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Perioperative adverse events attributed to alpha 2-agonist in patient not at risk of cardiovascular events: a systematic review and meta-analysis
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Background: Several systematic reviews have reported benefits of perioperative alpha 2 agonist use for various conditions, but evidence for the safety of such treatment is poorly documented.

Methods:

We performed a systematic review focusing on adverse events. We searched the MEDLINE, EMBASE, LILAC, Cochrane, and Clinical Trial Register databases for randomised controlled trials (RCTs) comparing the effects of alpha 2 agonists and placebo during noncardiovascular surgery under general anaesthesia, for any indication, in patient not at risk of cardiovascular event. The primary outcome was the incidence of severe adverse events during or after alpha 2 agonist administration. The secondary endpoints were other adverse events. A meta-analysis was carried out on the combined data. Evidence quality was rated by the GRADE method.

Results:

We included 56 studies (4868 patients). Our review, based upon moderate-quality evidence, revealed that hypotension occurred frequently during the per-and postoperative periods, for both drugs. Bradycardia was reported only with dexmedetomidine. By contrast, dexmedetomidine seemed to protect against intraoperative hypertension and tachycardia. Subgroup analysis suggested that the risk of hypotension and bradycardia persisted after the cessation of treatment. Interestingly, per-operative hypotension and postoperative bradycardia were not observed with a bolus dosage of less than 0.5 µg/kg dexmedetomidine or with continuous administration alone.

Conclusions:

The pooled data for the incidence of adverse events associated with the use of alpha 2 agonists in various perioperative contexts provided high-confidence evidence for a risk of hypotension and bradycardia and protective effects against hypertension and tachycardia. Protocol registration: CRD42017071583.
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 , and inhibit the activation of microglia and signal-regulated kinase in the spinal dorsal horn after nerve injury 5 . As a result, these agonists can be used to decrease the demand for intraoperative anaesthetics and to reduce postoperative pain.

Martinez and co-workers showed, in a network meta-analysis, that alpha 2 agonists were useful for reducing morphine consumption after major surgery [START_REF] Martinez | Non-opioid analgesics in adults after major surgery: systematic review with network meta-analysis of randomized trials[END_REF] . The analysis revealed that these agonists had morphine-sparing and pain-relieving effects similar to those of NSAIDs and COX-2 inhibitors [START_REF] Martinez | Non-opioid analgesics in adults after major surgery: systematic review with network meta-analysis of randomized trials[END_REF] . Alpha 2 agonists appeared to be the most beneficial non-opioid analgesics for morphine sparing and reducing opioid side effects [START_REF] Martinez | Non-opioid analgesics in adults after major surgery: systematic review with network meta-analysis of randomized trials[END_REF] . These findings are novel, compared with the most recent meta-analyses of clonidine and dexmedetomidine reporting decreases in morphine consumption, pain, nausea and vomiting relative to placebo [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Lundorf | Perioperative dexmedetomidine for acute pain after abdominal surgery in adults[END_REF][START_REF] Schnabel | Is intraoperative dexmedetomidine a new option for postoperative pain treatment? A metaanalysis of randomized controlled trials[END_REF][START_REF] Fletcher | How can we prevent opioid induced hyperalgesia in surgical patients?[END_REF] . However, the paucity of severe adverse effects data did not allow assessment of efficacysafety balance [START_REF] Martinez | Non-opioid analgesics in adults after major surgery: systematic review with network meta-analysis of randomized trials[END_REF] . This aspect must be addressed before prescription can be recommended and is particularly important given the increasing perioperative use of alpha 2 adrenergic agonists due to their various benefits.

Several systematic reviews have reported these drugs to be beneficial for a number of conditions other than postoperative pain, including the prevention of postoperative delirium [START_REF] Duan | Efficacy of perioperative dexmedetomidine on postoperative delirium: systematic review and metaanalysis with trial sequential analysis of randomised controlled trials[END_REF] , cognitive dysfunction [START_REF] Zhou | Effect of dexmedetomidine on postoperative cognitive dysfunction in elderly patients after general anaesthesia: A meta-analysis[END_REF] , cardiac complications [START_REF] Duncan | Alpha-2 adrenergic agonists for the prevention of cardiac complications among adults undergoing surgery[END_REF] , postoperative nausea and vomiting [START_REF] Jin | Dexmedetomidine prevent postoperative nausea and vomiting on patients during general anesthesia: A PRISMA-compliant meta analysis of randomized controlled trials[END_REF] and postoperative shivering [START_REF] Lewis | Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia[END_REF] . However, there is far too little evidence concerning safety to draw any conclusions from these systematic reviews. Therefore, we gathered all the available evidence concerning safety from studies assessing the benefits of the two alpha 2 agonists in current use (clonidine and dexmedetomidine) for various conditions during the perioperative period. We then performed a systematic review to provide an updated meta-analysis of adverse events attributable to alpha 2 agonists used in the perioperative period in patients undergoing major non-cardiovascular surgery.

Methods

Data sources and search strategy

The study was registered at PROSPERO (CRD42017071583). This systematic review of RCTs was performed in accordance with the criteria of the PRISMA statement and the current recommendations of the Cochrane Collaboration. [START_REF] Higgins | Guide to the contents of a Cochrane protocol and review. Cochrane Handbook for Systematic Reviews of interventions Version 5.1.0[END_REF][START_REF] Liberati | The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration[END_REF] We searched the Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE, and LILACS databases for reports of RCTs included from the inception of each database to July 2018 in English, French or Spanish using the terms "Surgical Procedures Operative" OR "surgery" and "clonidine" or "dexmedetomidine" or "alpha 2 agonist". The search equation is available in Supplementary data 1. We identified randomised trials with the highly sensitive search strategy of the Cochrane Collaboration. [START_REF] Lefebvre | Cochrane Handbook for Systematic Reviews of interventions Version 5[END_REF] We also searched the Cochrane Database of Systematic Reviews and the Database of Abstracts of Reviews of Effects for previous relevant systematic reviews. We searched the annual conference proceedings of the American Society of Anesthesiology and the European Society of Anaesthesiology from 2012 to 2018, by hand. We searched ClinicalTrials.gov and the WHO International Clinical Trials Registry Platform for completed trials. The reference lists of the identified published review articles on the perioperative use of alpha 2 agonist were also searched for eligible clinical trials, as were the reference lists of the studies they included.

