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Background: Alpha-2 agonists have sedative, analgesic, and opioid-sparing effects. More-
over, intraoperative or postoperative systemic administration of alpha-2 adrenergic agonists 
is known to reduce postoperative pain and opioid consumption. This meta-analysis investi-
gated whether preoperative administration of alpha-2 agonists can affect postoperative pain 
and opioid consumption.  

Methods: We searched the MEDLINE, EMBASE, Cochrane Library (CENTRAL), KoreaMed, 
and KMbase databases through March 2019 to identify relevant randomized controlled tri-
als (RCTs) on the effect of preoperative systemic administration of alpha-2 agonists on post-
operative pain and opioid consumption. We conducted a meta-analysis according to the Co-
chrane Collaboration guidelines.   

Results: Eleven RCTs involving 748 participants were included in this meta-analysis. Preop-
erative administration of systemic alpha-2 agonists significantly reduced cumulative opioid 
consumption up to 6 h (SMD, –0.52; 95% confidence interval [– 0.90 to –0.14]) and 24 h 
(SMD, –0.68 [–1.27 to –0.09]) after surgery. Moreover, preoperative administration of al-
pha-2 agonists significantly reduced postoperative pain intensity at 6 h (SMD, –0.50 [–0.78 
to –0.21]) and 24 h (SMD, – 0.44 [–0.86 to –0.03]).

Conclusions: In this meta-analysis, high degree of heterogeneity limits the preoperative ad-
ministration of alpha-2 agonists in reducing postoperative opioid consumption and pain in-
tensity. Future powered large RCTs are required to increase the certainty of evidence on the 
effect in reducing postoperative opioid consumption and pain intensity. 

Keywords: Adrenergic alpha-2 receptor agonists; Anesthesia; Clonidine; Dexmedetomidine; 
Meta-analysis; Analgesics, opioid; Postoperative pain; Systematic review.

INTRODUCTION 

Alpha-2 adrenergic agonists, which are widely used for 

various purposes. As an anesthetic premedication, alpha-2 

agonists mainly have anxiolytic effects and have the effect 

of keeping hemodynamic index stable and reducing the 

amount of anesthetics during surgery. Also, intraoperative 

alpha-2 agonists is often administered to perform sedation 

during regional anesthesia. Because of their analgesic 

properties, intraoperative or postoperative use of alpha-2 

agonists may be good adjuvants for use in postoperative 

analgesia and may reduce consumption of analgesics [1,2]. 

Recently, multimodal analgesia with reduced doses of opi-

oids has been emphasized since increased doses of opioids 

lead to adverse events, such as excessive sedation, hyper-

sensitivity, postoperative nausea, vomiting, and respiratory 
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depression [1,3]. 

A previous meta-analysis demonstrated that intraopera-

tive or postoperative systemic administration of alpha-2 ad-

renergic agonists reduced postoperative pain and opioid 

consumption [4]. That meta-analysis, which included 30 

studies, provided evidence of postoperative morphine-spar-

ing at 24 h and showed that the weighted mean difference 

was 4.1 mg (95% confidence interval [CI], 6.0 to 2.2) with 

clonidine and 14.5 mg (22.1 to 6.8) with dexmedetomidine. 

This meta-analysis also provided evidence of a decrease in 

pain intensity at 24 h and showed that the weighted mean 

difference on a 10-cm visual analog scale (VAS) was 0.7 cm 

(1.2 to 0.1) with clonidine and 0.6 cm (0.9 to 0.2) with dex-

medetomidine. 

Nevertheless, controversy exists regarding whether pre-

operative use of alpha-2 agonists as sedatives has an effect 

on reducing postoperative pain. Shariffuddin et al. [5] con-

cluded that a single dose of dexmedetomidine was a useful 

adjuvant in reducing postoperative pain, and Sung et al. [6] 

demonstrated that oral clonidine premedication reduced 

the requirement of postoperative analgesia in patients un-

dergoing laparoscopic cholecystectomy. However, Lee et 

al. [7] found that pre-anesthetic administration of a single 

loading dose of dexmedetomidine given 10 min before in-

duction did not reduce patient-controlled anesthesia con-

sumption of postoperative fentanyl or the pain score. 

