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Summary
Background
Delirium is a frequently-occurring postoperative complication in the elderly which presages adverse outcomes. The authors evaluated whether prophylactic low-dose dexmedetomidine, a highly selective alpha-2 (α2) adrenoceptor agonist, could safely decrease the incidence of delirium in elderly patients after non-cardiac surgery. 
Methods
[bookmark: OLE_LINK217][bookmark: OLE_LINK218]This was a randomised, double-blind, parallel-arm and placebo-controlled trial performed in two tertiary-care hospitals in Beijing. Patients aged 65 years or older who were admitted to the Intensive Care Units (ICUs) after non-cardiac surgery were enrolled after informed consent; patients were assigned by a computer-generated randomization sequence in a 1:1 ratio to receive either dexmedetomidine (0.1 microgram/kg per hour, from ICU admission on the day of surgery until 8:00 am on postoperative day [POD] 1) or placebo (normal saline). Participants, care-providers and investigators were all blinded to group assignment. The primary end point was the incidence of delirium assessed twice daily with the Confusion Assessment Method for ICU during the first seven PODs. This study is registered with www.chictr.org.cn, number ChiCTR-TRC-10000802.
Findings
Between August 17, 2011 and November 20, 2013, 700 patients were randomly assigned to placebo (n = 350) or dexmedetomidine (n = 350) group. All patients were included in the intention-to-treat and safety populations. The incidence of postoperative delirium was significantly reduced from 22.6% [79/350] in the placebo group to 9.1% [32/350] in the dexmedetomidine group (odds ratio [OR] 0.35, 95% CI 0.22 to 0.54; p <0.0001). Regarding safety, the incidence of hypotension and bradycardia were not significantly increased, whereas the incidence of hypertension (17.7% [62/350] vs 9.7% [34/350]; OR 0.50, 95% CI 0.32 to 0.78; p = 0.002) and tachycardia (13.7% [48/350] vs 6.6% [23/350]; OR 0.44, 95% CI 0.26 to 0.75; p = 0.002) were both significantly decreased in dexmedetomidine as compared with placebo-treated patients.
Interpretation
For elderly patients admitted to the ICU after non-cardiac surgery, prophylactic low-dose dexmedetomidine significantly decreases the incidence of delirium during the first seven days after surgery. The therapy is relatively safe.
Funding
[bookmark: OLE_LINK150][bookmark: OLE_LINK155][bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: _GoBack]This study was funded by Braun Anaesthesia Scientific Research Fund and Wu Jieping Medical Foundation, Beijing, China. Study drugs were manufactured and supplied by Jiangsu Hengrui Medicine Co., Ltd, Jiangsu, China. Dr Maze is supported by National Institutes of Health of Health R01GM104194, Bethesda, Maryland, USA and Dr. Ma is supported by British Oxygen Chair grant, Royal College of Anaesthetists, and British Journal of Anaesthesia Fellowship grant, The National Institute of Academic Anaesthesia, London, UK.


Research in context
Evidence before this study
Delirium is a postoperative complication in up to 36.8% of surgical patients and its prevalence increases with age. The occurrence of delirium is associated with worse postoperative outcomes including increased morbidity and mortality, prolonged hospital stay, worse functional recovery and long-term decline in cognitive function. In hospitalized medical patients, an estimated 30-40% of delirium cases are thought to be due to modifiable risk factors and, hence, preventable. Whereas multiple approaches have been directed at various risk factors, there are no data to support pharmacological prophylaxis.
Added value of this study
[bookmark: OLE_LINK18][bookmark: OLE_LINK37]To our knowledge, this study for the first time demonstrated that prophylactic infusion of low-dose dexmedetomidine, an alpha-2 (α2) adrenoceptor agonist sedative, significantly decreases the incidence of postoperative delirium without increase in adverse events.
Implications of all available evidence
The sub-sedative dose of dexmedetomidine can be safely used for elderly ICU patients after surgery, both with and without endotracheal intubation, to prevent postoperative delirium. This novel intervention may enhance long-term recovery of elderly surgical patients. 

Introduction
[bookmark: OLE_LINK140][bookmark: OLE_LINK158][bookmark: OLE_LINK255][bookmark: OLE_LINK256][bookmark: OLE_LINK163][bookmark: OLE_LINK169][bookmark: OLE_LINK87][bookmark: OLE_LINK109][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK84][bookmark: OLE_LINK86][bookmark: OLE_LINK117][bookmark: OLE_LINK126]Delirium is a frequent postoperative complication; a systematic review revealed that postoperative delirium (POD) occurs in 36.8% of surgical patients, and its prevalence increases with age.1,2 The occurrence of delirium is associated with worse outcomes including increased morbidity and mortality, prolonged hospital stay, worse functional recovery and long-term decline in cognitive function.3-6 In hospitalized medical patients, an estimated 30-40% of delirium cases are thought to be due to modifiable risk factors and, hence, preventable.7 Multiple approaches aimed at minimizing the influence of risk factors in medical patients have yet to demonstrate improved outcome; particularly, there are no conclusive studies supporting pharmacological prophylaxis.8-10

[bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK7][bookmark: OLE_LINK33][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK147]Dexmedetomidine is a highly selective alpha-2 (α2) adrenoreceptor agonist that provides anxiolysis, sedation, and modest analgesia with minimal respiratory depression.11 Dexmedetomidine is increasingly used for sedation in mechanically-ventilated patients in the intensive care unit (ICU),12 where its use is associated with a lower incidence of delirium when compared with other sedatives.13-14 However, it is notable that in each of these delirium-sparing studies, dexmedetomidine was compared to an “active” sedative agent that modulates the -amino-butyric-acid type A (GABAA) receptors;13-15 these modulators of GABAA receptors, exemplified by benzodiazepines, may increase the incidence of delirium.16, 17 Therefore, another plausible explanation is that dexmedetomidine does not prevent the occurrence of delirium; rather, it does not increase the incidence of delirium as do modulators of the GABAA receptors. Furthermore, the targeted patients were mechanically ventilated which itself increases the risk of delirium.18 Thus, it is not clear whether dexmedetomidine has preventative effects against delirium in other patient populations, including non-ventilated patients. Lastly, the sedative dose of dexmedetomidine used in the above studies was associated with an increase in hypotension and/or bradycardia,15, 19 which limits a wider clinical application.12 Because dexmedetomidine dose-dependently induces haemodynamic changes,20 it will be important to determine whether a lower dose than that used in the above studies is still beneficial in decreasing delirium with less haemodynamic changes. 
[bookmark: OLE_LINK289][bookmark: OLE_LINK293]
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK38][bookmark: OLE_LINK39]It has been shown that sleep disturbances are common in postoperative patients, especially in those who are admitted to the ICU after major surgery;21, 22 poor sleep hygiene is associated with a higher incidence of postoperative delirium.23 In a recent study, night-time infusion of sedative dose dexmedetomidine improved the sleep architecture of mechanically ventilated ICU patients.24 With the above in mind, we conducted a feasibility study to test our hypothesis that low-dose dexmedetomidine infusion at a rate of 0.1 μg/kg per hour may be beneficial for patients’ sleep and beyond. We found that prophylactic infusion of low-dose dexmedetomidine improves the overall sleep quality measured by polysomnography and subjective evaluation. This finding encouraged us to perform the current large sample size randomised controlled trial to evaluate whether prophylactic intravenous infusion of a low-dose of dexmedetomidine decreases delirium in elderly patients admitted to the ICU after non-cardiac surgery. 

Methods
Study design
[bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK221][bookmark: OLE_LINK222]This randomised, double-blind, parallel-arm and placebo-controlled trial was designed to assess the superiority of the intervention and was conducted in the intensive care units (ICUs) of Peking University First Hospital and Peking University Third Hospital in Beijing, China. The study protocol (Appendix- section A) was approved by the local Clinical Research Ethics Committees (2011[10]) and registered with www.chictr.org.cn, number ChiCTR-TRC-10000802. Written informed consent (Appendix-section B) was obtained from patients whose competence was established by their accurate orientation for time, place, and person, as well as understanding the recruiter’s description of the trial, or otherwise from their next of kin, or their legal representative.

Patients
[bookmark: OLE_LINK351][bookmark: OLE_LINK352][bookmark: OLE_LINK17][bookmark: OLE_LINK47][bookmark: OLE_LINK273][bookmark: OLE_LINK274][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Potential participants were screened on ICU admission. The inclusion criteria were elderly patients aged 65 years or older who underwent elective non-cardiac surgery under general anaesthesia and were admitted to the ICU after surgery before 8:00 pm. Patients were excluded if they met any of the following criteria: (1) preoperative history of schizophrenia, epilepsy, Parkinsonism or myasthenia gravis; (2) inability to communicate in the preoperative period (coma, profound dementia or language barrier); (3) brain injury or neurosurgery; (4) known preoperative left ventricular ejection fraction < 30%, sick sinus syndrome, severe sinus bradycardia (< 50 beats per minute), or second-degree or greater atrioventricular block without pacemaker; (5) serious hepatic dysfunction (Child-Pugh class C); (6) serious renal dysfunction (undergoing dialysis before surgery); or (7) unlikely to survive for more than 24 hours. 
Randomisation, study drug administration, and patient management
[bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK134][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK133][bookmark: OLE_LINK135]A biostatistician, who was independent of data management and statistical analyses, generated random numbers in a 1:1 ratio using the SAS 9.2 software (SAS Institute, Cary, NC). Study drugs (dexmedetomidine hydrochloride 200 g/2 mL and normal saline 2 mL) were provided as clear aqueous solutions in the same 3 mL bottles (manufactured by Jiangsu Hengrui Medicine Co., Ltd, Jiangsu, China) and dispensed according to the randomisation results by a pharmacist who did not participate in the rest of the study. The results of randomisation were sealed in sequentially numbered envelopes and stored at the site of investigation until the end of the study. The study drugs were diluted with normal saline to 50 mL (i.e., dexmedetomidine hydrochloride final concentration was 4 g/mL) before administration.

[bookmark: OLE_LINK283][bookmark: OLE_LINK284][bookmark: OLE_LINK206][bookmark: OLE_LINK207][bookmark: OLE_LINK48][bookmark: OLE_LINK115][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK209][bookmark: OLE_LINK210][bookmark: OLE_LINK212][bookmark: OLE_LINK211][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK42][bookmark: OLE_LINK53][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK45][bookmark: OLE_LINK46]During the study period, consecutively recruited ICU patients were randomly assigned to receive either dexmedetomidine or placebo (normal saline) by a study nurse who administered the study drugs according to the randomisation sequence. For patients who were not intubated, study drugs were administered as a continuous intravenous infusion at a rate of 0.025 mL/kg per hour(0.1 μg/kg per hour of dexmedetomidine in the treatment group) from study recruitment on the day of surgery (usually within 1 hour after ICU admission) until 8:00 am on the first day after surgery. For those who were intubated and mechanically ventilated, the study drug infusion was started only after sedative (propofol and/or midazolam) administration was titrated to a Richmond Agitation Sedation Scale (RASS)25 of -2 or higher (assessed hourly). 
[bookmark: OLE_LINK290][bookmark: OLE_LINK270][bookmark: OLE_LINK373][bookmark: OLE_LINK372]
[bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK111][bookmark: OLE_LINK110][bookmark: OLE_LINK75][bookmark: OLE_LINK76]Study personnel, healthcare team members and patients were blinded to the treatment group assignment throughout the study period. In case of an emergency (e.g., unexpected, rapid deterioration in the patient’s clinical status), intensivists could request unmasking of the treatment allocation or adjust/interrupt study drug infusion if considered necessary. These situations were documented; nonetheless, analyses were performed on the intention-to-treat population.