Study selection

We included all RCTs including adults undergoing major surgery except cardiovascular surgery. Cardiovascular surgeries are defined as all operations for repairing structural defects of the cardiovascular system, including cardiac and vascular surgeries. We included only interventions performed under general anaesthesia. We excluded RCTs that selected patients at risk of cardiovascular events. The intervention of interest was the administration of alpha 2 agonist (dexmedetomidine or clonidine) before, during or after surgery, at any dose or frequency. The drugs could be administered orally or intravenously. We accepted the use of alpha 2 agonists for any indication, but we excluded trials set in periods other than the perioperative period, including, in particular, those focusing on the use of these drugs to prevent withdrawal syndrome, or for sedation in intensive care. We accepted all existing analgesic drugs or placebo as comparators. Two pairs of authors independently screened titles, abstracts and full manuscripts according to the selection criteria. Any disagreement was discussed with a third author until a consensus was reached.

Data extraction and assessment of the risk of bias

We developed a data extraction form and tested it on five of the studies included. The form was then refined according to the results obtained. Pairs of reviewers independently extracted data from each study. Disagreements were resolved by consensus with a third author. We extracted information about the trial setting (country), participants (age, sex, weight), the trial itself (first author, number of arms in the study, country), participants (age, American Society of Anesthesiology (ASA) physical status, characteristics of the population, number of patients randomised and analysed), the experimental intervention (timing of administration, duration and doses used) and exclusion criteria. Two independent reviewers assessed the quality of the trial methodology with the Cochrane Risk of Bias tool, with any discrepancies resolved by consensus. [START_REF] Higgins | The Cochrane Collaboration's tool for assessing risk of bias in randomised trials[END_REF] 

Outcome measures

The primary outcome was the proportion of patients reporting serious adverse effects (SAEs) during the perioperative period (intra operatively and during the first 72h after surgery). A serious adverse event (SAE) in human drug trials is defined as any untoward medical occurrence that at any dose results in death, is life-threatening, requires inpatient hospitalization or causes prolongation of existing hospitalization, results in persistent or significant disability/incapacity, may have caused a congenital anomaly/birth defect, or requires intervention to prevent permanent impairment or damage. We expected the total number of SAEs reported to be small. We therefore analysed specific adverse effects corresponding to the FDA definition of a SAE. A panel of experts independently predetermined which adverse effects frequently reported with alpha 2 agonists in previous studies corresponded to SAEs. Following discussion to resolve any conflicts/disagreements, we classified the following adverse effects as SAEs: haemodynamic instability, arrhythmia or bradycardia, syncope, myocardial infarction. We have considered haemodynamic instability as a SAE when drug administration was required to correct it (atropine for bradycardia, vasoactive drug for hypotension or hypertension, beta blockers for tachycardia). The secondary outcomes were the proportion of patients reporting other frequent but not serious adverse effects. We extracted the incidence of adverse effects, as defined by the authors.

Data synthesis and analysis

For the proportion of patients with SAEs, the treatment effect was assessed as the risk ratio (RR), with 95% confidence intervals (CI), for dichotomous data. To aid interpretation for the clinician, we computed the number needed to treat for an additional harmful outcome (NNTH) from the results of a meta-analysis of each significant risk ratios. We expected there to be heterogeneity, and we therefore used the Dersimonian and Lairs random-effects metaanalysis modules. We assessed statistical heterogeneity by the visual inspection of graphs and use of the I2 statistic, which describes the proportion of variability in effect estimates due to heterogeneity rather than sampling error. We interpreted the value of the I2 statistic according to the following thresholds: 0% to 40%, heterogeneity probably not important; 30% to 60%, may represent moderate heterogeneity; 50% to 90%, may represent substantial heterogeneity; and 75% to 100%, considerable heterogeneity [START_REF] Higgins | Quantifying heterogeneity in a meta-analysis[END_REF] . We also performed a subgroup analysis to explore heterogeneity in estimation of the effect of intensity. We investigated whether the occurrence of an adverse effect was significantly related to the dose delivered or to the mode and time of administration. Based on the doses currently used and the median bolus doses reported in previous reviews [START_REF] Lundorf | Perioperative dexmedetomidine for acute pain after abdominal surgery in adults[END_REF][START_REF] Schnabel | Is intraoperative dexmedetomidine a new option for postoperative pain treatment? A metaanalysis of randomized controlled trials[END_REF] , the thresholds for high doses were set at 5 μg/kg for clonidine and 0.5 μg/kg for dexmedetomidine. We also assessed the mode of administration (bolus and/or continuous perfusion), and the timing of administration (preoperative, intraoperative and postoperative periods).

Rating of evidence quality

The quality of evidence for each outcome was rated according to the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) Working Group system, [START_REF] Balshem | GRADE guidelines: 3. Rating the quality of evidence[END_REF] for five points: risk of bias, inconsistency, indirectness, imprecision, publication bias. Each point was rated independently by two authors, with discussion to reach a consensus if necessary.

Results

Characteristics of trials and patients

For the 2805 reports identified as potentially eligible in databases, we examined 276 full-text articles and selected 56 studies. Sixteen concerned clonidine and 40 dexmedetomidine, and 4868 patients, in total, were included in these studies (Figure 1). Table 1 presents the characteristics of the selected trials (detailed description in Supplementary data 2). The most frequently reported exclusion criteria were, in descending order of frequency: cardiac or respiratory disease (41%), psychological disorders (38%), cardiac conduction disorder (28.8%), hypo-or hypertension (18%), bradycardia (13.6%), pregnancy and breastfeeding (10.2%). Alpha 2 agonist treatment was initiated intraoperatively in most studies (39/56), but preoperatively in 11/56 studies and postoperatively in 6/56 cases. Treatment was administered intravenously in 94.6% (53/56), and orally in 5.4% (3/56) of the studies. In 41% (22/56) RCTs, the use of a bolus followed by continuous administration was assessed. In 41% (23/56) RCTs, the use of a bolus alone was assessed, and 16% (9/56) of studies assessed continuous administration alone. The median bolus dose of clonidine was 3 µg/kg [range: 1 to 6 µg/kg] and the median continuous dose was 0.3 µg/kg/h. The median bolus dose of dexmedetomidine was 1 µg/kg [range: 0.1 to 2 µg/kg] and the median continuous dose was 0.5 µg/kg/h. The overall risk of bias was low for 12 of the 56 (21%) trials, high for 11 of the 56 trials (20%) and unclear for 33/56 (59%). In the 11 trials with a high risk of bias, this bias resulted principally from the consideration of incomplete outcome data or the selective reporting of data (Figure 2).

