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Summary: Afonso J, Reis F – Dexmedetomidine: Current Role in Anesthesia and Intensive Care.

Background and objectives: To update and review the application of dexmedetomidine in anesthesia and intensive care. This study is a com-
prehensive review of clinical uses, pharmacology, pharmacokinetics, mechanism of action and adverse effects of dexmedetomidine. 

Content: The effective use of sedative-hypnotic agents and analgesics is an integral part of comfort and safety of patients. Dexmedetomidine is a 
potent and highly selective α-2 adrenoceptor agonist with sympatholytic, sedative, amnestic, and analgesic properties, which has been described 
as a useful and safe adjunct in many clinical applications. It provides a unique “conscious sedation”, analgesia, without respiratory depression. 
The current reviewed uses include sedation at Intensive Care Unit – ICU (both adult and pediatric), emergency department, regional and general 
anesthesia, neurosurgery, sedation for pediatric procedures, awake fiber-optic intubation, cardiac surgery and bariatric surgery. 

Conclusions: Dexmedetomidine offers a unique ability of providing both sedation and analgesia without respiratory depression. It is a new agent 
with a wide safety margin, excellent sedative capacity and moderate analgesic properties. Although its wide use is currently in patients of surgical 
and non-surgical intensive care units, dexmedetomidine seems to have promising future applications in neuroprotection, cardioprotection and 
renoprotection. More detailed studies are required to define its role as sedative in critical, neurosurgical and pediatric patients, as anesthesia 
adjunct and sedative during procedures. 
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INTRODUCTION

Effective use of sedative-hypnotic and analgesic agents is an 
integral part of providing patient comfort and safety. Choosing 
the appropriate agent or combination is crucial in order to alle-
viate noxious stimuli, stress and anxiety, while minimizing the 
risk of adverse events.

Dexmedetomidine is a potent and highly selective α-2 
adrenoceptor agonist with sympatholytic, sedative, amnes-
tic, and analgesic properties 1,2, which has been described 
as a useful and safe adjunct in many clinical applications. It 
is the most recently developed and commercialized agent in 
this pharmacological class. It provides a unique “conscious 
sedation” (patients appear to be asleep, but are readily rou-
sed), analgesia, without respiratory depression. It decreases 
central nervous system (CNS) sympathetic outflow in a dose-
dependent manner and has analgesic effects best described 
as opioid-sparing. There is increasing evidence of its organ 

protective effects against ischemic and hypoxic injury, inclu-
ding cardioprotection, neuroprotection and renoprotection 3.

This work aims to update and review the application of 
dexmedetomidine in anesthesia and intensive care. It is a 
comprehensive review of current clinical uses, pharmacology, 
pharmacokinetics, mechanism of action, and side effects of 
dexmedetomidine.

HISTORY

The first α-2 adrenoceptor agonist was synthesized in the ear-
ly 1960s to be used as a nasal decongestant. Early applica-
tion of the new substance, now known as clonidine, showed 
unexpected side effects, with sedation for 24 hours and symp-
toms of severe cardiovascular depression. Subsequent tes-
ting led to the introduction of clonidine as an antihypertensive 
drug in 1966. Over the years, clonidine gained acceptance as 
a powerful therapy not only for high blood pressure but also 
for the management of alcohol and drug withdrawal, for ad-
junctive medication in myocardial ischemia, and for pain and 
intrathecal anesthesia 4.

The use of α-2 adrenoceptor agonists as anesthetics is not 
new. Veterinarians employed xylazine and detomidine for a 
long time to induce analgesia and sedation in animals 5, and 
much of current knowledge was gained from this application. 
It has recently become evident that complete anesthesia is 
possible by employing new, more potent α-2 agonists, such 
as medetomidine and its stereoisomer, dexmedetomidine.
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Dexmedetomidine (Precedex; Abbott Labs, Abbott Park 
IL) was approved in the United States, by the Food and Drug 
Administration (FDA), at the end of 1999, for use in humans 
as a short-term medication (< 24 hours) for sedation/analge-
sia in the intensive care unit (ICU) and, thereafter, in some 
other countries (Czech Republic, for example). Its unique pro-
perties render it suitable for sedation and analgesia during 
the whole perioperative period. Its applications as a preme-
dication, as an anesthetic adjunct for general and regional 
anesthesia, and as a postoperative sedative and analgesic 
are similar to those of the benzodiazepines, but a closer look 
reveals that the α-2 adrenoceptor agonist has more beneficial 
side effects.

