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• Need for integrated approach
• Consider Pain, Agitation, and Delirium
• Avoid deep sedation
• Target ‘awake, comfortable, and communicative 

patients’ as early as possible



Implications of minimising sedation

Admission

Discharge

“Old” “New”

Avoidance of 
unnecessary or 
unintended 
prolongation

Dealing with 
prolonged periods of 
wakefulness



Implications of minimising 
sedation

Tolerance of intubation and invasive 
ventilation
• Analgesia
• Antinociception
• Airway reflexes

Minimising risk of delirium

Managing Pain/discomfort

Managing agitation



Patient recall of intensive care

• Pain and frightening memories are frequently 
recalled by ICU survivors  

Chanques G et al. Anesthesiology 2007;107:858-60.

• Frightening and delusional memories associated 
with post-trauma psychological morbidity after 
critical illness

Parker AM et al. Critical Care Medicine 2015; 43(5):1121-9 



42 studies
Delirium occurred (as dichotomous variable) in 32% of 
patients 
Delirium associated with:
• Mortality during admission (risk ratio 2.19 (CI 1.78 to 2.70; 

P<0.001)
• Longer durations of mechanical ventilation, ICU stay, 

hospital stay
• Higher incidence of cognitive dysfunction among survivors
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Alpha2 agonists

• Act primarily at brain stem locus coeruleus

• Dose-dependent decrease in activity of 
noradrenergic neurons in the brain stem via post-
synaptic receptor-mediated inhibition

• Increases the activity of inhibitory gamma-
aminobutyric acid (GABA) neurons

• Alter natural sleep pathways

• Additional analgesic properties via multiple sites, 
primarily at spinal cord level



Alpha2 agonists

Characteristics of alpha2 agonist sedation:

• Preserved muscle tone and ventilation

• Spontaneous and evoked movements

• Easy awakening by external stimuli

• Patients cooperative and can typically obey simple 
instructions 



Other non-sedation actions

• Analgesia probably occurs via multiple sites, but primarily 
at the level of the spinal cord.

• Biphasic cardiovascular response (after bolus)
• Initial hypertension (activation of receptors on peripheral vascular smooth 

muscle)

• Centrally mediated sympathetic outflow inhibition and vagotonic actions. 
(hypotension and bradycardia)

• Minimal negative inotropic effects; may increase coronary 
blood flow

• Diuresis

• Dry mouth

• Decreased gut motility

• Possibly anti-inflammatory and immune modulating activity



Clonidine

• Introduced 1966 (treatment hypertension)

• Widely used for variety of disorders:
• ADHD, tic disorders, drug withdrawal, restless leg 

syndrome

• Widespread off label use: 
• Stress and hyperarousal/anxiety syndromes

• Pain medicine

• ICU sedation

• Not licensed for ICU sedation or other ICU uses



Dexmedetomidine

• Developed specifically for ICU sedation

• FDA license (initially in 1999) for ICU sedation and 
subsequently procedural sedation in non-intubated 
patients

• EU license (2011) for ICU sedation of intubated 
adult patients requiring light to moderate sedation 
(RASS score 0 to -3)



Cross over trial in patients with agitation: propofol vs dexmeditomidine
Primary outcome change on cognitive function

Sedative choice potentially important in assessing delirium
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Dexmedetomidine versus Clonidine

Dexmedetomidine

• highly selective α2-agonist; α2:α1 
receptor selectivity ratio 1620:1

• EU license since 2011

• >90% protein bound; unbound 
drug freely crosses blood–brain 
barrier. 

• Highly metabolised by liver; inactive 
metabolites excreted by kidneys

• elimination half-life around 2 h (not 
prolonged by renal impairment)

• Estimated cost €100 per day

Clonidine

• lower α2-receptor selectivity; α2:α1 
selectivity ratio 220:1 

• Not licensed as ICU sedative

• less protein bound than 
dexmedetomidine (20-40%)

• hepatic metabolism to inactive 
metabolites, but around 65% excreted 
unchanged in the urine

• elimination half-life around 7 hours 
(range 6-23 hours)

• Prolonged in renal failure (18-41 hours)

• Estimated cost €8 per day
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Current UK sedation practice
• Propofol preferred sedative; alfentanil and fentanyl preferred opioid 

analgesics. 83% ICUs use agents in combination. 

• Point prevalence study: 72% of patients receiving propofol; 8% 

clonidine; 2% dexmedetomidine

• Critical care 2016;20(1):355

Survey Dec 2016 (159 responses from different UK ICUs; 70% response 

rate). 

• 58% ICUs report using dexmedetomidine, but in less than 10% of 

patients.

• 90% ICUs report using clonidine, in up to 25% of patients 

(administration route and protocols varied widely). 

• <5% of ICUs had clear protocols defining indications or which agent to 

use first. 



Current evidence relating to dexmedetomidine and clonidine 
for ICU sedation

Three recent SRs

• Cruickshank M, et al Alpha-2 agonists for sedation of mechanically ventilated adults in 
intensive care units: a systematic review. Health Technol Assess 2016;20(25):v-xx, 1-117.