Serious adverse events

None of the included studies reported the "serious adverse event" outcome. Only two studies, totalling 156 patients, investigated myocardial ischaemia. [START_REF] Montazeri | Attenuation of the pressor response to direct laryngoscopy and tracheal Intubation: oral clonidine vs. oral gabapentin premedication[END_REF][START_REF] Yin | Oral clonidine reduces myocardial ischemia in patients with coronary artery disease undergoing noncardiac surgery[END_REF] One study reported that oral clonidine reduces myocardial ischaemia [START_REF] Yin | Oral clonidine reduces myocardial ischemia in patients with coronary artery disease undergoing noncardiac surgery[END_REF] . In both studies, the episode of myocardial ischemia was defined by the magnitude of ST segment depression. A depression of at least 1 mm, occurring 60 ms after the J point and persisting for three minutes or more was specified in one of the two studies [START_REF] Yin | Oral clonidine reduces myocardial ischemia in patients with coronary artery disease undergoing noncardiac surgery[END_REF] . No troponin measurements were used. No event was observed in the other study, in which dexmedetomidine was used [START_REF] Montazeri | Attenuation of the pressor response to direct laryngoscopy and tracheal Intubation: oral clonidine vs. oral gabapentin premedication[END_REF] . Cardiac rhythm disorders were reported in two studies including 283 patients [START_REF] Gao | Patient-controlled Intravenous Analgesia with Combination of Dexmedetomidine and Sufentanil on Patients after Abdominal Operation A Prospective, Randomized, Controlled, Blinded, Multicenter Clinical Study[END_REF][START_REF] Xu | Does dexmedetomidine have a cardiac protective effect during non-cardiac surgery? A randomised controlled trial[END_REF] , with only one patient in the placebo group presenting arrhythmia [START_REF] Gao | Patient-controlled Intravenous Analgesia with Combination of Dexmedetomidine and Sufentanil on Patients after Abdominal Operation A Prospective, Randomized, Controlled, Blinded, Multicenter Clinical Study[END_REF] .

Hypotension

Clonidine

Undesirable hypotension (requiring administration of a drug to correct it) was reported in 12 studies [START_REF] Montazeri | Attenuation of the pressor response to direct laryngoscopy and tracheal Intubation: oral clonidine vs. oral gabapentin premedication[END_REF][START_REF] Yin | Oral clonidine reduces myocardial ischemia in patients with coronary artery disease undergoing noncardiac surgery[END_REF][START_REF] Bernard | Effects of oral clonidine premedication and postoperative i.v. infusion on haemodynamic and adrenergic responses during recovery from anaesthesia[END_REF][START_REF] Kock | Intraoperative clonidine enhances postoperative morphine patient-controlled analgesia[END_REF][START_REF] El-Kerdawy | The influence of the alpha2-adrenoceptor agonist, clonidine, on the EEG and on the MAC of isoflurane[END_REF][START_REF] Fehr | Clonidine decreases propofol requirements during anaesthesia: effect on bispectral index[END_REF][START_REF] Hazra | Comparison of the effects of intravenously administered dexmedetomidine with clonidine on hemodynamic responses during laparoscopic cholecystectomy[END_REF][START_REF] Hommeril | Effects of intravenous clonidine on postoperative shivering[END_REF][START_REF] Horng | Pre-medication with intravenous clonidine suppresses fentanyl-induced cough[END_REF][START_REF] Reena | Comparative evaluation of clonidine and magnesium sulfate infusions upon intraoperative hemodynamics and anesthetic consumption, and postoperative recovery profile in lumbar spine surgery : a prospective, randomized, placebo controlled, double-blind study[END_REF][START_REF] Samantaray | The effect on post-operative pain of intravenous clonidine given before induction of anaesthesia[END_REF][START_REF] Vanderstappen | The effect of prophylactic clonidine on postoperative shivering. A large prospective double-blind study[END_REF][START_REF] Chattopadhyay | Efficacy of Prophylactic Clonidine in PreventingPostanesthetic Shivering in Laparoscopic-assisted Vaginal Hysterectomy[END_REF] . The pooled analysis revealed that the incidence of intraoperative hypotension was significantly higher with clonidine than with placebo, with a risk ratio of 1.85 [1, 2.65], [START_REF] Montazeri | Attenuation of the pressor response to direct laryngoscopy and tracheal Intubation: oral clonidine vs. oral gabapentin premedication[END_REF][START_REF] Yin | Oral clonidine reduces myocardial ischemia in patients with coronary artery disease undergoing noncardiac surgery[END_REF][START_REF] Bernard | Effects of oral clonidine premedication and postoperative i.v. infusion on haemodynamic and adrenergic responses during recovery from anaesthesia[END_REF][START_REF] Kock | Intraoperative clonidine enhances postoperative morphine patient-controlled analgesia[END_REF][START_REF] El-Kerdawy | The influence of the alpha2-adrenoceptor agonist, clonidine, on the EEG and on the MAC of isoflurane[END_REF][START_REF] Fehr | Clonidine decreases propofol requirements during anaesthesia: effect on bispectral index[END_REF][START_REF] Hazra | Comparison of the effects of intravenously administered dexmedetomidine with clonidine on hemodynamic responses during laparoscopic cholecystectomy[END_REF][START_REF] Hommeril | Effects of intravenous clonidine on postoperative shivering[END_REF][START_REF] Horng | Pre-medication with intravenous clonidine suppresses fentanyl-induced cough[END_REF][START_REF] Reena | Comparative evaluation of clonidine and magnesium sulfate infusions upon intraoperative hemodynamics and anesthetic consumption, and postoperative recovery profile in lumbar spine surgery : a prospective, randomized, placebo controlled, double-blind study[END_REF][START_REF] Samantaray | The effect on post-operative pain of intravenous clonidine given before induction of anaesthesia[END_REF][START_REF] Vanderstappen | The effect of prophylactic clonidine on postoperative shivering. A large prospective double-blind study[END_REF][START_REF] Chattopadhyay | Efficacy of Prophylactic Clonidine in PreventingPostanesthetic Shivering in Laparoscopic-assisted Vaginal Hysterectomy[END_REF] The quality of evidence was low (Table 2). Analyses of subgroups defined in terms of dose and type of administration revealed no differences between subgroups (Table 3A). No significant difference was observed for postoperative hypotension.