PHYSIOLOGY

α-2 Adrenoceptor agonists

α-2 adrenergic receptors (or adrenoceptors) are transmem-
brane receptors composed of excitable G-proteins, which 
cross the cell membrane and link selectively with extracellu-
lar ligands: endogenous mediators or exogenous molecules, 
such as drugs. The α-2 adrenergic receptor consists of three 
α-2 isoreceptors - α-2a, α-2b and α-2c - which bind α-2 ago-
nists and antagonists with similar affinities and share an ami-
no acid composition homology of approximately 70 to 75%. 
Sub-receptor specific agonists or antagonists that enhance 
advantageous effects while limiting deleterious effects may 
be forthcoming 6.

α-2 adrenoceptors have been implicated in a variety of 
physiological functions. The pharmacology of α-2 adrenocep-
tors is complex, but pharmacological studies, helped by the 
development of genetic mouse models, have elucidated the 
physiological effects mediated by the different α-2 adrenocep-
tor subtypes 7.

Specific α-2 receptor subtypes mediate the varied phar-
macodynamic effects of dexmedetomidine. For example, 
agonism at the α-2a receptor appears to promote sedation, 
hypnosis, analgesia, sympatholysis, neuroprotection and 
inhibition of insulin secretion. Agonism at the α-2b receptor 
suppresses shivering centrally, promotes analgesia at spinal 
cord sites, and induces vasoconstriction in peripheral arteries. 
The α-2c receptor is associated with modulation of cognition 
sensory processing, mood and stimulant-induced locomotor 
activity, and regulation of epinephrine outflow from the adre-
nal medulla. Inhibition of norepinephrine release appears to 
be equally affected by all three α-2 receptor subtypes 3.

These receptors appear to possess presynaptic, postsy-
naptic and extrasynaptic sites of action. In fact, α-2 adrener-
gic receptors have been found in platelets and in a variety of 
organs, including the liver, pancreas, kidney and eye and in 
the central and peripheral nervous system, at autonomic gan-
glia and presynaptic and postsynaptic sites. The presynaptic 
sites of action are clinically significant because they modula-
te the release of norepinephrine and adenosine triphosphate 
through a negative feed-back mechanism.

The physiological responses regulated by α-2 receptors 
vary depending on their location. The stimulation of α-2 recep-
tors in the brain and spinal cord inhibit neuronal firing, which 
leads to hypotension, bradycardia, sedation and analgesia. 
The responses from other organs containing α-2 receptors 
include decreased salivation, secretion, and gastric motility; 
inhibited renin release; increased glomerular filtration rate; 
increased secretion of sodium and water in the kidney; de-
creased intraocular pressure; and decreased insulin secretion 
from the pancreas. The stimulation of α-2 receptors decrea-
ses calcium entry into nerve terminals, which may contribute 
to its inhibitory effect on neurotransmitter release 8.

Mechanisms of action

The hypnotic effect of dexmedetomidine is mediated by the 
hyperpolarization of noradrenergic neurons in the locus ce-
ruleus of the brain stem (a small bilateral nucleus that con-
tains many adrenergic receptors), which is the primary site in 
modulating wakefulness. When the α-2 adrenergic receptor is 
activated, it inhibits adenylyl cyclase. This latter enzyme ca-
talyzes the formation of cyclic AMP (cAMP), a crucial second 
messenger molecule that acts in many catabolic cell proces-
ses. By reducing the amount of cAMP in the cell, dexmedeto-
midine favors anabolic over catabolic pathways. Simultaneou-
sly, there is an efflux of potassium through calcium-activated 
potassium channels and an inhibition of calcium entry into cal-
cium channels in nerve terminals 9. The change in membrane 
ion conductance leads to a hyperpolarization of the membra-
ne, which suppresses neuronal firing in the locus ceruleus as 
well as activity in the ascending noradrenergic pathway 10. 
The locus ceruleus is also the site of origin for the descending 
medullospinal adrenergic pathway, which is known to be a key 
mechanism in regulating nociceptive neurotransmission. The 
similar mechanisms of α-2 receptors and opioid receptors in 
this area of the brain have contributed to the thought that the-
re must also be extra-spinal sites of action. When these sites 
are stimulated, they decrease the firing of nociceptor neurons 
stimulated by peripheral A and C fibers and also inhibit the 
release of their neurotransmitters. The analgesic effects are 
believed to be in the dorsal horn of the spinal cord.