The aim of this study was to evaluate the effect of alpha-2 

agonists administered before general anesthesia and surgery 

on postoperative pain and opioid consumption for postop-

erative analgesia. 

MATERIALS AND METHODS 

Study design 

This systematic review and meta-analysis was performed 

according to recent methodological guidelines [8]. The 

protocol was registered on PROSPERO (https://www.crd.

york.ac.uk/PROSPERO, no. CRD42016051454). The study 

was approved by the Institutional Review Board of the Inje Uni-

versity Sanggye Paik Hospital (no. 2017-08-013).

Information sources and search strategy 

Three researchers (JJ, KMK, and SL) systematically 

searched electronic databases such as the PubMed/MED-

LINE, EMBASE, and Cochrane Library (CENTRAL) without 

restriction on the year of publication. Additionally, we 

manually searched the reference lists of included studies to 

identify other relevant trials in the Korean databases (Ko-

reaMed [https://koreamed.org] and KMbase [http://km-

base.medric.or.kr]). The search terms included variants of 

alpha-2 adrenergic receptor stimulating agents and post-

operative pain, as well as Medical Subject Heading (MeSH) 

or EMBASE Subject Heading (EMTREE) terms. A primary 

investigation was performed to confirm the search key-

words and strategy (Appendix 1). The language of the arti-

cles was limited to Korean and English. The last search was 

conducted on March 26, 2019. 

Study selection and eligibility criteria 

The draft search of the electronic databases for identify-

ing potentially relevant research was completed by two au-

thors (JJ and KMK). Thereafter, they independently select-

ed or excluded the studies. Primary selection was based on 

an article’s title and abstract. Secondary selection was per-

formed after full-text review of an article. Studies for final 

assessment were selected in consensus by the two investi-

gators. If necessary, a third investigator (SL) participated in 

study selection, and the final decision was made on the ba-

sis of a majority. 

Studies were included in the meta-analysis if they satis-

fied the following criteria: (1) patients underwent non-car-

diac surgery or neurosurgery under general anesthesia; (2) 

intravenous or oral administration of an alpha-2 agonist 

was used prior to surgery as an intervention; (3) results of 

the control group were reported; and (4) postoperative 

pain scores or opioid consumption was reported as a pri-

mary outcome. 

Studies were excluded for the following reasons: (1) in-

tranasal, rectal, local, or topical administration of an al-

pha-2 agonist; (2) did not report appropriate outcomes or 

outcome measurements as mentioned; (3) patients under-

went epidural anesthesia combined with general anesthe-

sia; (4) non-randomized controlled trials (RCTs) or studies 

without a control group; (5) non-human studies; and (6) 

articles not in Korean or English. 

Risk of bias in individual studies 

Two authors (JJ and KMK) reviewed the articles inde-

pendently to assess the risk of bias by using the “risk of bias 

(ROB)” tool provided in the Review Manager software ver-
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sion 5.3 (The Cochrane Collaboration, UK) based on Co-

chrane’s assessment of risk of bias. If necessary, a third re-

viewer (SL) was included to sort disagreements. The fol-

lowing seven domains to assess the risk of bias were used 

in each trial: random sequence generation, allocation 

concealment, blinding of participants and personnel, 

blinding of outcome assessment, incomplete outcome 

data, selective reporting, and other bias. We specified the 

seventh domain “other bias” for assessing the adequate 

estimation of sample size calculation. The methodology 

for each trial was graded as “high,” “low,” or “unclear” to 

reflect a high risk of bias, low risk of bias, or uncertainty of 

bias, respectively. 

The agreement between the two independent reviewers 

for the level of risk of bias regarding the seven domains was 

assessed using Cohen’s kappa [9]. 

Data collection process and extracted items 

Three authors (JJ, KMK, and HK) extracted information 

from the original articles, and another author (SL) inde-

pendently confirmed all the extracted data. The following 

data were included in the data extraction form: patient 

characteristics, age, sex, intervention dose and method, 

pain-measurement tool and pain score, and postoperative 

analgesic method and usage. If the data were insufficient 

or unclear, the data were extracted from the text, tables, or 

graphs. 