37, 38

Dexmedetomidine

Undesirable hypotension (requiring administration of a drug to correct it) was reported in 23 studies [START_REF] Xu | Does dexmedetomidine have a cardiac protective effect during non-cardiac surgery? A randomised controlled trial[END_REF][START_REF] Hazra | Comparison of the effects of intravenously administered dexmedetomidine with clonidine on hemodynamic responses during laparoscopic cholecystectomy[END_REF] . Pooled analysis revealed that the incidence of intraoperative hypotension was significantly higher with dexmedetomidine than with placebo, with a risk ratio of 1.89 [1.1, 3.25]. [START_REF] Xu | Does dexmedetomidine have a cardiac protective effect during non-cardiac surgery? A randomised controlled trial[END_REF][START_REF] Hazra | Comparison of the effects of intravenously administered dexmedetomidine with clonidine on hemodynamic responses during laparoscopic cholecystectomy[END_REF][START_REF] Lawrence | Effects of a single pre-operative dexmedetomidine dose on isoflurane requirements and peri-operative haemodynamic stability[END_REF][START_REF] Tanskanen | Dexmedetomidine as an anaesthetic adjuvant in patients undergoing intracranial tumour surgery: a double-blind, randomized and placebo-controlled study[END_REF][START_REF] Chang | Effect of Perioperative Intravenous Lidocaine Infusion on Acute and Chronic Pain after Breast Surgery: A Meta-Analysis of Randomized Controlled Trials[END_REF][START_REF] Kim | Optimal dose of prophylactic dexmedetomidine for preventing postoperative shivering[END_REF][START_REF] Lee | Intraoperative Dexmedetomidine Improves the Quality of Recovery and Postoperative Pulmonary Function in Patients Undergoing Video-assisted Thoracoscopic Surgery: A CONSORT-Prospective, Randomized, Controlled Trial[END_REF][START_REF] Luthra | Alleviating Stress Response to Tracheal Extubation in Neurosurgical Patients: A Comparative Study of Two Infusion Doses of Dexmedetomidine[END_REF][START_REF] Seo | Optimal dose of dexmedetomidine for attenuating cardiovascular response during emergence in patients undergoing total laparoscopic hysterectomy[END_REF][START_REF] Soliman | Prospective, randomized study to assess the role of dexmedetomidine in patients with supratentorial tumors undergoing craniotomy under general anaesthesia[END_REF][START_REF] Sun | Effects of pretreatment with a small dose of dexmedetomidine on sufentanil-induced cough during anesthetic induction[END_REF][START_REF] Yildiz | Effect of dexmedetomidine on haemodynamic responses to laryngoscopy and intubation : perioperative haemodynamics and anaesthetic requirements[END_REF][START_REF] Karaman | Dexmedetomidine infusion prevents postoperative shivering in patients undergoing gynecologic laparoscopic surgery[END_REF] The quality of evidence was low to moderate (Table 2). Subgroup analysis showed a higher risk ratio of hypotension for bolus doses alone with a risk ratio 3.28 [1.42, 7.64] and for dose above 0.5 µg/kg with a risk ratio 2.38 [1.2, 4.7]. The risk of postoperative hypotension was reported in the group with intraoperative administration 39- 52 .(Table 3B).

Bradycardia

Clonidine

Undesirable bradycardia (requiring administration of a drug to correct it) was reported in 11 studies. Pooled analysis revealed no significant difference between clonidine and placebo 22, 26-31, 33-35, 37, 38 (Table 2). No differences between subgroups were identified in subgroup analyses by dose or type of administration (Table 3A).

Dexmedetomidine

Undesirable bradycardia (requiring administration of a drug to correct it) was reported in 25 studies 25, 30, 39-42, 45, 47, 49, 50, 54, 55, 57, 58, 60-72 . Pooled analysis revealed that the incidences of intraoperative and postoperative bradycardia were significantly higher with dexmedetomidine than with placebo, with risk ratios of 2.68 [1.78, 4.05] 25, 30, 49, 50, 54, 55, 57, 58, 60-70 and 2.44 [1.71, 3.48] 39-42, 45, 47, 49, 50, 66, 71, 72 , respectively. The quality of evidence was moderate to strong (Table 2). Subgroup analysis showed that there was a risk of intraoperative bradycardia, whatever the dose used, the mode and time of administration. (Table 3B).

Hypertension

Clonidine

Undesirable hypertension (requiring administration of a drug for its correction) was reported in 4 studies [START_REF] Kock | Intraoperative clonidine enhances postoperative morphine patient-controlled analgesia[END_REF][START_REF] Fehr | Clonidine decreases propofol requirements during anaesthesia: effect on bispectral index[END_REF][START_REF] Hazra | Comparison of the effects of intravenously administered dexmedetomidine with clonidine on hemodynamic responses during laparoscopic cholecystectomy[END_REF][START_REF] Bernard | Postoperative analgesia by intravenous clonidine[END_REF] . No difference was found for both per and postoperative hypertension.

Dexmedetomidine

Undesirable hypertension (requiring administration of a drug to correct it) was reported in 12 studies 25, 30, 41, 46, 50, 52, 56-58, 72, 74, 75 . Pooled analysis revealed that the incidence of intraoperative hypertension was significantly lower with dexmedetomidine than with placebo, with a risk ratio of 0.12 [0.09; 0.18] 25, 30, 56-58, 74, 75 . The quality of evidence was moderate (Table 2). No difference was found for postoperative hypertension [START_REF] Dong | Effect of Dexmedetomidine combined with sufentanil for post-thoracotomy intravenous analgesia:a randomized, controlled clinical study[END_REF][START_REF] Liu | A randomised controlled trial of dexmedetomidine for suspension laryngoscopy[END_REF][START_REF] Tanskanen | Dexmedetomidine as an anaesthetic adjuvant in patients undergoing intracranial tumour surgery: a double-blind, randomized and placebo-controlled study[END_REF][START_REF] Gao | Patient-controlled Intravenous Analgesia With Combination of Dexmedetomidine and Sufentanil on Patients After Abdominal Operation: A Prospective, Randomized, Controlled, Blinded, Multicenter Clinical Study[END_REF][START_REF] Zhang | Effect of dexmedetomidine on stress reactions and cellular immune function of patients in perioperative period following radial resection for rectal carcinoma[END_REF] .