When a hypnotic dose of dexmedetomidine was adminis-
tered to laboratory animals, norepinephrine release from the 
locus ceruleus was inhibited. The absence of inhibitory control 
over the ventrolateral preoptic nucleus (VLPO) resulted in the 
release of -aminobutyric acid (GABA) and galanin, which fur-
ther inhibited the locus ceruleus and tuberomamillary nucleus 
(TMN). This inhibitory response also causes a decrease in the 
release of histamine, which results in a hypnotic response. 
This response is similar to that found in normal sleep in that 
the reduction of norepinephrine release by the locus ceruleus 
triggers the release of GABA and galanin by the VLPO. The-
se neurotransmitters further inhibit norepinephrine release by 
the locus ceruleus and suppress histamine secretion by the 
TMN. The reduced occupancy of the histamine receptors on 
the cells of the subcortical areas induces a hypnotic state 11.
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PHARMACOLOGY

Dexmedetomidine is chemically described as (+)-4-(S)-[1-
(2,3-dimethylphenyl)ethyl]-1 H-imidazole monohydrochloride. 
It has a molecular weight of 236.7. It has a pH in the range of 
4.5-7. It is water soluble, has a pKa of 7.1. Its partition coeffi-
cient in octanol: water at pH 7.4 is 2.89 (Figure 1) 12.

and adults to effect a steady state plasma concentration 14. 
However, in patients aged ≥ 65 years, a greater incidence of 
hypotension and bradycardia was reported; therefore, a dose 
reduction in this population may be warranted 12. In children 
younger than 2 years of age, the volume of distribution at ste-
ady state is increased, suggesting that higher doses are requi-
red to achieve steady state; but t ½ β is prolonged, which may 
result in increased drug accumulation with time 14.

Dexmedetomidine is extensively metabolized in the liver 
through glucuronide conjugation and biotransformation by the 
cytochrome P450 enzyme system. There are no known active 
or toxic metabolites. However, hepatic clearance may be de-
creased by as much as 50% of normal with severe liver dise-
ase. No differences have been seen between healthy patients 
and those with renal impairment. The metabolites are elimi-
nated to the extent of 95% in the urine and 4% in the feces. 
Considering that the majority of the metabolites are excreted 
in the urine, there is a theoretical risk that accumulation may 
result with prolonged administration 15.

PHARMACODYNAMICS

Hemodynamic effects

A brief biphasic, dose-dependent, cardiovascular response 
has been reported after the initial administration of dexme-
detomidine. The bolus dose of 1 µg.kg-1 results in an initial 
increase in blood pressure and a reflex drop in heart rate. This 
response is seen more often with young and healthy patients. 
The stimulation of the α-2b receptors in vascular smooth mus-
cle is postulated to be the cause of the increase in blood pres-
sure. The rise in blood pressure can be attenuated by a slow 
infusion and by avoiding bolus administration of the drug 8.

This initial response lasts for 5 to 10 minutes and is followed 
by a slight decrease in blood pressure due to the inhibition of 
central sympathetic outflow. The presynaptic α-2 receptors 
are also stimulated, thereby decreasing norepinephrine relea-
se, causing a fall in blood pressure and heart rate. The dose-
dependent bradycardiac effect of dexmedetomidine is prima-
rily mediated by the decrease in sympathetic tone and partly 
by baroreceptor reflex and enhanced vagal activity 10,16.

Therefore, the cardiovascular effects of dexmedetomidine 
are predictable and can be derived from the α-2 adrenoceptor 
pharmacological effects. Slow bolus loading or omitting bolus 
loading 17 to prevent initial hypertension and reflex bradycar-
dia as well as drug dosing, rate of drug infusion, adequate 
volume repletion and careful patient selection and monitoring 
renders dexmedetomidine a substance with predictable side-
effects belonging to a pharmacological class with a wide sa-
fety margin 10.

Central nervous system effects

Like other α-2 adrenoceptor agonists, dexmedetomidine pro-
vides sedation, hypnosis, anxiolysis, amnesia and analgesia. 
The dose-dependent sedative/hypnotic effects of dexmedeto-
midine have been well documented in various experimental 

Dexmedetomidine is the pharmacologically active dextro 
enantiomer of medetomidine, the methylated derivative of eto-
midine. It is considered primarily as α-2 adrenoceptor agonist, 
but also incorporates an imidazoline structure, thus having an 
agonist effect on imidazoline receptors.

Dexmedetomidine is chemically related to clonidine, but is 
approximately eight times more specific for α-2 adrenoceptors 
with α-2: α-1 selectivity ratio of 1620:1, compared with 200:1 for 
clonidine, especially for the 2a subtype, which makes dexme-
detomidine more effective than clonidine for sedation and anal-
gesia 12. Its effects are dose-dependently reversed by adminis-
tration of a selective α-2 antagonist, such as atipamezole 3.