[bookmark: OLE_LINK237][bookmark: OLE_LINK238][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK241][bookmark: OLE_LINK242][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK243][bookmark: OLE_LINK244][bookmark: OLE_LINK239][bookmark: OLE_LINK240]Postoperative analgesia was provided with patient-controlled intravenous or epidural analgesia. For patients who did not receive patient-controlled analgesia or those who required analgesia in addition to that provided from patient-controlled dispensers, morphine and/or non-steroid anti-inflammatory drugs (flurbiprofen axetil) were administered via intravenous infusion or bolus injection. For mechanically-ventilated patients, sedation was provided with propofol and/or midazolam via intravenous infusion or bolus injection, as well as morphine as necessary, titrated to achieve a RASS between -2 and +1 (assessed every 4 hours). Daily sedation interruption was employed for those who were not extubated by the morning of postoperative day 1. Patients were extubated when they met the following three criteria: (i) adequate gas exchange during a spontaneous breathing trial, (ii) stable hemodynamic status (+/- 20% from baseline) and (iii) a level of consciousness associated with reflexes that protect the airway.

[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK34][bookmark: OLE_LINK59][bookmark: OLE_LINK118][bookmark: OLE_LINK137][bookmark: OLE_LINK183][bookmark: OLE_LINK184]Multiple approaches to reduce the occurrence of delirium were instituted as part of standard operating procedures for ICU patients; these included repeated reorientation, cognitive stimulation, early mobilization, sleep-promotion strategies, hearing or vision aids, and timely correction of dehydration.8, 26 For patients who developed postoperative delirium, non-pharmacological strategies were first applied.27 Haloperidol treatment was administered to those with severe agitation (RASS score of +3 or higher) unresponsive to non-pharmacological therapy.28 For all enrolled patients, open-labelled dexmedetomidine was not allowed; scopolamine and penehyclidine were prohibited; atropine was used only for the purpose of reversing bradycardia. ICU discharge was decided by the responsible intensivists; hospital discharge was decided by the responsible surgeons. Time of actual discharge was recorded.

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Outcome measures and safety endpoints
[bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK60][bookmark: OLE_LINK108]Outcome assessment was performed by research members who were trained prior to the study and not involved in the clinical care of patients. The primary endpoint was the incidence of delirium during the first seven days after surgery. The first assessment of postoperative (also referred to as interval) delirium was done approximately 24 hours after surgery29; the timing of this first assessment was selected to avoid diagnosing emergence delirium that can occur immediately after general anesthesia and is not associated with adverse outcomes30, 31 Twice daily (in the morning from 8:00 am to 10:00 am and in the evening from 6:00 pm to 8:00 pm) until the seventh day after surgery, delirium was assessed by the Confusion Assessment Method for the ICU (CAM-ICU),32 which has been validated in Chinese patients in the ICU setting33 and the feasibility of which had been established in our prior studies.34, 35 CAM-ICU addresses the four features of delirium, namely, (i) acute onset of mental status changes or a fluctuating course, (ii) inattention, (iii) disorganized thinking and (iv) altered level of consciousness. To achieve the diagnosis of delirium, a patient had to display the first two aforementioned features, with either the third or fourth components. Immediately prior to assessing delirium, the level of sedation/agitation was assessed using the RASS. If the patient was too deeply sedated or unarousable (-4 or -5 on the RASS), delirium assessment was aborted and the patient was recorded as comatose. If the RASS score was > -4 (-3 through +4), delirium was assessed using the CAM-ICU (Appendix-section C). Patients with delirium were classified into three motoric subtypes. Hyperactive delirium was defined when the RASS scores were persistently positive (+1 to +4); hypoactive delirium was defined when the RASS scores were persistently neutral or negative (between 0 and -3); and mixed delirium was defined when some RASS scores were positive (+1 to +4) whereas some RASS scores were neutral or negative (between 0 and -3).36, 37 For patients who were discharged or died within seven days after surgery, the results of the last delirium assessment were considered the results of the missing data. These patients were excluded when calculating daily prevalence of delirium in a post-hoc analysis.

[bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Secondary endpoints included time to extubation (from ICU admission to extubation), length of stay in the ICU (from ICU admission to ICU discharge), length of stay in the hospital after surgery (from day of surgery to hospital discharge), occurrence of non-delirium postoperative complications, and all-cause 30-day mortality. Non-delirium complications were generally defined as medical events other than delirium that required therapeutic intervention and occurred within 30 days after surgery (Appendix- section D: the diagnostic criteria of each specific complication). Additional pre-specified endpoints included postoperative pain intensity and subjective sleep quality. Pain intensity both at rest and with movement was assessed using the Numeric Rating Scale (NRS, an 11-point scale where 0 indicated no pain and 10 indicated the worst possible pain) at 3, 6, and 24 hours after surgery. Subjective sleep quality was assessed using the NRS as well (an 11-point scale where 0 indicated the best possible sleep and 10 indicated the worst possible sleep)38 at 8:00 am on the 1st, 2nd, and 3rd days after surgery. Assessments of pain and sleep were only performed if the RASS score was > -4 (-3 through +4). 

[bookmark: OLE_LINK12][bookmark: OLE_LINK112][bookmark: OLE_LINK127][bookmark: OLE_LINK162]Adverse events were monitored until 24 hours after surgery or until its disappearance. Bradycardia was defined as heart rate < 55 beats per minute or a decrease of more than 20% from baseline (in case of a baseline value [before study drug infusion] < 69 beats per minute). Hypotension was defined as systolic blood pressure < 95 mmHg or a decrease of more than 20% from baseline (in case of a baseline value < 119 mmHg). Tachycardia was defined as heart rate > 100 beats per minute or an increase of more than 20% from baseline (in case of a baseline value > 83 beats per minute). Hypertension was defined as systolic blood pressure > 160 mmHg or an increase of more than 20% from baseline (in case of a baseline value > 133 mmHg). Hypoxemia was defined as pulse oxygen saturation < 90% or a decrease of more than 5% (absolute value) from baseline. Intervention for bradycardia, tachycardia, and hypertension included adjustment of study drug infusion and/or administration of medication. Intervention for hypotension included adjustment of study drug infusion, intravenous fluid bolus, and/or administration of medication. Intervention for hypoxemia included administration of oxygen (for patients without endotracheal intubation), adjustment of ventilator setting (for patients with endotracheal intubation), and/or physiotherapy. 