Tachycardia

Clonidine

Too few data were available to assess this aspect [START_REF] Montazeri | Attenuation of the pressor response to direct laryngoscopy and tracheal Intubation: oral clonidine vs. oral gabapentin premedication[END_REF] .

Dexmedetomidine

Undesirable tachycardia (requiring administration of a drug to correct it) was reported in 8 studies 25, 46, 52, 56-58, 72, 75 . Pooled analysis revealed that the incidence of intraoperative tachycardia was significantly lower with dexmedetomidine than with placebo, with a risk ratio of 0.41 [0.26, 0.65] 25, [START_REF] Luthra | Alleviating Stress Response to Tracheal Extubation in Neurosurgical Patients: A Comparative Study of Two Infusion Doses of Dexmedetomidine[END_REF][START_REF] Seo | Optimal dose of dexmedetomidine for attenuating cardiovascular response during emergence in patients undergoing total laparoscopic hysterectomy[END_REF][START_REF] Soliman | Prospective, randomized study to assess the role of dexmedetomidine in patients with supratentorial tumors undergoing craniotomy under general anaesthesia[END_REF][START_REF] Liu | Effects of dexmedetomidine on perioperative inflammatory response in patients undergoing valve replacement] A comparative study in the post-operative spine surgeries: Epidural ropivacaine with dexmedetomidine and ropivacaine with clonidine for post-operative analgesia[END_REF] . The quality of evidence was low (Table 2). No difference was found for postoperative tachycardia [START_REF] Liu | A randomised controlled trial of dexmedetomidine for suspension laryngoscopy[END_REF][START_REF] Gao | Patient-controlled Intravenous Analgesia With Combination of Dexmedetomidine and Sufentanil on Patients After Abdominal Operation: A Prospective, Randomized, Controlled, Blinded, Multicenter Clinical Study[END_REF][START_REF] Zhang | Effect of dexmedetomidine on stress reactions and cellular immune function of patients in perioperative period following radial resection for rectal carcinoma[END_REF] .

Other adverse events

Clonidine

Few other adverse events were reported for clonidine. Clonidine had no significant effect on respiratory depression with a risk ratio of 0.68 [0.21, 2.18] [START_REF] Bernard | Effects of oral clonidine premedication and postoperative i.v. infusion on haemodynamic and adrenergic responses during recovery from anaesthesia[END_REF][START_REF] Kock | Intraoperative clonidine enhances postoperative morphine patient-controlled analgesia[END_REF][START_REF] Horng | Pre-medication with intravenous clonidine suppresses fentanyl-induced cough[END_REF][START_REF] Chattopadhyay | Efficacy of Prophylactic Clonidine in PreventingPostanesthetic Shivering in Laparoscopic-assisted Vaginal Hysterectomy[END_REF][START_REF] Striebel | Intravenous clonidine fails to reduce postoperative meperidine requirements[END_REF][START_REF] Mirhosseini | Effect of Oral Clonidine on Shoulder Tip Pain and Hemodynamic Response After Laparoscopic Cholecystectomy: A Randomized Double Blind Study[END_REF] but was associated with a significantly lower incidence of cough with risk ratio of 0.45 [0.30, 0.67] [START_REF] Horng | Pre-medication with intravenous clonidine suppresses fentanyl-induced cough[END_REF] . The only study which evaluated drowsiness reported a greater incidence of drowsiness with clonidine [START_REF] Yin | Oral clonidine reduces myocardial ischemia in patients with coronary artery disease undergoing noncardiac surgery[END_REF] . Other adverse events were rarely reported, with dizziness reported in one study [START_REF] Striebel | Intravenous clonidine fails to reduce postoperative meperidine requirements[END_REF] , and dryness of the mucous membranes with no significant repercussions in one study [START_REF]Nct. Effects of a Dexmedetomidine on Quality of Recovery 40 and Postoperative Nausea and Vomiting in Breast Cancer Surgery Available from[END_REF] (Table 2).

Dexmedetomidine

Drowsiness, agitation, respiratory depression, dizziness and dryness of the mucous membranes were reported in 8, 4, 3, 7 and 3 studies respectively. Dexmedetomidine did not increase the risk of drowsiness with a risk ratio of 1.39 [0.85, 2.28] 39, 42, 43, 45, 56, 62, 78, 79 but it was associated with a significantly lower risk of agitation (RR = 0.34 [0.20, 0.59]) [START_REF] Ham | Dexmedetomidine does not reduce emergence agitation in adults following orthognathic surgery[END_REF][START_REF] Kwon | Effects of Dexmedetomidine Infusion on the Recovery Profiles of Patients Undergoing Transurethral Resection[END_REF][START_REF] Zhao | Effect of dexmedetomidine hydrochloride combined with limb remote ischemic preconditioning on quality of recovery from anesthesia in patients undergoing thoracoscopic lobectomy[END_REF][START_REF] Yang | Effect of dexmedetomidine on preventing agitation and delirium after microvascular free flap surgery: a randomized, double-blind, control study[END_REF] , with no significant effect on respiratory depression (RR = 0.59 [0.22, 1.59]) 39, 41, 44, 49-51, 53, 56, 60, 64, 65, 70, 71, 74, 81, 82 . Dexmedetomidine did not increase the risk of dizziness (RR= 0.89 [0.61, 1.30]) [START_REF] Yildiz | Effect of dexmedetomidine on haemodynamic responses to laryngoscopy and intubation : perioperative haemodynamics and anaesthetic requirements[END_REF][START_REF] Chang | Intraoperative and postoperative infusion of dexmedetomidine combined with butorphanol for intravenous patient-controlled analgesia after radical mastectomy: a double-blind, randomized clinical trial[END_REF][START_REF] Ge | Intraoperative Dexmedetomidine Promotes Postoperative Analgesia and Recovery in Patients after Abdominal Colectomy: A CONSORT-Prospective, Randomized, Controlled Clinical Trial[END_REF][START_REF] Ge | Intraoperative Dexmedetomidine Promotes Postoperative Analgesia and Recovery in Patients after Abdominal Hysterectomy: a Double-Blind, Randomized Clinical Trial[END_REF][START_REF] Yang | Comparison of the pro-postoperative analgesia of intraoperative dexmedetomidine with and without loading dose following general anesthesia: A prospective, randomized, controlled clinical trial[END_REF] , it decreased the risk of itching (RR= 0.64 [0.45, 0.92]) 41, 45, 52, 63-65, 70, 71, 74, 81, 82 , and increased the occurrence of mucous dryness with a risk ratio of 2.43 [1.29, 4.55] 52, 60, 78 . Other side effects, such as laryngospasm, headache and myalgia, were reported in only one [START_REF] Bindu | Neuroprotective role of dexmedetomidine in epilepsy surgery: a preliminary study Available from[END_REF] or two studies [START_REF] Yildiz | Effect of dexmedetomidine on haemodynamic responses to laryngoscopy and intubation : perioperative haemodynamics and anaesthetic requirements[END_REF][START_REF] Bajwa | Reduction in the incidence of shivering with perioperative dexmedetomidine: A randomized prospective study[END_REF] , and dexmedetomidine had no significant effect on the likelihood of these effects (Table 2).