PHARMACOKINETICS

Dexmedetomidine follows linear or zero-order kinetics, mea-
ning that a constant amount of the drug is eliminated per hour 
rather than a constant fraction of the drug eliminated per hour, 
which is characteristic of first order kinetics. After intravenous 
administration (IV) in healthy adult volunteers, dexmedetomi-
dine has an onset of action after approximately 15 minutes. 
Peak concentrations are usually achieved within 1 hour after 
continuous IV perfusion. Dexmedetomidine is also absorbed 
systemically through the transdermal, oral, or intramuscular 
routes, with a mean bioavailability from the latter two routes of 
82 and 104%, respectively 3. Protein binding to serum albumin 
and α1-glycoprotein is reported to be approximately 94% and 
remains constant despite varied concentrations of the drug. 
The bound fraction is decreased significantly in patients with 
hepatic dysfunction, compared with healthy patients; therefo-
re, a dose reduction in patients with hepatic dysfunction may 
be required.

It has a rapid distribution phase. Its steady state volume 
of distribution is 118 L and its distribution half-life (t ½ α) is 
6 min in adults over the manufacturer-suggested dose ranges 
of 0.2-0.7 µg.kg-1.h-1, an elimination half-life (t ½ β) of between 
2.0 and 2.5 hours 13 and a clearance of 39 L.h-1.

Total plasma clearance of dexmedetomidine is age inde-
pendent; thus, similar rates of infusion can be used in children 
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and clinical trials. With increasing doses of dexmedetomidine, 
profound anesthetic actions have been described, leading to 
the suggestion that dexmedetomidine could be used as a total 
intravenous anesthetic 10,18,19.

Interestingly, some similarity with natural sleep was obser-
ved with dexmedetomidine-induced sedation. This is in accor-
dance with other findings in rats, which proposed that dexme-
detomidine converges on a natural sleep pathway, activating 
pathways that promote endogenous non-rapid eye movement 
sleep to exert its sedative effect 20. It also preserves a cerebral 
blood flow pattern akin to natural sleep.

The amnestic effects of dexmedetomidine are far less than 
the benzodiazepines, which provide profound anterograde 
amnesia that may contribute to confused states on emergen-
ce. In contrast, amnesia is achieved with dexmedetomidine 
only at high plasma levels (≥ 1.9 ng.mL-1), without retrograde 
amnesia 19.

The analgesic properties of dexmedetomidine in humans 
are more controversial. It has been suggested that the spinal 
cord is probably the major site of analgesic action of α-2 adre-
noceptor agonists. It appears to exert analgesic effects at the 
spinal cord level and at supraspinal sites. Dexmedetomidine 
may also provide antinociception through non-spinal mecha-
nisms – intra-articular administration during knee surgery im-
proves postoperative analgesia, with less sedation than the IV 
route 21. Suggested mechanisms are activation of α-2a recep-
tors 22, inhibition of the conduction of nerve signals through C 
and Aδ fibers, and the local release of encephalin.

Respiratory effects

Despite profound sedative properties, dexmedetomidine is 
associated with only limited respiratory effects, even when 
dosed to plasma levels up to 15 times of those normally 
achieved during therapy, leading to a wide safety margin 23. 
Hypercapnic arousal is preserved, and the apnea threshold is 
actually decreased.

In contrast to infusions of opioids, benzodiazepines, or pro-
pofol, dexmedetomidine can safely be infused through trache-
al extubation and beyond 3. Despite the lack of respiratory de-
pression, only later dexmedetomidine was originally approved 
by the FDA for use in “initially intubated, mechanically ventila-
ted patients,” that is, it had to be started on ventilated patients 
but could be continued through and beyond tracheal extuba-
tion. In October 2008, dexmedetomidine was approved by the 
FDA for procedural sedation in non-intubated patients 3. 

Metabolic effects

Dexmedetomidine and other α-2 agonists suppress shivering, 
possibly by their activity at α-2b receptors in the hypothalamic 
thermoregulatory center of the brain. Low-dose dexmedeto-
midine has an additive effect with meperidine on lowering the 
shivering threshold, when they are combined. It may also be 
beneficial in decreasing patient discomfort from postoperative 
shivering and controlling shivering that may delay therapeu-

tic hypothermia for acute stroke or CNS injury 24. Easley 
et al. 25, in an open-label prospective pediatric study, found 
that a single intravenous bolus of dexmedetomidine, 0.5 µg.
kg-1 over 3-5 min, was effective in the treatment of postanes-
thesia shivering 9,25.

Organ protective effects

Myocardial ischemia and cardioprotection

The perioperative period is characterized by increased sym-
pathetic activity, leading to stress-induced tachycardia and 
hypertension. By attenuating sympathetically mediated hyper-
dynamic responses, α-2 adrenoceptor agonists ameliorate 
the hemodynamic profile during the perioperative period. Pre-
vious studies have shown that hemodynamic stabilization by 
the application of α-2 adrenoceptor agonists in the periope-
rative period leads to a reduction in perioperative myocardial 
ischemia episodes 26.