Regarding preoperative administration of alpha-2 ago-

nists, only intravenous (IV) or oral administration method 

was included, but the mode of administration (bolus or 

continuous infusion) and dose were not restricted. A study 

using continuous infusion of intervention drugs during 

surgery was excluded. 

Before we selectively extracted data from various studies, 

the pain scores measured at postoperative 6 h or at the 

nearest time point within postoperative 6 h were defined as 

“early period pain scores.” The scores measured at postop-

erative 24 h were defined as “late period pain scores.” In 

case of lack of data at postoperative 24 h, the latest pain 

scores between postoperative 6 and 24 h were considered 

as “late period pain scores.” Cumulative opioid consump-

tion up to 6 h after surgery were defined as “early period 

opioid consumption.” If the data for cumulative opioid con-

sumption were not available at postoperative 6 h, supersed-

ed data were collected in the same way with those of pain 

scores. “Late period opioid consumption” was defined as 

the cumulative opioid consumption up to 24 h after surgery. 

The VAS scores were extracted for analyzing postopera-

tive pain intensity. Pain scores included mean and stan-

dard deviation (SD) at the time of measurement. We in-

cluded postoperative opioid consumption data only from 

those studies that performed IV or oral administration of 

opioids, but no restriction was applied to the mode of ad-

ministration. We also  excluded studies that reported the 

time to the first request for opioid analgesics or the number 

of times opioid analgesics was required. When studies used 

opioid analgesics other than morphine, the doses were 

converted into morphine equivalents, and the cumulative 

consumption at the time of measurement was recorded. 

Statistical analysis 

Summary measures 
Opioid consumption data were extracted as mean and 

SD of the cumulative morphine consumption in the early 

and late periods. To measure pain intensity, we extracted 

the mean and SD of the pain scores of the early and late 

periods. 

Synthesis of results 
Changes in continuous outcomes, such as postoperative 

pain intensity or dose of opioid consumption, were pooled 

as standardized mean differences (SMDs), because differ-

ent scaling of outcome measurements were expected 

across trials. We also calculated the 95% CIs for all esti-

mates. A random-effect model was used to pool the study 

results, taking into account possible variations in effect siz-

es across trials. The heterogeneity statistic Cochrane Q and 

its corresponding (df) and P value as well as Higgins’ I2 as a 

measure of heterogeneity were calculated. P <  0.05 was 

considered representative of statistically significant hetero-

geneity, and I2 >  50% was considered to represent signifi-

cant heterogeneity. 

Post-hoc subgroup analyses were performed where pos-

sible for each outcome to explore heterogeneity based on 

the different route of administration between clonidine 

(per oral) and dexmedetomidine (intravenous). Chi-

squared tests for heterogeneity were performed to identify 

the differences between subgroups. 

Publication bias was not evaluated because only few 

studies less than 10 were included in this meta-analysis. 

We performed a sensitivity analysis to evaluate the sta-

bility of the results. Each study included in the meta-analy-

www.anesth-pain-med.org 159

Effect of preoperative alpha-2 agonists on postoperative pain



sis was deleted each time to reflect the influence of an indi-

vidual data set on the pooled effect estimate. We performed 

all analyses using R 3.51 (R Foundation for Statistical Com-

puting, Austria) and Review Manager (RevMan, version 5.3, 

The Cochrane Collaboration). 

RESULTS 

Study selection and characteristics 

We retrieved 2,477 articles after the initial database 

search: PubMed/MEDLINE (n =  960), EMBASE (n =  651), 

CENTRAL (n =  704), and Korean databases (n =  162). 

After removing 1,845 duplicate articles, primary selec-

tion was performed on 632 articles. First, we excluded 550 

unrelated articles by analyzing their titles and abstracts. 

Thereafter, full-text reviews were conducted on 82 articles. 