Discussion

Description of the adverse events associated with alpha 2 agonists

This systematic review summarises the available evidence concerning the adverse effects of alpha 2 agonists use in the perioperative period in non-cardiovascular surgery. The quality of evidence is higher for dexmedetomidine than for clonidine. Our review, based on evidence of moderate quality, showed a high incidence of intraoperative hypotension for both drugs. Per-and post-operative bradycardia was frequently reported with dexmedetomidine but was not reported with clonidine. Dexmedetomidine were found to have a protective effect against intraoperative hypertension and tachycardia.

Our subgroup analyses showed that the risk of bradycardia and hypotension persisted even after the cessation of dexmedetomidine treatment. Our results also suggest that the use of low doses of dexmedetomidine (< 0.5 µg/ kg) may reduce the risk of intraoperative hypotension and postoperative bradycardia. Isolated dexmedetomidine bolus has a negative impact, for intraoperative bradycardia and hypotension. The available evidence for clonidine does not support a similar impact on the incidence of side effects

Strengths and weaknesses of our methodology

Our study has several strengths. First, we conducted a rigorous and extensive literature search on adverse effects of alpha 2 agonists use in the perioperative period, and it is rare in the literature to have a quantitative analysis focused on adverse events. Secondly, by extending our research to different uses of alpha 2 agonists, we were able to increase considerably the amount of information available. For respiratory depression and intraoperative bradycardia with dexmedetomidine, the minimum optimal information size was reached, increasing the confidence level for our results. Thirdly, we calculated from risk ratio "the number needed to harm" for greater clarity for clinicians. Fourth, our systematic review was associated with a rating of evidence quality, providing transparency in the presentation of the evidence available and information about the extent to which we can have confidence in our effect estimates. Finally, we extracted the exclusion criteria from each study, making it possible for clinicians to appreciate the direct evidence and possible differences between the population included in this meta-analysis and their populations of interest. Our data were mostly obtained from a population of patients without cardiovascular and respiratory diseases undergoing major surgery (excluding cardiovascular surgery). The main weakness of our review is the lack of evaluation of benefit/risk ratio. We chose not to evaluate the incidence of benefit in the studies selected, as these aspects have already been evaluated in several meta-analyses including a larger number of studies in each specific domain of interest. [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Schnabel | Is intraoperative dexmedetomidine a new option for postoperative pain treatment? A metaanalysis of randomized controlled trials[END_REF][START_REF] Duan | Efficacy of perioperative dexmedetomidine on postoperative delirium: systematic review and metaanalysis with trial sequential analysis of randomised controlled trials[END_REF][START_REF] Duncan | Alpha-2 adrenergic agonists for the prevention of cardiac complications among adults undergoing surgery[END_REF][START_REF] Lewis | Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia[END_REF][START_REF] Nishina | Efficacy of clonidine for prevention of perioperative myocardial ischemia: a critical appraisal and meta-analysis of the literature[END_REF][START_REF] Wang | Effect of Intravenous Dexmedetomidine During General Anesthesia on Acute Postoperative Pain in Adults: A Systematic Review and Meta-analysis of Randomized Controlled Trials[END_REF] Comparison with other reviews Previous meta-analyses have explored side events but pooled insufficient data for any firm conclusions to be drawn. Our meta-analysis was justified, as it included more than 2500 more patients than the largest previously published meta-analysis covering the perioperative period. [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Duan | Efficacy of perioperative dexmedetomidine on postoperative delirium: systematic review and metaanalysis with trial sequential analysis of randomised controlled trials[END_REF][START_REF] Duncan | Alpha-2 adrenergic agonists for the prevention of cardiac complications among adults undergoing surgery[END_REF] This corresponds to 75% more patients than the previous largest study. Thirteen of the 16 published systematic reviews on alpha 2 agonist (either clonidine or dexmedetomidine) use in the perioperative period explored cardiovascular effects. The maximum number of RCTs pooled was 16 for hypotension and 15 for bradycardia in the most recent systematic review exploring the prevention of cardiac complications in patients undergoing surgery [START_REF] Duncan | Alpha-2 adrenergic agonists for the prevention of cardiac complications among adults undergoing surgery[END_REF] . Our systematic review includes twice as many RCTs and explores the effects of clonidine and dexmedetomidine separately.

Our results are consistent with the results of some previous systematic reviews analysing the adverse effects of alpha 2 agonists. Only one previous review provided the NNTH for perand post-haemodynamic effects. [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF] That review, published six years ago, provided more information for clonidine and similar results for dexmedetomidine. However, our NNTH were higher and more accurate with a smaller confidence interval. Several other systematic reviews have already reported hypotension in patients on dexmedetomidine [START_REF] Schnabel | Is intraoperative dexmedetomidine a new option for postoperative pain treatment? A metaanalysis of randomized controlled trials[END_REF][START_REF] Biccard | Dexmedetomidine and cardiac protection for noncardiac surgery: a meta-analysis of randomised controlled trials[END_REF][START_REF] Wijeysundera | Alpha-2 adrenergic agonists for the prevention of cardiac complications among patients undergoing surgery. The Cochrane database of systematic reviews[END_REF] or clonidine. [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Wijeysundera | Alpha-2 adrenergic agonists for the prevention of cardiac complications among patients undergoing surgery. The Cochrane database of systematic reviews[END_REF] Bradycardia has been reported in patients on dexmedetomidine in several systematic reviews [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Lewis | Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia[END_REF][START_REF] Biccard | Dexmedetomidine and cardiac protection for noncardiac surgery: a meta-analysis of randomised controlled trials[END_REF][START_REF] Schnabel | Efficacy and safety of dexmedetomidine in peripheral nerve blocks: A meta-analysis and trial sequential analysis[END_REF] , but it remains unclear whether clonidine has a similar effect. Our finding of a lack of reports of bradycardia in patients on clonidine is consistent with the findings of other recent systematic reviews [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Nishina | Efficacy of clonidine for prevention of perioperative myocardial ischemia: a critical appraisal and meta-analysis of the literature[END_REF] , but all these results contrast with the findings of a large prospective study including more than 4000 patients at risk of perioperative cardiovascular events. This study reported not only a clinically significant increase in the incidence of hypotension, but also increases in the incidence of bradycardia and non-fatal arrest [START_REF] Devereaux | Clonidine in patients undergoing noncardiac surgery[END_REF] . This discrepancy may be due to the inclusion of more vulnerable patients in this study than in our meta-analysis, but also to the more accurate measurement of myocardial infarction based on the measuring of troponin.