However, theoretical considerations against the use of α-2 
adrenoceptor agonists have been the vasoconstrictive and 
hypotensive properties, which are potentially proischemic 10. 
Laboratory investigations showed that large intravenous do-
ses of dexmedetomidine caused moderate regional coronary 
vasoconstriction without metabolic signs of myocardial ische-
mia in young domestic pigs at the same time as a marked 
vasoconstrictive response in the systemic circulation 27. At 
present, a reduction in myocardial ischemia and improved 
outcomes for patients at risk of cardiac events has only been 
documented for clonidine as a clinically available α-2 adreno-
ceptor agonist. The only available data for dexmedetomidine 
showed that perioperative infusion appeared to benefit the 
perioperative hemodynamic management of surgical patients 
undergoing vascular surgery 28. Future studies will have to be 
focused on whether dexmedetomidine provides similar pro-
perties in reducing the incidence of myocardial ischemia and 
postoperative mortality compared with clonidine.

Neuroprotection

Dexmedetomidine possesses neuroprotective properties in 
various experimental models of cerebral ischemia, and at-
tenuated hypoxic-ischemic brain injury in developing brains, 
highly susceptible to neuronal damage 29. Moreover, a signi-
ficant improvement in functional neurological outcomes after 
brain injury was demonstrated 29. The exact mechanisms of 
neuroprotection are not clear, but catecholamine pathways 
play an important role. α-2 adrenoceptors modulate neuro-
transmitter release in the central and peripheral sympathetic 
nervous system, thus offering a possible explanation for the 
neuroprotective properties of dexmedetomidine. 

Renoprotection

The effects of dexmedetomidine on renal function are com-
plex. α-2 agonists exert a diuretic effect by inhibiting the an-
tidiuretic action of vasopressin (AVP) at the collecting duct, 

RBA - 62-01 - 14 - 812.indd   121RBA - 62-01 - 14 - 812.indd   121 1/9/2012   10:56:18 AM1/9/2012   10:56:18 AM



AFONSO, REIS

122 Revista Brasileira de Anestesiologia
 Vol. 62, No 1, January-February, 2012

most likely through α-2a receptors, resulting in decreased 
expression of aquaporin-2 receptors and decreased salt and 
water reabsorption 30. They also enhance osmolal clearance 
through non-AVP-dependent pathways, possibly mediated by 
the α-2b receptor. There is experimental evidence that dex-
medetomidine attenuates murine radiocontrast nephropathy 
by preserving cortical blood flow 31. This mechanism is sup-
ported by the observation that dexmedetomidine decreases 
the renal cortical release of norepinephrine. There is also evi-
dence that it attenuates murine ischemia-reperfusion injury. 
However, prospective human studies establishing a benefit 
are not yet available. 

TOXICOLOGY AND SIDE-EFFECTS

The teratogenic effects of dexmedetomidine have not been 
adequately studied at this time, but the drug does cross the 
placenta and should be used during pregnancy only if the be-
nefits justify the risk to the fetus. No studies have been per-
formed in children 4. As expected from the pharmacological 
profile, bradycardia and hypotension are the most common 
side-effects of dexmedetomidine 28. However, with the use of 
high concentrations there is also a potential for both pulmo-
nary and systemic hypertension and direct or reflex bradycar-
dia 19,32.

The incidence of postoperative bradycardia has been re-
ported to be as high as 40% in healthy patients. These tempo-
rary effects have been managed with atropine, ephedrine, and 
volume infusion. Caution should be taken in those clinical si-
tuations where the sympatholytic actions of α-2 receptor ago-
nists prove detrimental, such as in patients with left ventricular 
dysfunction and when administered to patients who are volu-
me depleted, vasoconstricted, or have severe heart block 8. 
Recently, severe bradycardia leading to cardiac arrest has 
been reported with the use of dexmedetomidine 33,34. A closer 
look at these reports reveals several contributing factors that 
may have interacted, finally resulting in asystole. However, 
even if dexmedetomidine can probably not be held accounta-
ble as the only causative mechanism of these cardiac arrests, 
such case reports are important. They emphasize potentially 
deleterious effects that have significant implications for the 
safe use of these drugs in the critically ill, when multiple fac-
tors with negative chronotropic influences convene in a clini-
cal setting, and underline the importance of adequate patient 
selection for the safe use of dexmedetomidine.

In summary, the adverse effects of dexmedetomidine in-
clude initial hypertension, hypotension, nausea, bradycardia, 
atrial fibrillation, and hypoxia 19,35. Overdose may cause first-
degree or second-degree atrioventricular block. Most of the 
adverse events associated with dexmedetomidine use occur 
during or shortly after loading dose.