• 18 RCTs (2489 adult patients)

• No high quality studies of clonidine (x1 small study comparing dexmedetomidine
with clonidine)

• 17 studies: dexmedetomidine with propofol or benzodiazepines

• No overall effect on mortality RR 1.03 [95% confidence interval (CI) 0.85 to 1.24]

• Reduced length of ICU stay (mean difference -1.26 days, 95% CI -1.96 to -0.55 
days) 

• Reduced time to extubation (mean difference -1.85 days, 95% CI -2.61 to -1.09 
days) 

• No clear evidence for reduced delirium (RR 0.83, 95% CI 0.65 to 1.06); high 
statistical heterogeneity. 

• Cochrane review (2015;1:Cd010269)
• Restricted to ICU patients requiring >24 hours MV

• Very similar findings; mean reduction in MV duration 22% (95% CI 10% to 33%)

• Clonidine Review (Critical care 2017;21(1):75)
• Low quality small trials; wide variability in population, dose, route, timing



ICU length of stay

Delirium



• Outcomes: duration MV, mortality, delirium, use/duration sedatives, 
ICU/hospital length of stay

• Adverse effects: bradycardia, hypotension, withdrawal hypertension, 
unplanned extubation/line removal

• 8 RCTs (4 adult; 4 paediatric)

• 6 IV; 2 enteral

• Wide range of dose

• Most use as adjunct to other sedative

• Overall poor quality trials

• Adult trials size range 30 to 104 participants

• Paediatric trials size range 50 to 119 participants



Outcomes in systematic review and meta-analysis

• No difference in MV duration, length of stay outcomes or 
mortality

• No difference in sedative use

• Reduction in analgesic use

• Inadequate data to comment on delirium

Adverse events

• Increase in hypotension; no difference in bradycardia



Comparison of clonidine and dexmedetomidine for 
short term sedation of ICU patients
Srivastava et al. Indian J Crit Care Med 2014; 18:431-6

• MV adult patient; short mean duration (<1 day); 70 patients 
(35 per group)

• Direct comparison of dexmedetomidine versus clonidine as 
main agent

• More hypotension with clonidine

• Sedation quality better with dexmedetomidine



Additional of dexmedetomidine
to standard care associated 
with:
• Reduced time to extubation
• Quicker resolution of 

delirium
• Lower use of antipsychotics



• Sepsis patients in Japan; mean APACHE 23
• Hypothesis based on post hoc analysis of MENDS trial

• Septic sub-group mortality benefit (compared to lorazepam): 16% 
versus 41% mortality 

• Sample size for 20% ARR (200 patients)
• Unblinded trial; comparator usual care
• Co-primary outcome of 28 days mortality and ventilator free days
• Delirium as secondary outcome



JAMA. Published online  March 21, 2017. doi:10.1001/jama.2017.2088

Mortality 23% versus 31%; 8% ARR in mortality (ns)
VFDs 20 days versus 18 days (ns)



Improved sedation quality (as defined in trial)
No difference in delirium/coma



THE EFFECT OF ALPHA-2 AGONISTS ON THE INFLAMMATORY RESPONSE IN CRITICAL 
ILLNESS: A SYSTEMATIC REVIEW OF ANIMAL AND HUMAN STUDIES
Charles A Flanders, Alistair S Rocke, Stuart A Edwardson, Kenneth J Baillie, Timothy 
S Walsh

• Eligible studies: 
• animal or human

• dexmedetomidine or clonidine

• Search terms dexmedetomidine/clonidine, sepsis and inflammation

• Studies with a biological measure of inflammation as an outcome



 

Animal Studies 
Inflammatory Molecule  Alteration with alpha-2 agonist Location 
 Myeloperoxidase Decreased Lung tissue 

Bronchoalveolar lavage fluid 
Epigastric skin tissue flap 
 

Nuclear factor kappa B Decreased Lung tissue 
Bronchoalveolar lavage fluid 
Myocardial tissue 
 

Nitric Oxide/inducible nitric oxide synthase 
mRNA 

Decreased Lung tissue 
Serum 
Epigastric skin tissue flap 

Tumour Necrosis Factor-alpha Decreased Lung tissue 
Bronchoalveolar lavage fluid 
Serum 
Myocardial tissue 

Interleukin-6 Decreased Lung tissue 
Bronchoalveolar lavage fluid 
Serum 
Myocardial tissue 

Toll-Like Receptor 4 Decreased Lung tissue 
Intestinal tissue 
Myocardial tissue 

Myeloid Differentiation Primary Response 
88 (MyD88) 

Decresaed 
 

Lung tissue 
Myocardial tissue 

Interleukin-10 Decreased  Serum  
Vascular endothelial growth factor Increased Lung tissue 
   
Vascular endothelial growth factor 
receptors 1 and 2  

Increased 
 

Lung tissue 

Interleukin-1b Decreased Lung tissue 
Serum 
Myocardial tissue 

Alpha-7 nicotinic acetylcholine receptor Increased Myocardial tissue 
Organic hyperoxides and superoxide radicals Decreased Lung tissue 

Hepatic tissue 
Ileal tissue 

High Mobility Group Box 1 (HMGB1) Decreased Lung tissue 
Renal tissue 
Myocardial tissue 
Serum 

Kidney Injury Molecule 1(KIM1) Decreased Renal tissue 
B-actin Decreased Serum 
Cyclo-oxygenase 2 (COX-2) Decreased Serum 
Prostaglandin E2 (PGE2) Decreased Serum 
Macrophage inflammatory protein 2 (MIP2) Decreased Serum 
Lactate Decreased Serum 
Malondialdehyde (MDA) Decreased Renal tissue 

Epigastric skin tissue flap 

Summary of main 
findings in animal 
studies

In animal studies of 
sepsis and 
inflammation, 
consistent signals of 
anti-inflammatory 
properties.