Contrary to the findings of systematic reviews exploring alpha 2 agonist use in cardiovascular surgery [START_REF] Duncan | Alpha-2 adrenergic agonists for the prevention of cardiac complications among adults undergoing surgery[END_REF][START_REF] Wijeysundera | Alpha-2 adrenergic agonists for the prevention of cardiac complications among patients undergoing surgery. The Cochrane database of systematic reviews[END_REF] , morbidity, myocardial infarction, stroke and cardiac arrest are either very infrequent or not reported at all in patients undergoing non-cardiovascular surgery [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Duan | Efficacy of perioperative dexmedetomidine on postoperative delirium: systematic review and metaanalysis with trial sequential analysis of randomised controlled trials[END_REF][START_REF] Lewis | Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia[END_REF] .

Furthermore, trials evaluating these serious outcomes have mostly focused on a selected population with a diagnosis of risk factors for coronary artery disease, such as POISE studies. [START_REF] Devereaux | Clonidine in patients undergoing noncardiac surgery[END_REF] Concerning myocardial infarction, not only is this rarely reported but, when it is, it is rarely detected with an appropriate troponin measurement, as recommended during the perioperative period. This is a major weakness in the available data for a population that would not appear to be at risk of cardiovascular events.

In contrast to the low number of serious adverse events reported in RCTs, some case reports describe cardiac arrest during the intraoperative period following dexmedetomidine infusion. [START_REF] Aikaterini | Bradycardia Leading to Asystole Following Dexmedetomidine Infusion during Cataract Surgery: Dexmedetomidine-Induced Asystole for Cataract Surgery[END_REF][START_REF] Yeoh | Arrest Under Anesthesia -What was the Culprit? A Case Report[END_REF][START_REF] Kim | Cardiac arrest in a patient with anterior fascicular block after administration of dexmedetomidine with spinal anesthesia: A case report[END_REF][START_REF] Bharati | Incidence of cardiac arrest increases with the indiscriminate use of dexmedetomidine: a case series and review of published case reports[END_REF] In these cases, patients had a prior cardiovascular system abnormality [START_REF] Yeoh | Arrest Under Anesthesia -What was the Culprit? A Case Report[END_REF][START_REF] Kim | Cardiac arrest in a patient with anterior fascicular block after administration of dexmedetomidine with spinal anesthesia: A case report[END_REF] and/or were taking chronotropic and negative inotropic drugs simultaneously. [START_REF] Bharati | Incidence of cardiac arrest increases with the indiscriminate use of dexmedetomidine: a case series and review of published case reports[END_REF] In two cases, the procedure was performed under spinal anaesthesia promoting the activity of the parasympathetic system. [START_REF] Yeoh | Arrest Under Anesthesia -What was the Culprit? A Case Report[END_REF][START_REF] Kim | Cardiac arrest in a patient with anterior fascicular block after administration of dexmedetomidine with spinal anesthesia: A case report[END_REF] 

Effect of dose and mode of administration

In our systematic review, we analysed intra and postoperative cardiovascular events separately. Only one previous systematic review used this approach [START_REF] Blaudszun | Effect of perioperative systemic alpha2 agonists on postoperative morphine consumption and pain intensity: systematic review and meta-analysis of randomized controlled trials[END_REF] . Our study includes two items of information not available in this previous study. First, we have twice the amount of data available for the intraoperative period, and these data suggest that dexmedetomidine is significantly associated with both intraoperative hypotension and bradycardia, whereas only postoperative events were reported in the previous review. Second, our analysis of subgroups for the timing of administration revealed that postoperative cardiovascular events were reported even if dexmedetomidine administration ceased before wound closure. These results are not surprising considering the long half-lives of both drugs, which are 20 hours for clonidine and 2.5 hours for dexmedetomidine. [START_REF] Giovannitti | Alpha-2 adrenergic receptor agonists: a review of current clinical applications[END_REF] Our results also suggest that cardiovascular effects may be prevented by the choice of administration strategy. Indeed, although the quality of the available evidence is lower, no intraoperative hypotension or postoperative bradycardia was reported for dexmedetomidine boluses of less than 0.5 µg/kg or for continuous administration without a bolus injection. These results confirm what only one trial has explicitly reported to date higher rates of bradycardia and hypotension in groups receiving a bolus of 0.75 or 1.0 µg/kg dexmedetomidine than in the group receiving a bolus of 0.5 µg/kg. [START_REF] Kim | Optimal dose of prophylactic dexmedetomidine for preventing postoperative shivering[END_REF] Subgroup analyses reported that isolated dexmedetomidine bolus has a negative hemodynamic impact, and clearly questioned the use of bolus during anaesthesia. No such effect of dose or mode of administration was detected for clonidine.