CLINICAL APPLICATIONS

Anesthesia

Dexmedetomidine has been used as an adjunct to general 
anesthesia. When administered as a premedication at a dose 

range of 0.33-0.67 µg.kg-1, given 15 min before surgery, it 
appears to be efficacious, while minimizing the cardiovascular 
side effects of hypotension and bradycardia. Within this dosa-
ge range, it reduces thiopental requirements (by around 30%) 
for short procedures and reduces the requirements of volatile 
anesthetics (by around 25%). Several prospective, randomi-
zed, pediatric studies have successfully documented the use 
of dexmedetomidine in preventing emergence delirium after 
general anesthesia and two adult studies have shown its effi-
cacy in controlling delirium in the intensive care unit 36,37.

Neurosurgery

Some neurosurgical procedures have evolved toward mini-
mally invasive, functional procedures including endoscopies, 
small-size craniotomies, stereotactic interventions, and intrao-
perative imaging 38,39. Many neurosurgical procedures also re-
quire intraoperative active patient participation, including as-
sessment of responses following initial deep brain stimulation 
for treatment of Parkinson’s disease, electrode implantation, 
surgical management of epilepsy, and surgery near Broca’s 
and Wernicke’s speech areas 40. Usually the anesthetic plan 
includes a deep stage of anesthesia during the highly stimu-
lating craniotomy, and then awakens the patient in order to 
allow for neurocognitive testing. If the traditional method of 
general anesthesia with endotracheal intubation is followed, 
the patient will need to be extubated in order to allow speech 
and communication assessments, which is problematic for the 
anesthesiologist. Extubation can cause patients to reproduce 
valsalva manouver, which can increase intracranial pressu-
re. Dexmedetomidine is a valuable aid in this situation as it 
can provide sedation during this phase of the awake cranio-
tomy 41: patients stay easily arousable with dexmedetomidine 
infusions.

Cardiac surgery

Several studies have shown that dexmedetomidine is a useful 
adjunct to cardiac anesthesia 17,42. An infusion of dexmede-
tomidine at 0.4 µg.kg-1 per hour during the procedure that is 
reduced to 0.2 mg.kg-1 per hour in the ICU appears to redu-
ce the time to extubation and decrease the length of stay in 
the ICU 17. A 2003 metanalysis of 23 trials comprising 3395 
patients concluded that the use of α-2 adrenergic agonists 
reduced mortality and myocardial infarction following vascular 
surgery and that during cardiac surgery, a reduction in ische-
mia was observed that may also have effects on myocardial 
infarction and mortality 43. Dexmedetomidine can be succes-
sfully used to manage patients with pulmonary hypertension 
undergoing mitral valve replacement. In these cases, dexme-
detomidine decreased fentanyl requirements, attenuated the 
increase in systemic vascular resistance index and pulmonary 
vascular resistance index at the poststernotomy period, and 
decreased mean arterial pressure, mean pulmonary arterial 
pressure, and pulmonary capillary wedge pressure, in compa-
rison with the values in the placebo group 44.
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Bariatric surgery

The rising incidence of obesity is increasing the need for ba-
riatric surgery. Laparoscopic Roux-en-Y gastric bypass sur-
gery, an effective surgical treatment of massive obesity, is 
one of the fastest growing surgical procedures in the United 
States 45. Respiratory associate morbidities in morbid obesity 
may profoundly impact the anesthetic management of these 
patients. The ideal anesthetic would produce minimal respi-
ratory depression while offering adequate pain relief. Dexme-
detomidine has been used in general anesthesia to decrease 
opioid use and thereby decrease the incidence of respiratory 
depression. In one surgical center, over 2,000 bariatric pro-
cedures have been performed using perioperative infusion of 
dexmedetomidine, which has been shown to be cardioprotec-
tive and neuroprotective, while providing a hemodynamically 
stable course and reducing the need for opioids and volatile 
agents 46. When compared with fentanyl, dexmedetomidine 
appeared to provide better postoperative analgesia and atte-
nuated blood pressure changes 47. In one case reporting the 
use of dexmedetomidine in a patient weighing 433 kg with 
obstructive sleep apnea and severe pulmonary hypertension, 
the authors chose to avoid opioids until required in the posto-
perative period 48. The dexmedetomidine infusion was started 
preoperatively and continued through the first postoperative 
day. A significant reduction in the morphine dose requirements 
was observed on the first postoperative day when compared 
with the second postoperative day 48. Dexmedetomidine can 
significantly attenuate postoperative pain and reduce opioid 
requirements, while not appearing to cause respiratory de-
pression even in morbidly obese patients 48.