Uncertain relationship 
to outcomes



Author Population

Gao 2015 RCT of 50 patients undergoing elective 
lobectomy and one lung ventilation

Kang 2013 RCT of 47 patients undergoing elective 
laparoscopic cholecystemomy for chronic 
cholecystitis. 

Kawazoe 2017 Multi centre RCT of 201 ventilated ICU 
patients with a diagnosis of sepsis. 

Memis 2007 RCT of 40 ventilated ICU patients with a 
diagnosis of bacterial sepsis.

Tasdogan 2009 RCT of 40 ventilated ICU patients.

All patients were post-ileal surgery and had 
scored at least 2 sepsis criteria.

Ueki 2014 RCT of 37 patients undergoing elective 
cardiac surgery involving cardiopulmonary 
bypass.

Venn 2001 RCT of 20 ventilated ICU patients post-
elective abdominopelvic surgery.

Yongsuk 2014 RCT of 46 patients undergoing elective 
laparoscopic cholecystectomy.

Zhou 2017 RCT of 40 patients undergoing elective 
multilevel spinal fusion operations.

Summary of Human studies

All studies used dexmedetomidine
Variable dose (0.5-2.5 microgram/kg/hour)

Human Studies

Inflammatory 
Molecule

Alteration with alpha-
2 agonist

Location Number of studies

Interferon Gamma Increased (avoided 
decrease seen in 
placebo group)

Serum 1/1

Tumour Necrosis Factor-
alpha

Decreased Serum 5/5

Superoxide Dismutase 
(SOD)

Decreased Serum 1/1

Malondialdehyde (MDA) Decreased Serum 1/1

Heme-oxygenase 1 (HO-
1)

Decreased Lung tissue

White cell count Decreased Serum 2/2

Interleukin-1b Decreased Serum 3/3
Interleukin-6 Decreased Serum 4/6
Interleukin-10 Decreased Serum 1/1
C Reactive Protein (CRP) Decreased Serum 4/4
Procalcitonin No statistically 

significant change
Serum 1/1

Prealbumin No statistically 
significant change

Serum 1/1

Nuclear Factor Kappa B Decreased Serum 1/1
High Mobility Group Box 
1 (HMGB1)

Decreased Serum 1/1





• More serious adverse events in dexmedetomidine group (2.7% versus 0.4%)
• Almost all cardiovascular (bradycardia and hypotension)
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Clonidine in patients undergoing noncardiac surgery. 
Devereaux PJ, Sessler DI, Leslie K, et al. N Engl J Med. 2014;370:1504-13.

• POISE-2 trial 10,000 patients

• Hypothesis that reducing sympathetic activation would 
protect against cardiac events

• 0.2mg per day pre-operatively to post-operative day 3

• No effect on death/MI

• More patients had hypotension (48% versus 37%)

• Increased non-fatal cardiac arrest with clonidine (0.3% 
versus 0.1%)



• 18 studies (3309 patients)
• Explored cardiac/non-cardiac; timing; age
• Typical dose 0.2microgram/kg/hour
• Variable duration and use of loading dose
• Explored range of secondary outcomes (mortality, 

length of stay)



Cardiac surgery

Non-cardiac surgery



Peri/post operative dexmedetomidine

• Decreases post-operative delirium

• Consistent effects in all surgery types

• Effects seen in younger and older groups

• Suggestion of greater effect with longer infusions 
(around 10-12 hours or until end of MV)

• Inadequate information quality for mortality and 
length of stay outcomes

• Uncertainty about optimum dose/timing
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ALPHA-2 AGONISTS FOR SEDATION TO PRODUCE BETTER 
OUTCOMES FROM CRITICAL ILLNESS

A randomised, parallel-group, allocation concealed, 
controlled, open, phase 3 pragmatic clinical and cost-
effectiveness trial with internal pilot (HTA 16/93/01)



Aims

Overall aim

• To determine whether the α2-agonists clonidine or dexmedetomidine
(or both) are clinically and cost-effective in MV ICU patients compared 
to current usual care. 

• To determine which agent is most clinically effective and offers best 
value to the NHS given important differences in properties and cost 
between the drugs.

Trial

• 3 arms: dexmedetomidine versus clonidine versus usual care (propofol) 

• Around 50 ICUs across the UK

• Target 1737 patients

• 8 sites open; 32 patients included



Analytic framework (hierarchical approach; serial 
gatekeeping to preserve power)
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