Of these 82 full-text articles, 71 were excluded for the fol-

lowing reasons: general anesthesia not performed or com-

bined with regional anesthesia (n =  7), cardiac surgery (n 

=  1), neurosurgery wherein neurological symptoms could 

occur (n =  1), continuous infusion during or after surgery 

or unclear injection time (n =  18), administration via 

routes other than the IV or oral route (n =  7), used in com-

bination with other drugs (i.e., ketamine, gabapentin, or 

remifentanil) (n =  3), did not report appropriate outcomes 

such as pain score or opioid consumption (n =  13), no 

placebo group or study protocol without results (n =  9), 

articles not in Korean or English (n =  4), duplicated study 

(n =  3), and full text unavailable (n =  5). Finally, ROB 

evaluation and data extraction were performed on 11 

studies [5–7,10–17]. Three studies [7,11,14] that did not re-

port SD values were excluded from the meta-analysis of 

pain intensity (Fig. 1).  

In all studies, alpha-2 agonists were administered via the 

oral [6,13,16] or IV route [5,7,10–12,14,15,17], but the doses 

and timing of injection differed among the studies (in most 

studies, the timing was between 2 h and right before anes-

thesia induction; in study of Pawlik et al. [13], the timing 

was the evening before and 2 h before anesthesia induc-

tion). Moreover, the type of opioids used differed across 

studies (morphine [14,17], fentanyl [7,11,15], and pethidine 

[6]). The frequency and interval of measurement of the 

pain score also varied across studies (ranging from every 

30 min to once daily) (Table 1). 

Quality assessment of the included studies (risk 
of bias within studies) 

The ROB evaluation revealed an overall low risk of bias 

(Figs. 2, 3).The proportion of studies assessed as “unclear” 

was 18.2% in random sequence generation, 27.3% in allo-

cation concealment, 27.3% in blinding of participants and 

personnel, 9.1% in incomplete outcome data, and 18.2% in 

other bias. Random sequence generation was unclear in 

two studies [6,10] that did not specify a randomization 

method. Allocation concealment was unclear in three 

studies [6,10,11] that did not mention the specific alloca-

tion concealment method. Three studies that did not de-

scribe the blinding method for placebos were also rated as 

“unclear” [6,13,16]. The risk of incomplete outcome data 

was unclear in the study by Lee et al. [7], because the drop-

out rate was 5 to 20%. Among the risk assessments of other 

biases mentioned in the Materials and Methods section, a 

Records identified through
database searching
PubMed (n = 960)
EMBASE (n = 651)

Cochrane Library (n = 704)

Additional records identified
through sources

Korea DB (n = 162)

Records after duplicates removed
(n = 1,845)

Records screened
(n = 632)

Records excluded
(n = 550)

Full-text articles excluded, with 
reasons (n = 71)

- Not general anesthseia (n = 7)
- Cardiac surgery (n = 1)
- Neurosurgery (n = 1)
- Not administered only preoperatively 

(n = 18)
- Administered other route except IV 

or PO (n = 7)
- Associated with other compounds  

(n = 3)
- Not appropriate pain score or opioid 

consumption date (n = 13)
- Not controlled with placebo (n = 9)
- Not in Korea or English (n = 4)
- Unable to obtain full text (n = 5)
- Duplicated study (n = 3)

Studies included in 
qualitative synthesis

(meta-analysis)
(n = 11)

Full-text articles 
assessed for 

eligibility (n = 82)

Fig. 1. Flow diagram of search strategy and study selection. DB: 
database, IV: intravenous, PO: postoperative.
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power analysis to calculate the required sample size was 

not performed by Mizrak et al. [14], leading to a high risk of 

bias. The proportion of studies assessed as “unclear” was 

54.5% in blinding of outcome assessment and 90.9% in se-

lective reporting. Six studies inaccurately described wheth-

er blinding of outcome assessment was implemented 

[6,7,10,11,15,16]. Most studies did not provide information 

about Web-based study registration sites, except for one 

study [16]. 

Effects on postoperative pain and opioid consump-
tion 

The early period opioid consumption data extracted 

from two studies [10,11] were data collected from the 

post-anesthesia care unit (PACU) instead of those collected 

up to 6 h. The early period pain score data from two other 

studies [12,13] were data collected from the PACU instead 

of those collected up to 6 h after surgery. Moreover, anoth-

er study [6] analyzed pain score data measured at the 2nd 

hour. For the late period pain score analysis, data collected 

up to 8 h after surgery were extracted from one study [13] 

instead of those collected up to 24 h after surgery. 