Awake fiber-optic intubation

Awake fiber-optic intubation in patients with a difficult airway is 
known to cause discomfort. This issue is problematic, as the 
anesthesiologist desires to maintain a patent airway with spon-
taneous ventilations to avoid the complications of respiratory 
depression and pulmonary aspiration. However, the patient 
must be sufficiently comfortable during the procedure. Many 
medications have been described to facilitate this process, in-
cluding benzodiazepines, local anesthetic infusion, and opioid 
agonists. Dexmedetomidine provides an ideal solution to this 
problem in addition to creating a dry field for the anesthesio-
logist, as it is an antisialogouge 16. In a recent investigation 
of seven patients who underwent intravenous sedation with 
dexmedetomidine and oropharyngeal topical anesthetic, no 
patient had saturation changes, all patients had successful 
fiber-optic intubation and no patients had any endtidal carbon 
dioxideevidence of respiratory depression 49.

Sedation/analgesia in the intensive care unit (ICU)

The importance of patient orientation and rousability is well 
established in ICU care 50. Dexmedetomidine is well suited for 
use in the intensive care environment, allowing sedated pa-

tients to be quickly aroused and oriented upon demand 51. In-
terestingly, this agent does not require discontinuation prior to 
weaning from mechanical ventilation 16. Ongoing sedation can 
be maintained with the use of dexmedetomidine during and 
following extubation. As dexmedetomidine has the ability to 
potentiate opioids and other sedatives, this attribute suggests 
that these drugs can be administered in smaller doses 16,52. To 
date, dexmedetomidine is approved by the FDA for sedation 
in initially intubated patients for a period of 24h 16. This time 
limitation is probably due to lack of data concerning adverse 
events for its use for more than 24h.

In several studies dexmedetomidine has demonstrated ad-
vantages over propofol for sedation in mechanically ventilated 
postoperative adult patients. When both drugs were titrated to 
equal sedation, as assessed by the BIS index (approximately 
50) and Ramsey sedation score (5), dexmedetomidine requi-
red significantly less alfentanil (2.5 vs 0.8 mg.h-1). The time 
to extubation after discontinuation of the infusion was similar 
in both groups. Patients receiving dexmedetomidine appea-
red to have greater recall of their stay in the ICU, but all des-
cribed it as pleasant overall 53,54. Several other studies have 
confirmed the decreased requirement for opioids (over 50%) 
when dexmedetomidine is used for sedation versus propofol 
or benzodiazepines. Most studies also describe more stable 
hemodynamics during weaning from mechanical ventilation, 
when dexmedetomidine is used for sedation. This finding is of 
obvious benefit in patients at high risk of myocardial ischemia. 
One recent important double-blind study, the MENDS (Maxi-
mizing Efficacy of Targeted Sedation and Reducing Neurolo-
gical Dysfunction) study by Pandharipande et al. 37, compa-
red the use of dexmedetomidine vs lorazepam in 106 adult 
mechanically ventilated medical and surgical ICU patients 37. 
This study demonstrated that the use of dexmedetomidine in-
fusion resulted in more days alive without delirium or coma 
and more time at the targeted level of sedation than with a lo-
razepam. It also demonstrated that dexmedetomidine-treated 
patients had a tendency towards lower incidence of postope-
rative mortality, 17 versus 27% (p = 0.18) and mortality at 1 
year, 363 versus 188 days (p = 0.48).

In the pediatric population, one prospective and several 
retrospective studies have evaluated its usefulness in the in-
tensive care unit 55. Tobias et al. 56, in a prospective, rando-
mized trial, found that dexmedetomidine at a dose of 0.5 µg.
kg-1.h-1 provided more effective sedation than midazolam at 
0.22 mg.kg-1.h-1 56. This was demonstrated by the need for 
fewer bolus doses of morphine, a decrease in the 24h requi-
rements for supplemental morphine, as well as a decrease in 
the total number of assessment points with a Ramsey sedation 
score of 1 (inadequate sedation) and the number of patients 
who had a Ramsey score of 1. Chrysostomou et al. 57, in a 
retrospective study of 38 spontaneously breathing and mecha-
nically ventilated children undergoing cardiothoracic surgery, 
found that dexmedetomidine provided adequate sedation 93% 
of the time and adequate analgesia 83% of the time. Side 
effects included hypotension (15%) and transient bradycardia 
in one patient 57. Walker et al. 58 used dexmedetomidine in 65 
burn patients who failed to be adequately sedated with opioi-
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ds or benzodiazepines 58. Dexmedetomidine was used as an 
adjunct and not as a replacement agent. The average duration 
of the infusion was 11 days (2-50), with an average dose of 
0.5 µg.kg-1.h-1 (0.1-2 µg.kg-1.h-1). All patients were reported to 
be successfully sedated after dexmedetomidine was started.