[bookmark: OLE_LINK88][bookmark: OLE_LINK89]Patients were followed-up weekly after the first week until 30 days after surgery. All-cause 30-day mortality was recorded (Appendix-section E).

Statistical analysis 
Sample size determination
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK54][bookmark: OLE_LINK77]In our recent study, the incidence of postoperative delirium in a comparable patient population was 27.7%. In previous studies, the incidence of delirium was reduced by roughly 1/3 when dexmedetomidine was used in the ICU for sedating mechanically ventilated patients.14, 15 Thus, we assumed that the incidence of delirium would be reduced by 1/3 in the dexmedetomidine group in this study. With significance and power set at 0.05 and 80% respectively, the sample size required to detect differences was 656 patients which was calculated with the STATA 10.0 software (StataCorp LP, College Station, TX). Taking into account a loss-to-follow-up rate of about 6%, we planned to enroll 700 patients. 

[bookmark: OLE_LINK96][bookmark: OLE_LINK97]Effectiveness and safety analysis
[bookmark: OLE_LINK78][bookmark: OLE_LINK83][bookmark: OLE_LINK116][bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK285][bookmark: OLE_LINK286]Numeric variables were analysed using an unpaired T-test or Mann-Whitney U test. Categorical variables were analysed using the Chi-square test, continuity correction Chi-squared test or likelihood ratio Chi-square test. The difference (and 95% confidence interval for the difference) between two medians is estimated using the methodology of Hodges-Lehmann. Time-to-event results were calculated using the Kaplan-Meier estimator, with differences between groups assessed by the log-rank test. Number needed to treat was estimated for the primary endpoint during a 7-day follow-up period. Since management of patients with or without endotracheal intubation on ICU admission is different, post-hoc subgroup analyses were also performed. 

[bookmark: OLE_LINK297][bookmark: OLE_LINK298][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Outcome data and safety were analysed in the intention-to-treat population. We also performed per-protocol analysis for the primary endpoint. No interim analysis was performed. Statistical analyses were performed on SPSS 14.0 software (SPSS, Chicago, IL) and SAS 9.2 software (SAS Institute, Cary, NC) with 2-tailed tests wherever appropriate and p values less than 0.05 were considered to be of statistical significance. The Clinical Research Ethics Committee from Peking University First Hospital was involved in overseeing the data.

Role of the funding source
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]The study sponsors had no role in study design; in the collection, analysis, and interpretation of data; in the writing of the report; and in the decision to submit the paper for publication study. Doctors X Su and DX Wang had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. The corresponding authors have final responsibility for the decision to submit for publication.


Results
Patient population
[bookmark: OLE_LINK299][bookmark: OLE_LINK300]Between August 17, 2011 and November 20, 2013, 2016 patients were screened for study participation; 835 patients met the inclusion/exclusion criteria and were invited to take part; 700 patients consented and were randomised into the study. During the study period, there were no lapses in the blinding. Study drug infusion was modified in 48 patients because of adverse events. Delirium assessment was completed in all patients on the first day of ICU admission. No assessment was aborted because of deep sedation. 143 patients were discharged from the hospital within seven days after surgery. Two patients died, both on postoperative day 2. Each of these patients was included in the final intention-to-treat analyses (Figure 1). The final visit of the last randomised patient was performed on December 20, 2013. 

Overall, the two groups were well matched for baseline and perioperative variables, except that the percentage of patients with preoperative renal dysfunction (serum creatinine > 177 µmol/L) was lower (p = 0.010) and the percentage of patients who required intraoperative blood transfusion was less (p = 0.041) in the dexmedetomidine group than in the placebo group (Appendix-section F and Table1). After randomisation, similar proportion of patients received supplemental sedation in both groups. However, among patients who received propofol sedation (for mechanical ventilation) after surgery, the total dose of propofol was less (p = 0.036) in the dexmedetomidine group than in the placebo group (Table 1).

Effectiveness analysis
[bookmark: OLE_LINK102][bookmark: OLE_LINK103]The overall incidence of postoperative delirium was reduced from 22.6% (79/350) with placebo to 9.1% (32/350) with dexmedetomidine (odds ratio [OR] 0.35, 95% CI 0.22 to 0.54; p < 0.0001), with number needed to treat of 7.4 (95% CI 5.3 to 12.3) during a 7-day follow-up. Per-protocol analysis also demonstrated a similar difference in the incidence of delirium between groups (22.2% [74/334] with placebo vs 9.1% [29/318] with dexmedetomidine; OR 0.35, 95% CI 0.22 to 0.56; p< 0.0001). Post-hoc analyses showed that daily prevalence of delirium was significantly lower in the dexmedetomidine group than in the placebo group on postoperative days 1-3 (OR 0.28, 95% CI 0.16 to 0.50, p < 0.0001; OR 0.43, 95% CI 0.24 to 0.77, p = 0.005; and OR 0.26, 95% CI 0.13 to 0.53, p < 0.0001, respectively, Figure 2). The reduction in the incidence of delirium remained when patients were stratified according to the intubation status on ICU admission (with endotracheal intubation: OR 0.32, 95% CI 0.19 to 0.55, p< 0.0001; without endotracheal intubation: OR 0.38, 95% CI 0.17 to 0.82, p = 0.014). Each of the three motoric subtypes of delirium was significantly decreased in the dexmedetomidine group (p < 0.0001). The delirium-sparing effect of low-dose dexmedetomidine became significant when the duration of infusion was 12.25 hours or longer (Table 2).

