mentioned that outcome assessors were blinded, and this was 8 

described.  9 

• Uncertain risk of bias: If it was not mentioned if the outcome assessors in the trial were 10 

blinded or the extent of blinding was insufficiently described.  11 

• High risk of bias: If no blinding or incomplete blinding of outcome assessors was performed 12 

 13 

Incomplete outcome data  14 

• Low risk of bias: If missing data were unlikely to make treatment effects depart from 15 

plausible values. This could be either (1) there were no drop-outs or withdrawals for all 16 

outcomes or (2) the numbers and reasons for the withdrawals and drop-outs for all outcomes 17 

were clearly stated and could be described as being similar to both groups. Generally, the 18 

trial is judged as at a low risk of bias due to incomplete outcome data if drop-outs are less 19 

than 5%. However, the 5% cut-off is not definitive.  20 

• Uncertain risk of bias: If there was insufficient information to assess whether missing data 21 

were likely to induce bias on the results.  22 

• High risk of bias: If the results were likely to be biased due to missing data either because 23 

the pattern of drop-outs could be described as being different in the two intervention groups 24 

or the trial used improper methods in dealing with the missing data (e.g. last observation 25 

carried forward).  26 A
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 1 

Selective outcome reporting  2 

• Low risk of bias: If a protocol was published before or at the time the trial was begun, and 3 

the outcomes specified in the protocol were reported on. If there is no protocol or the 4 

protocol was published after the trial has begun, reporting of all-cause mortality and serious 5 

adverse events will grant the trial a grade of low risk of bias.  6 

• Uncertain risk of bias: If no protocol was published and the outcome all-cause mortality and 7 

serious adverse events were not reported on.  8 

• High risk of bias: If the outcomes in the protocol were not reported on.  9 

 10 

For profit  bias 11 

• Low risk of bias: If the trial is not financed by a company that might have an interest in a 12 

given result. 13 

• Uncertain risk of bias: If there is no description of how the trial is financed. 14 

• High risk of bias: If the trial is financed by a company that might have an interest in a given 15 

result.  16 

 17 

Other risks of bias  18 

• Low risk of bias: If the trial appears to be free of other components (for example, academic 19 

bias or for-profit bias) that could put it at risk of bias.  20 

• Unclear risk of bias: If the trial may or may not be free of other components that could put it 21 

at risk of bias.  22 

• High risk of bias: If there are other factors in the trial that could put it at risk of bias (for 23 

example, authors conducted trials on the same topic, for profit bias, etc.).  24 
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Overall risk of bias  1 

• Low risk of bias: The trial will be classified as overall ‘low risk of bias’ only if all of the 2 

bias domains described in the above paragraphs are classified as ‘low risk of bias’.  3 

• High risk of bias: The trial will be classified as ‘high risk of bias’ if any of the bias risk 4 

domains described in the above are classified as ‘unclear’ or ‘high risk of bias’.  5 

 6 

Appendix 6 7 

Sensitivity analysis 8 

 9 

 ‘Best-worst-case’ scenario: We will assume that all participants lost to follow-up in the 10 

dexmedetomidine group have survived and had no serious adverse events. 11 

‘Worst-base-case’ scenario: We will assume that all participants lost to follow up in the 12 

dexmedetomidine group have not survived and had serious adverse events. 13 

When analysing quality of life, severity of delirium, and cognitive function a ‘beneficial outcome’ 14 

will be the group mean plus two standard deviations (we will secondly use one standard deviation in 15 

another sensitivity analysis) of the group mean and a ‘harmful outcome’ will be the group mean 16 

minus two standard deviations (we will secondly use one standard deviation in another sensitivity 17 

analysis) of the group mean (82). To assess the potential impact of missing standard deviations for 18 

continuous outcomes, we will perform the following sensitivity analysis.  19 

• Where standard deviations are missing, and it is not possible to calculate them, we will 20 

impute standard deviations from trials with similar populations and low risk of bias. If we 21 

find no such trials, we will impute standard deviations from trials with a similar population. 22 

As the final option, we will impute standard deviations from all trials.  23 

We will present results of this scenario in our review. 24 

To assess the potential impact of factorial and cluster-randomised trials, we will perform the 25 

following sensitivity analysis: 26 

• We will exclude cluster-randomised trials and factorial trials. 27 
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