OTHER CLINICAL USES

Pediatric procedural sedation

Several reports are now available of dexmedetomidine for 
both noninvasive and invasive procedural sedation in infants 
and children. It has been successfully used for diagnostic ra-
diologic procedures, like MRI and CT scans, and for invasive 
procedures, like placement of central venous lines in infants, 
bronchoscopy and laryngoscopy, cardiac catheterization and 
others 59,60. Dexmedetomidine has been also used to provide 
sedation in the postanesthesia care unit following sevoflurane 
anesthesia to decrease the incidence of agitation in the pedia-
tric population, and to allow intubation in a sedated pediatric 
patient. Awake craniotomies have been performed on pedia-
tric patients using dexmedetomidine 61.

An interesting future for dexmedetomidine is oral or nasal 
dexmedetomidine administration for pediatric sedation as oral 
absorption of dexmedetomidine is 82% when compared with 
intravenous administration 62. Nasal dexmedetomidine ad-
ministration has also been shown to be a well tolerated and 
effective route for sedation in adults 63, and has also been 
shown to be comparable with oral midazolam to decrease 
preoperative agitation 64.

Treatment of withdrawal

Prospective studies are lacking regarding the use of dexmede-
tomidine in treating withdrawal symptoms from either opioids 
or benzodiazepines. Nevertheless, a few retrospective case 
reports and series support its potential use 65,66, ameliorating 
the hemodynamic effects during withdrawal from illicit drugs 
and long-term sedation in the ICU. The two largest series are 
by Tobias 65 (7 patients) and Baddigam et al. 66 (3 patients). 
The infusion dose was in the range 0.25-0.7 µg.kg-1.h-1 and 
the duration of treatment was ≤ 3 days.

Perioperative and off-label use

Some innovative applications using the advantages of dex-
medetomidine include administration as a total intravenous 
anesthetic (partly supplemented with local anesthesia) in 

patients with potential airway management problems 67. De-
xmedetomidine was administered until general anesthesia 
was achieved in doses up to 10 mg.kg-1 per hour without he-
modynamic compromise. No suppression of respiratory drive 
was observed, but one of three patients needed a chin lift and 
obstructive apnea might be a problem in predisposed deeply 
sedated patients. However, it is likely that the use of dexme-
detomidine as a sole agent to induce an anesthetic state will 
be reserved for special clinical situations, and its use as an 
adjunct to anesthesia in the perioperative period will probably 
be more common.

Regional anesthesia, with dexmedetomidine used for mo-
derate sedation and enhanced analgesic effect providing he-
modynamic and respiratory stability, allowed ready interaction 
and arousal to facilitate the neurological evaluation of patients 
undergoing awake craniotomy 68 and awake carotid endarte-
rectomy 69. However, the effects of dexmedetomidine on ce-
rebrovascular blood flow in this patient population need to be 
studied more thoroughly. In a recent preliminary, retrospective 
pediatric case series study, Chrysostomou et al. 70, found that 
dexmedetomidine was effective in controlling supraventricular 
and junctional tachyarrhythmias 70.

CONCLUSIONS

Dexmedetomidine is a potent, highly selective α-2 adrenocep-
tor agonist, with sedative, analgesic, anxiolytic, sympatholytic, 
and opioid-sparing properties. It provides a unique type of se-
dation, “conscious sedation”, in which patients appear to be 
sleepy but are easily aroused, cooperative and communicati-
ve when stimulated. It has a quick onset and a relatively short 
duration of action, characteristics that render dexmedetomi-
dine suitable for a critical care unit, for postoperative cardiac 
and noncardiac patients, and for invasive and noninvasive 
procedures, because it can be easily titrated. Short-term se-
dation has been shown to be safe in some studies, although 
hypotension and bradycardia are the most significant side 
effects. Furthermore, it appears to have minimal respiratory 
depression and, thus, it can be used safely in both mechani-
cally ventilated and spontaneously breathing patients. These 
properties make dexmedetomidine a useful agent in the cur-
rent era of early extubation and fast track of postoperative car-
diac patients. Overall, dexmedetomidine has a unique cons-
tellation of properties that make it an attractive agent for both 
anesthesiologists and critical care physicians. It is an excellent 
sedative and analgesic agent, with opioid-sparing properties 
and minimal respiratory depression; does not decrease gut 
motility; prevents postoperative nausea, vomiting and shive-
ring; and, at the same time, offers potential benefit towards 
neuroprotection, cardioprotection and renoprotection.
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