[bookmark: OLE_LINK136][bookmark: OLE_LINK139]For patients with endotracheal intubation on ICU admission, the time to extubation was reduced from median 6.9 hours (95% CI 5.2 to 8.6) with placebo to 4.6 hours (95% CI 3.4 to 5.8) with dexmedetomidine (hazard ratio [HR] 1.25, 95% CI 1.02 to 1.53, p = 0.031). For all patients, the aggregate incidence of non-delirium complications was reduced from 20.9% (73/350) with placebo to 14.9% (52/350) with dexmedetomidine (OR 0.66, 95% CI 0.45 to 0.98, p = 0.039) (Appendix-section G: the detailed occurrence of postoperative complications), the length of stay in the ICU was shortened from 21.5 hours (95% CI 20.7 to 22.3) with placebo to 20.9 hours (95% CI 20.4 to 21.4) with dexmedetomidine (HR 1.18, 95% CI 1.02 to 1.37, p = 0.027); no significant differences between the two groups were detected regarding length of stay in hospital after surgery and all-cause 30-day mortality. However, in a post-hoc analysis, the percentage of patients who were discharged from hospital within seven days after surgery was higher in the dexmedetomidine group (23.7% [83/350] vs17.1% [60/350] with placebo; OR 1.50, 95% CI 1.04 to 2.18, p = 0.032) (Table 2). 

The NRS pain scores both at rest and with movement were significantly lower in the dexmedetomidine group than in the placebo group at 3, 6 and 24 hours after surgery (all p ≤ 0.001); however, the mean difference of NRS pain score between groups is small (0 to -1 point). The NRS scores of subjective sleep quality were also significantly lower (i.e., better) in the dexmedetomidine group than in the placebo group at 8:00 am on the 1st, 2nd and 3rd days after surgery(all p < 0.0001) (Table 2). 

Safety analyses
[bookmark: OLE_LINK214][bookmark: OLE_LINK267]The RASS score at the end of study drug infusion were similar between the two groups. There were no significant differences between the two groups with regard to the incidence of bradycardia and hypotension as well as the percentage of patients requiring intervention for these adverse events. On the other hand, the incidence of tachycardia (p = 0.002), hypertension (p = 0.002), and hypoxemia (p = 0.001) were significantly lower, and, accordingly, the percentages of patients who required intervention for tachycardia (p = 0.005) and hypertension (p = 0.016) were significantly less in the dexmedetomidine group than in the placebo group. However, the percentages of patients in whom the study drug infusion was modified (infusion rate decreased, or infusion interrupted temporarily or permanently) were significantly greater (p = 0.046) in the dexmedetomidine group than in the placebo group (Table 3). 

Discussion
[bookmark: OLE_LINK248][bookmark: OLE_LINK249]Generalisability
Our results show that, in elderly patients admitted to the ICU after non-cardiac surgery, a prophylactic low-dose dexmedetomidine infusion significantly decreases the incidence of delirium during the first seven days after surgery. This is true for patients either with or without endotracheal intubation on ICU admission and for all three motoric subtypes of delirium. Dexmedetomidine also significantly improves the subjective quality of sleep, decreases the incidence of non-delirium complications, shortens the length of stay in the ICU and increases the percentage of early hospital discharge, but does not significantly increase adverse events. To our knowledge, this is the first sufficiently powered randomised study that demonstrates the benefit of low-dose dexmedetomidine infusion in this surgical patient population.

Interpretation
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK85][bookmark: OLE_LINK92][bookmark: OLE_LINK81][bookmark: OLE_LINK82]In the present study, postoperative delirium developed in 22.6% of patients in the placebo group, similar to previous studies.1, 2, 18, 34 In keeping with previous reports, the incidence of postoperative delirium was higher in the patients with endotracheal intubation on ICU admission than in those without (28.8% vs 15.1%).1, 3, 39 This may be due to a more severe underlying condition in intubated patients on ICU admission (APACHE II score: 10.9  4.0 vs 9.8  2.9), which is associated with an increased risk of postoperative delirium.5, 40 Secondly, our protocol permitted the use of supplemental sedatives and/or analgesics in mechanically-ventilated patients during ICU stay; consequently more of these patients received supplemental propofol (91.1% vs 2.8%), midazolam (10.2% vs 6.0%) and morphine (41.9% vs 12.9%), each of which may increase the risk of postoperative delirium.16, 41

[bookmark: OLE_LINK93][bookmark: OLE_LINK98][bookmark: OLE_LINK101][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK128][bookmark: OLE_LINK129][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK154]Dexmedetomidine has been used for sedation in mechanically ventilated ICU patients at an infusion rate from 0.2 to 1.7 g/kg per hour with or without a loading dose;13-15 these sedative doses of dexmedetomidine are associated with adverse events, especially hypotension and bradycardia.13-15, 19 In the present study, a loading dose of dexmedetomidine was not administered and a sub-sedative infusion rate (i.e., 0.1 g/kg per hour) was delivered. The RASS scores were similar between the two groups, indicating that this low-dose dexmedetomidine did not produce significant sedation. Our protocol was designed to insure a period of study drug infusion from ICU admission on the day of surgery until 8:00 am on the first postoperative morning for a number of reasons. Firstly, any prophylactic pharmacological intervention should be initiated early since the prevalence of delirium is at its highest during the early postoperative hours.40 Secondly, study drug infusion should cover the night-time hours in order to improve patients’ sleep quality since dexmedetomidine’s central action converges on the endogenous sleep-promoting pathway.42 Thirdly, we anticipated that about half of the elective surgical population that require ICU admission would likely be discharged from the ICU within 24 hours; by terminating infusion of dexmedetomidine at 8:00 am on the first postoperative day, enough time will elapse to enable a drug with a terminal elimination half-life of 3.7 hours to be cleared from the plasma by the time the patient is discharged from the ICU.43
[bookmark: OLE_LINK191][bookmark: OLE_LINK192]
[bookmark: OLE_LINK199][bookmark: OLE_LINK200][bookmark: OLE_LINK268][bookmark: OLE_LINK269]While previous studies had shown that the occurrence of delirium was reduced in patients randomised to sedative-inducing doses of dexmedetomidine vs an alternative sedative-hypnotic (benzodiazepines and propofol) and/or analgesic (opiates) in mechanically ventilated patients,13-15, 41 it was unclear whether those patients benefitted through a prophylactic action of dexmedetomidine or by avoiding delirium-inducing sedatives and analgesics per se. Our study was placebo-controlled and similar proportion of patients received supplemental sedation in both groups although the total consumed propofol dose was less in the patients who received dexmedetomidine (Table 1). In addition, post-hoc subgroup analysis showed that dexmedetomidine was effective in preventing postoperative delirium in both the intubated and non-intubated patients; while the absolute effect size for the delirium-reducing improvement was higher in the intubated patients (17.3% vs 8.8%), the relative improvement (60% vs 58%) is quite similar (Table 2). Importantly, our data also showed that the delirium-sparing effect of low-dose dexmedetomidine is dose-dependent because there is a significant negative correlation between the amount of dexmedetomidine delivered (infusion duration  rate) and the probability of developing delirium (Pearson correlation coefficient = -0.190, p < 0.0001). Moreover, dexmedetomidine’s effect in preventing delirium was not limited to the period of drug infusion but extended up to the third postoperative days (Figure 2). Collectively, taking the current and previous studies together, one can state with greater confidence that the inclusion of dexmedetomidine was the reason for the delirium-reducing effect.