Protective effect of alpha 2 agonists

Our systematic review also highlighted lower rates of certain adverse effects, such as tachycardia and hypertension, during the use of dexmedetomidine. This protective effect against the cardiovascular symptoms of sympathetic stimulation has been described in other reviews [START_REF] Nishina | Efficacy of clonidine for prevention of perioperative myocardial ischemia: a critical appraisal and meta-analysis of the literature[END_REF][START_REF] Biccard | Dexmedetomidine and cardiac protection for noncardiac surgery: a meta-analysis of randomised controlled trials[END_REF][START_REF] Wijeysundera | Alpha-2 adrenergic agonists for the prevention of cardiac complications among patients undergoing surgery. The Cochrane database of systematic reviews[END_REF] . Most included trials conducted in patients undergoing cardiac or vascular surgery [START_REF] Duncan | Alpha-2 adrenergic agonists for the prevention of cardiac complications among adults undergoing surgery[END_REF][START_REF] Wijeysundera | Alpha-2 adrenergic agonists for the prevention of cardiac complications among patients undergoing surgery. The Cochrane database of systematic reviews[END_REF] . Our study confirms these findings for surgeries in which there is no haemodynamic instability, but too few data were available to demonstrate a decrease in mortality and myocardial ischaemia with alpha 2 agonists similar to that reported for patients undergoing cardiovascular surgery [START_REF] Duncan | Alpha-2 adrenergic agonists for the prevention of cardiac complications among adults undergoing surgery[END_REF][START_REF] Wijeysundera | Alpha-2 adrenergic agonists for the prevention of cardiac complications among patients undergoing surgery. The Cochrane database of systematic reviews[END_REF] . We indirectly compared the protective effect against tachycardia and hypertension and the frequency of adverse events, such as bradycardia and hypotension, with the number needed to treat. We found that, for the treatment of any one patient with dexmedetomidine the chances of preventing hypertension or tachycardia per operatively were higher that of causing bradycardia or hypotension in this population not at risk of cardiovascular events.

Other effects

As expected, no respiratory depression was observed with dexmedetomidine or clonidine, and the incidence of cough seemed to be lower. Interestingly, our results did not report an increase of postoperative drowsiness with dexmedetomidine. It was not possible to draw the same conclusion for clonidine due to a lack of evidence. The timing of measurements, the method of measurement with mainly the Ramsay scale, and the reduction of morphine consumption in the per-and postoperative periods could explain this result. A substantial decrease in agitation was reported with dexmedetomidine, this point has already been well studied in children. [START_REF] Ni | Effect of dexmedetomidine on preventing postoperative agitation in children: a meta-analysis[END_REF] Dryness of the mucous membrane is a well-known effect of dexmedetomidine that may be desirable in cases of fibre optic-guided intubation in conscious patients.

Research implications

Our systematic review highlighted both the poor reporting and lack of standardisation of adverse event reporting in RCTs. During the screening phase, 29% of trials were excluded due to a lack of adverse event evaluation. Furthermore, no serious adverse events anywhere reported in any of the trials. It is essential to report SAEs in trials, whatever the condition evaluated. It is also important to standardize the definition of each adverse effect and use the more accurate markers. Considering the paucity of myocardial infarctions reported in our review compared to the high rate of infarction diagnosed if the troponin was measured, we may question how the accuracy of the tools used to define myocardial infarction could affect the reviews' conclusions.

Future research evaluating the benefits of perioperative alpha 2 agonists use in patients with diverse conditions are required to explore the impact of dose and administration more accurately.

Clinical implications

The lack of evidence and the weak confidence in this evidence for clonidine allow us to provide clinical recommendations only for dexmedetomidine. The use of low doses of dexmedetomidine, the avoidance of boluses and the use of continuous administration reduce the risks of hypotension and bradycardia. Due to the risk of postoperative bradycardia, patients receiving dexmedetomidine should undergo haemodynamic monitoring for a prolonged period after treatment cessation. The use of dexmedetomidine is potentially valuable for avoiding peaks of hypertension and tachycardia during major surgery under general anaesthesia. In our study focusing in patient not at risk of cardiovascular event, it appears that one patient suffers of hypotension for every 18 people treated and one patient avoids a hypertension for every 7 people treated. This information seems important for the clinician who can personalized the treatment depending on the surgical context. 
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Table 1 :

 1 Characteristics of trials included

	Characteristics of the studies	
	Publication year, median [range]	2013 [1991-2018]
	Single-centre trials	56(100)
	Trial size, median no. of patients [range]	67 [28-300]
	Population characteristics	
	ASA 1-2	57 (96)
	Type of surgery	
	Abdominal	12(21)
	Gynaecological	14 (25)
	Orthopaedic	7(12.5)
	ENT	5(8)
	Neurosurgery	4(6)
	Thoracic	5(8)
	Mixed	9 (16)
	Objective of study	
	Prevention of pain	23(41)
	Haemodynamic stability	4(7)
	Reduction of shivering	6(11)
	Sedative effect	3(5)
	Recovery	3(5)
	Cough reduction	2(3)
	Immunomodulator/prevention of inflammation	2(3.6)
	Other	5(7)
	Mixed indication	8(12.3)
	Data are numbers (percentages) unless otherwise indicated. ENT Eye, nose and throat
	surgery.	
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 2 Summary of findings of pairwise meta-analyses and the level of evidence

	DEXMETOMIDINE

Acknowledgements

None

Declaration of interests

We have no conflict of interest to declare.

Funding

This work used only institutional resources

Authors' contributions

The protocol was developed by VM, MD. The search strategy was developed by VM, MD and TA searched for and procured studies. The studies to be included were selected by MD and TA, with VM as the arbiter, and data were extracted by MD and TA. Analyses were done by VM and MD. The analysis was interpreted by VM, MD and DF. The final review was drafted by VM, MD, TA and DF. Both VM and DF will be responsible for the update of the final review. I² = 15% 8 [ 

RR: risk ratio

The level of evidence was assessed by the GRADE method ⊕⊕⊕⊕ High quality: We are very confident that the true effect is close to the estimated effect ⊕⊕⊕⊝ Moderate quality: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimated effect, but there is a possibility that it is substantially different ⊕⊕⊝⊝ Low quality: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimated effect ⊕⊝⊝⊝Very low quality: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimated effect 1 Downgraded for inconsistency [I 2 > 50%].

2 Downgraded for insufficient data quality [START_REF] Gil | Alpha-1-adrenergic receptor agonist activity of clinical alpha-adrenergic receptor agonists interferes with alpha-2-mediated analgesia[END_REF] Downgraded for imprecision: Optimal information size not reached Table 3: Subgroup analysis for clonidine 3A and for dexmedetomidine 3B. For each drug, a subgroup analysis was performed based on doses (the thresholds for high doses were set at 5 μg/kg for clonidine and 0.5 μg/kg for dexmedetomidine); mode of administration (bolus alone, bolus followed by continuous administration and continuous administration alone); administration time (preoperative, intraoperative and postoperative periods). The data shown are the number of trials (number of patients); RR: risk ratio [95% CI]. In grey, significant effect size.