Opioid consumption for early postoperative pain (6 h 

after surgery) 

A meta-analysis synthesizing data from five effect sizes 

from five studies [7,10,11,15,17] (n =  236; 118 in the experi-

mental group and 118 in the control group) suggested that 

opioid consumption for early postoperative pain was sig-

nificantly reduced in the preoperative alpha-2 agonist 

group (SMD, –0.52; 95% CI [–0.90 to –0.14]; P =  0.093; I2 =  

50%; Fig. 4A). 

The test for subgroup differences indicated that there is 

no statistically significant subgroup effect (P =  0.63, analy-

sis not presented), suggesting that the route of administra-

tion does not modify the effect of alpha-2 agonist in com-

parison to control drug on the opioid consumption for ear-

ly postoperative pain. 

Opioid consumption for late postoperative pain (24 h  

after surgery) 

We performed a meta-analysis synthesizing data from 

three studies [6,7,17] (n =  202; 89 in the experimental 

group and 113 in the control group), which suggested that 

opioid consumption for late postoperative pain was signifi-

cantly reduced in the preoperative alpha-2 agonist group 
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(SMD, –0.68; 95% CI [–1.27 to –0.09]; P =  0.025; I2 =  73%; 

Fig. 4B). 

A subgroup analysis comparing the effect in postopera-

tive opioid consumption in late period (24 h) was not pos-

sible due to there being too few trials in this category.  

Pain score for early postoperative pain (6 h after 

surgery) 

A meta-analysis synthesizing data from seven studies 

[5,6,12,13,15–17] (n =  418; 199 in the experimental group 

and 219 in the control group) suggested that the pain score 

for early postoperative pain was significantly reduced in 

the preoperative alpha-2 agonist group (SMD, –0.50; 95% 

CI [–0.78 to –0.21]; P =  0.058; I2 =  51%; Fig. 4C). 

The test for subgroup differences indicated that there is 

no statistically significant subgroup effect (P =  0.86, analy-

sis not presented), suggesting that the route of administra-

tion does not modify the effect of alpha-2 agonist in com-

parison to control drug on the early postoperative pain. 

Pain score for late postoperative pain (24 h after 

surgery) 

Five studies [5,13,15–17] (n =  268; 135 in the experimental 

group and 133 in the control group) reported data on the pain 

score for late postoperative pain. Preoperative alpha-2 ago-

nists significantly reduced the postoperative pain score (SMD, 

– 0.44; 95% CI [–0.86 to –0.03]; P =  0.026; I2 =  64%; Fig. 4D). 

The test for subgroup differences indicated that there is 

no statistically significant subgroup effect (P =  0.53, analy-

sis not presented), suggesting that the route of administra-

tion does not modify the effect of alpha-2 agonist in com-

parison to control drug on the late postoperative pain. Fig. 3. Risk of bias summary: review authors' judgements about 
each risk of bias item for each included study.
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Fig. 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across all included studies.
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Sensitivity analysis 

Opioid consumption in the early postoperative period 

was 38% lower (SMD, –0.32; 95% CI [–0.62 to –0.02]; P =  

0.036) than the pooled estimate effect size (SMD, –0.52; 

95% CI [–0.90 to –0.14]; P =  0.007) after omitting one trial 

[17]. Opioid consumption in the late postoperative period 

was 35% lower (SMD, –0.44; 95% CI [–0.78 to –0.10]; P =  

0.010) than the pooled estimate effect size (SMD, –0.68; 

95% CI [–1.27 to –0.09]; P =  0.025) after omitting one trial 

[17]. The pain scores in the early and late postoperative pe-

Fig. 4. Forest plot diagram showing the effect of alpha-2 agonist on postoperative pain intensity and opioid consumption. (A) Early period 
opioid consumption. (B) Late period opioid consumption. (C) Early period pain score. (D) Late period pain score. Std. Mean difference: 
standardized mean difference, IV: intravenous, CI: confidence interval, SD: standard deviation.

riods were not statistically significantly different between 

the alpha-2 agonist group and control group after omitting 

one trial each [16,17], which had a great influence on het-

erogeneity (results not shown). 