It is interesting to note that dexmedetomidine significantly decreased the incidence of hypoxemia in our patients; others had shown that postoperative hypoxemia, independently, contributes to the development of delirium.23, 44 The underlying mechanism for dexmedetomidine’s hypoxemia-sparing action was not directly investigated; preclinical studies highlight its pulmonary protective effect following remote organ injury.45 However, this could also just be a coincident significant finding and warrants further study.

[bookmark: OLE_LINK166][bookmark: OLE_LINK170][bookmark: OLE_LINK142][bookmark: OLE_LINK159]Dexmedetomidine can provide analgesia by acting on the 2 adrenergic receptors in the spinal cord.46-47 Our results also showed that a lower dose of dexmedetomidine significantly decreased postoperative NRS pain score for up to 24 hours after surgery. However, the magnitude of this decrease is small and, therefore, unlikely to have clinical significance. Nevertheless, pain per se, is a risk factor for the development of delirium;48 using a delirium-sparing pharmacoprophylaxis would seem to be a better strategy than increasing putative delirium-enhancing analgesic drugs to combat postoperative pain.

[bookmark: OLE_LINK175][bookmark: OLE_LINK176][bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK219][bookmark: OLE_LINK220]The current study demonstrated that dexmedetomidine infusion significantly improved the subjective sleep quality of postoperative ICU patients and this benefit persisted beyond the period of drug infusion, i.e., for three postoperative days, which is consistent with significant reduction in daily delirium prevalence. Dexmedetomidine exerts its hypnotic properties by activating the endogenous sleep-promoting pathway and produces a stage II non-rapid eye movement sleep-like state.42, 49 In mechanically-ventilated ICU patients, night-time infusion of dexmedetomidine (0.2-0.7 μg/kg per hour) preserved day-night sleep cycles.50 We speculated that producing a state akin to natural sleep with dexmedetomidine would seem to be a better strategy than using delirium-enhancing sedative-hypnotics, such as benzodiazepines, that produce an immobilized state that is unlike natural sleep.16, 51

Apart from the dexmedetomidine-induced improvements in hypoxemia, analgesia and sleep that were demonstrated in this study, a possible mechanism for dexmedetomidine’s postoperative delirium-reducing property may also be attributed to its actions on inflammation that are evident both clinically52-55 and in preclinical models.56-64 A strong association has been shown between elevated biomarkers of inflammation and the risk for developing delirium;65 the causal nature of this relationship has been repeatedly shown in preclinical studies.66-69 As biomarkers of inflammation were not measured it is not possible to determine whether low-dose dexmedetomidine infusion suppresses the inflammation associated with the aseptic trauma of surgery.

Regarding safety, our data reveal that dexmedetomidine-induced bradycardia and hypotension were not significantly increased, possibly because of the very low doses that were used, whereas hypertension and tachycardia were both significantly decreased in dexmedetomidine-treated patients. However, our study was powered for effectiveness, but not safety; a larger scale study will be required to rule out possible safety concerns. Nevertheless, the haemodynamic-stabilizing property of dexmedetomidine may be beneficial as it reduces adverse cardiac events in high-risk patients.70, 71 Although we did not observe significant differences in cardiovascular events in the present study, the overall incidence of postoperative complications was significantly decreased in the dexmedetomidine group. 

[bookmark: OLE_LINK171][bookmark: OLE_LINK172][bookmark: OLE_LINK179][bookmark: OLE_LINK180]In line with previous reports,72 our data demonstrated that dexmedetomidine shortened the duration of mechanical ventilation and the length of ICU stay, and increased the percentage of early hospital discharge. The above-mentioned effects produced by dexmedetomidine infusion, including enhanced haemodynamic stability and lowered incidence of delirium and non-delirium complications, may each contribute to these results.1, 3,73 However, our study does not provide causal relationships between the various concurrent outcomes. Interestingly, in line with our data, a recent small study has shown that dexmedetomidine decreases time to extubation in mechanically ventilated ICU patients that have agitated delirium. 74

Limitations 
[bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK291][bookmark: OLE_LINK292][bookmark: OLE_LINK197][bookmark: OLE_LINK198][bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK251][bookmark: OLE_LINK252][bookmark: OLE_LINK106][bookmark: OLE_LINK107]While there are a number of strengths of our pragmatic study, including enrollment of a sufficiently-large sample size (700 surgical patients) to achieve significant differences in the primary as well as some of the secondary end-points between the two groups, there are several limitations. Firstly, the ICU is a noisy and task-intensive environment that places patients at risk for delirium through sleep deprivation and sleep fragmentation. As we only enrolled ICU surgical patients, it is not certain that low-dose dexmedetomidine infusion will lessen sleep disruptions and, thereby, decrease delirium in postoperative patients in non-ICU settings or medical patients in the ICU. Secondly, all participants were screened and enrolled after ICU admission and did not perform baseline delirium as well as cognitive function assessment. Therefore, we cannot preclude the potential bias introduced by preoperative imbalance of baseline conditions. However, strict randomisation and large sample size may have helped to balance these factors between groups. Thirdly, despite strict randomisation, some baseline and perioperative parameters were not well balanced between the two groups, a not uncommon feature in randomised controlled trials. Therefore, we cannot preclude the potential bias produced by imbalance of these factors. Lastly, it has been noted that CAM-ICU may not be as sensitive as other tools, e.g. 3D-CAM, for delirium assessment especially for other ethnic groups75, 76 and in non-ICU settings.77

Conclusions
[bookmark: OLE_LINK277][bookmark: OLE_LINK278]Our study demonstrated that, in elderly patients admitted to the ICU after non-cardiac surgery, prophylactic low-dose dexmedetomidine infusion significantly decreased the incidence of postoperative delirium. The administration of low-dose dexmedetomidine did not significantly increase the incidence of bradycardia and hypotension but it significantly decreased the incidence of hypertension, tachycardia and hypoxemia. However, whether the favorable effects afforded by this novel application of dexmedetomidine result in improved long-term outcomes remain unknown. 
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[bookmark: OLE_LINK275]Table 1. Perioperative variables 
	
	Placebo
(n=350)
	Dexmedetomidine
(n=350)

	Benzodiazepine use in preoperative night
	39 (11.1%)
	40 (11.4%)

	Type of anaesthesia
	
	

	  General
	290 (82.9%)
	288 (82.3%)

	  Combined epidural-general
	60 (17.1%)
	62 (17.7%)

	Intraoperative medication
	
	

	  Midazolam
	173 (49.4%)
	153 (43.7%)

	Dexamethasonea
	260 (74.3%)
	262 (74.9%)

	  Other glucocorticoids
	80 (22.9%)
	77 (22.0%)

	Atropineb
	36 (10.3%)
	38 (10.9%)

	Duration of anaesthesia (minute)
	320 (156)
	307 (135)

	Surgery for malignant tumor
	252 (72.0%)
	274 (78.3%)

	Type of surgery
	
	

	  Intra-abdominal
	235 (67.1%)
	240 (68.6%)

	  Intra-thoracic
	56 (16.0%)
	64 (18.3%)

	  Spinal and extremital
	24 (6.9%)
	12 (3.4%)

	  Superficial and transurethral 
	35 (10.0%)
	34 (9.7%)

	Duration of surgery (minute)
	238 (148)
	219 (124)

	Estimated blood loss during surgery (mL)
	250 (100 to 600)
	200 (100 to 500)

	Blood transfusion during surgery
	67 (19.1%)
	47 (13.4%)

	Total intraoperative infusion (mL)
	2600 (1600 to 4100)
	2400 (1600 to 3600)

	Patients with endotracheal intubation on ICU admission
	191 (54.6%)
	191 (54.6%)

	APACHE II score on ICU admission (score)
	10.6 (3.9)
	10.2 (3.3)

	Duration of study drug infusion(hours)
	14.56 (3.40)
	14.95 (3.30)

	Postoperative analgesia
	
	

	  None 
	34 (9.7%)
	39 (11.1%)

	  Patient-controlled intravenous analgesiac
	264 (75.4%)
	252 (72.0%)

	  Patient-controlled epidural analgesiad
	52 (14.9%)
	59 (16.9%)

	Use of other analgesics/sedatives during the first 7 postoperative days
	
	

	Propofol
	178 (50.9%)
	179 (51.1%)

	Propofol (mg)e
	275 (120 to 530)
	200 (120 to 400)

	Flurbiprofen axetil
	110 (31.4%)
	116 (33.1%)

	Flurbiprofen axetil(mg)e
	100 (50 to 100)
	100 (62.5 to 150)

	  Morphine
	102 (29.1%)
	99 (28.3%)

	Morphine (mg)e
	3.5 (2 to 6)
	4 (2 to 7)

	  Midazolam
	34 (9.7%)
	24 (6.9%)

	Midazolam (mg)e
	2.5 (1 to 6.1)
	4 (2 to 10)


Data are number (%), mean (SD) or median (interquartile range). ICU = intensive care unit; APACHE II = Acute Physiology and Chronic Health Evaluation II score. aFor prophylaxis of postoperative nausea and vomiting. bAdministered in combination with neostigmine, for reversal of residual neuromuscular blockade. cEstablished with 100 mL of 0.5 mg/mL morphine or 1.25 μg/mL sufentanil, programmed to deliver a 2-mL bolus with a lockout interval of 6-10 minutes and a background infusion of 1 mL/hr. dEstablished with 250 mL of 0.12% ropivacaine plus 0.5 μg/mL sufentanil, programmed to deliver a 2-mL bolus with a lockout interval of 20 minutes and a background infusion of 4 mL/hr. eDosage among patients who had received the drugs. 
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Table 2.Effectiveness outcomes 
	
	Placebo(n=350)
	Dexmedetomidine
(n=350)
	OR, HR or difference(95% CI)
	p value

	Primary endpoint
	
	
	
	

	Overall incidence of deliriuma
	79 (22.6%)
	32 (9.1%)
	0.35 (0.22 to 0.54)
	< 0.0001

	Secondary endpoints
	
	
	
	

	Time to extubationb (hour)
	6.9 (5.2 to 8.6)(n = 191)
	4.6 (3.4 to 5.8)(n = 191)
	1.25* (1.02 to 1.53)
	0.031

	Overall incidence of non-delirium complicationsc
	73 (20.9%)
	52 (14.9%)
	0.66(0.45 to 0.98)
	0.039

	Length of stay in ICU(hour)
	21.5 (20.7 to 22.3)
	20.9 (20.4 to 21.4)
	1.18* (1.02 to 1.37)
	0.027

	Length of stay in hospital after surgery (day)
	11.0 (10.2 to 11.8)
	10.0 (9.2 to 10.8)
	1.09* (0.94 to 1.27)
	0.24

	All-cause 30-day mortality
	4 (1.1%)
	1 (0.3%)
	0.25 (0.03 to 2.23)
	0.21

	Pre-specified analyses
	
	
	
	

	NRS for pain at restd(score)
	
	
	
	