DISCUSSION 

In this meta-analysis, we evaluated the effect of preoper-

ative administration of alpha-2 agonists on total opioid 

consumption for postoperative analgesia and postopera-

tive pain score. We found that opioid consumption and 

A

B

C

D
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pain score were significantly lower in both the early and 

late periods. This may be due to a preemptive analgesic ef-

fect, anxiolytic effect, analgesic-sparing effect, or a residual 

additive effect of alpha-2 agonists [5,17]. 

Recently, intraoperative administration of alpha-2 ago-

nists has mainly been used for multimodal analgesia [1]. 

According to the results of a meta-analysis conducted by 

Schnabel et al. [18], intraoperative use of dexmedetomi-

dine leads to lower postoperative pain intensity and re-

duced opioid consumption. Therefore, in our analysis, why 

did the analgesic effect continue after surgery when al-

pha-2 agonists were administered before surgery? This was 

the reason why we aimed to investigate whether preopera-

tive administration of alpha-2 agonists affects postopera-

tive pain as does intraoperative administration of alpha-2 

agonists. Intraoperative or postoperative administration of 

alpha-2 agonists is likely more beneficial when considering 

only the duration of drug administration for postoperative 

pain management. However, this was difficult to analyze 

because each included study used different types of anes-

thetics, analgesics, and surgeries, as well as different dura-

tions of surgery. First, this could be considered a result of 

reducing preoperative anxiety in patients. Preoperative al-

pha-2 agonists are frequently used to reduce a patient’s 

anxiety, which is also associated with a patient’s preopera-

tive well-being and decreased levels of postoperative pain 

[19]. Moreover, the preemptive effects could already have 

occurred as a result of the administration of alpha-2 ago-

nists before surgical stimulation [19,20].  

This meta-analysis has several limitations. The number 

of studies included was quite small. To maintain good 

quality, only complete RCTs and studies published in En-

glish and Korean were included in this meta-analysis, 

thereby resulting in the small number of studies. Moreover, 

most studies had small sample sizes and some studies did 

not report postoperative pain and opioid consumption as 

primary endpoints. Since the types of anesthetics and an-

algesics used in each study were different, they could pos-

sibly have affected the endpoints we were measuring. In 

addition, the weight of the results of the meta-analysis was 

not high because of the inclusion of few studies that were 

conducted in accordance with our inclusion criteria. 

Although not directly analyzed in this study, because 

opioid usage and opioid-related side effects increase pro-

portionally [21], preoperative administration of alpha-2 ag-

onists can be expected to reduce opioid-related side effects, 

as suggested by the results of this meta-analysis [22–24]. 

Furthermore, we did not distinguish between dexmede-

tomidine and clonidine when analyzing alpha-2 agonists. 

Because these two drugs have different selectivity for al-

pha-2 adrenal receptors, their effects may be different. 

In summary, we demonstrated that preoperative IV or 

oral administration of alpha-2 agonists, such as clonidine 

and dexmedetomidine, may reduce postoperative opioid 

consumption and pain intensity until 24 h. However, high 

degree of heterogeneity due to variations in the study 

method and small sized studies, limits the recommenda-

tions in the preoperative administration of alpha-2 ago-

nists. Future powered large RCTs are required to increase 

the certainty of evidence on the effect in reducing postop-

erative opioid consumption and pain intensity. 
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Appendix 1. Example of electronic database searching strategy for MEDLINE 

#16. #14 AND #15 

#15. random* 

#14. #13 AND [english]/lim 

#13. #5 AND #11 AND #12 

#12. postop* OR postane* OR 'post op*' OR 'post ane*' OR postanae* OR 'post anae*' 

#11. #6 OR #7 OR #8 OR #9 OR #10 

#10. pca OR 'patient controlled analgesia' 

#9. analgesic* 

#8. fentanyl 

#7. morphine 

#6. opioid* 

#5. #1 OR #2 OR #3 OR #4 

#4. (alpha AND 2 OR 'alpha-2' OR a2 OR 'a 2') AND agonist* 

#3. precedex 

#2. dexmedetomidine 

#1. clonidine
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