	  3 hours after surgery
	2 (1 to 4)
	2 (0 to 3)
	0 (-1 to 0)
	<0.0001

	  6 hours after surgery
	2 (1 to 3)
	1 (0 to 2)
	-1 (-1 to 0)
	<0.0001

	  24 hours after surgery
	1 (0 to 3)
	1 (0 to 2)
	0 (-1 to 0)
	<0.0001

	NRS for pain with movementd (score)
	
	
	
	

	  3 hours after surgery 
	3 (2 to 5)
	3 (2 to 4)
	-1 (-1 to 0)
	<0.0001

	  6 hours after surgery 
	3 (2 to 4)
	2 (1 to 3)
	-1 (-1 to 0)
	<0.0001

	  24 hours after surgery
	2 (1 to 4)
	2 (1 to 3)
	0 (-1 to 0)
	0.001

	NRS for subjective sleep qualityd(score)
	
	
	
	

	  1stmorning after surgery
	4 (2 to 6)
	2 (0 to 4)
	-2 (-2 to -2)
	<0.0001

	  2ndmorning after surgery
	4 (2 to 6)
	2 (1 to 5)
	-1 (-1 to -1)
	<0.0001

	  3rdmorning after surgery
	4 (2 to 5)
	2 (0 to 4)
	-1 (-2 to -1)
	<0.0001

	Exploratory analyses
	
	
	
	

	Time to onset of delirium (day)
	5.8 (5.5 to 6.0)
	6.5 (6.4 to 6.7)
	0.39* (0.26 to 0.58)
	< 0.0001

	Incidence of delirium according to intubation status on ICU admission
	
	
	
	

	With endotracheal intubation
	55 (28.8%) (n = 191)
	22 (11.5%) (n = 191)
	0.32 (0.19 to 0.55)
	< 0.0001

	Without endotracheal intubation
	24 (15.1%) (n = 159)
	10 (6.3%) (n = 159)
	0.38 (0.17 to 0.82)
	0.014

	Incidence of delirium according to duration of study drug infusione
	
	
	
	

	<12.25 hours
	17 (18.3%) (n=93)
	11 (14.3%) (n=82)
	0.75 (0.33 to 1.70)
	0.49

	≥ 12.25, but < 15.00 hours
	17 (25.0%) (n=68)
	7 (10.3%) (n=68)
	0.34 (0.13 to 0.90)
	0.029

	≥ 15.00, but <17.58 hours
	26 (24.3%) (n=107)
	7 (6.3%) (n=111)
	0.21 (0.09 to 0.51)
	0.001

	≥ 17.58 hours
	19 (23.2%) (n=82)
	7 (7.4%) (n=94)
	0.27 (0.11 to 0.67)
	0.005

	Motoric subtype of delirium
	
	
	
	< 0.0001

	  None
	271 (77.4%)
	318 (90.9%)
	
	

	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]  Hypoactive 
	42 (12.0%)
	20 (5.7%)
	
	

	  Hyperactive 
	13 (3.7%)
	3 (0.9%)
	
	

	  Mixed 
	24 (6.9%)
	9 (2.6%)
	
	

	Haloperidol treatment
	2 (0.6%)
	1 (0.3%)
	
	> 0.99

	Time to onset of non-delirium complications (day)
	24.6 (23.5 to 25.7)
	26.3 (25.4 to 27.3)
	0.68* (0.48 to 0.98)
	0.036

	Discharge from hospital within seven days after surgery
	60 (17.1%)
	83 (23.7%)
	1.50 (1.04 to 2.18)
	0.032


Data are number (%) or median (95% confidence interval) unless indicated otherwise. OR = odds ratio; HR = hazard ratio; ICU = intensive care unit; NRS = numeric rating scale. aOccurrence of delirium at any time during the first 7 days after surgery. bResultof patients who were admitted to the ICU with endotracheal intubation. cOccurrence of any non-delirium complications within 30 days after surgery. dData are median (interquartile range). eStratified according to quartiles of the duration. *Hazard ratio.

Table 3. Safety outcomes
	
	Placebo
(n=350)
	Dexmedetomidine
(n=350)
	p value

	RASS score at the end of study drug infusion (scale)
	0 (0 to -1)
	0 (0 to -2)
	0.12

	Adverse events
	
	
	

	Bradycardia
	46 (13.1%)
	59 (16.9%)
	0.17

	Bradycardia with intervention
	1 (0.3%)
	5 (1.4%)
	0.22

	Hypotension
	92 (26.3%)
	114 (32.6%)
	0.07

	Hypotension with intervention
	32 (9.1%)
	34 (9.7%)
	0.80

	Tachycardia
	48 (13.7%)
	23 (6.6%)
	0.002

	Tachycardia with intervention
	25 (7.1%)
	9 (2.6%)
	0.005

	Hypertension
	62 (17.7%)
	34 (9.7%)
	0.002

	Hypertension with intervention
	19 (5.4%)
	7 (2.0%)
	0.016

	Hypoxemia
	50 (14.3%)
	24 (6.9%)
	0.001

	Hypoxemia with intervention
	3 (0.9%)
	0 (0.0%)
	0.25

	[bookmark: _Hlk435173786]Modification of study drug infusiona
	
	
	0.046

	  None
	334 (95.4%)
	318 (90.9%)
	

	Infusion rate decreased temporarily 
	1 (0.3%)
	5 (1.4%)
	

	Infusion stopped temporarily 
	14 (4.0%)
	22 (6.3%)
	

	Infusion stopped permanently 
	1 (0.3%)
	5 (1.4%)
	


Data are median (full range) or number (%). RASS = Richmond Agitation Sedation Scale. aStudy drug infusion was modified by the attending intensivists before the scheduled end. 


Figure legends
Figure 1. Flow-chart and time-line of the study. ITT analyses included all randomised patients in the groups in which they were randomly assigned. ITT, intention-to-treat; ICU, intensive care unit; POD, postoperative day.

Figure 2. Daily prevalence of postoperative delirium. Note that the daily prevalences are significantly lower in the dexmedetomidine group than in the placebo group on the 1st, 2nd, 3rd days after surgery. Simple sizes differ from the 1st to 7th day because some patients were discharged from hospital or died during this period. Dex, dexmedetomidine; Plac, placebo.



