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Abstract

� Dexmedetomidine is a potent α2-adrenoceptor ag-
onist with 8 times higher affinity for the α2-
adrenoceptor than clonidine.

� Dexmedetomidine has shown sedative, analgesic
and anxiolytic effects after intravenous adminis-
tration to healthy volunteers or postsurgical pa-
tients in the intensive care unit.

� Dexmedetomidine produced a predictable haemo-
dynamic decline (dose-dependently decreased ar-
terial blood pressure and heart rate) in postsurgical
patients coinciding with reductions in plasma cat-
echolamines.

� In phase III clinical trials, dexmedetomidine 0.2 to
0.7 µg/kg/h produced clinically effective sedation
and significantly reduced the analgesic require-
ments of postsurgical ventilated intensive care unit
patients. There was no clinically apparent respira-
tory depression after cessation of assisted ventila-
tion.

� Dexmedetomidine produced rapid and stable se-
dation in postsurgical ventilated patients while
maintaining a high degree of patient rousability
and anxiety reduction.

� Dexmedetomidine was well tolerated in phase III
studies. The most frequently observed adverse
events were hypotension, bradycardia and nausea.
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Features and properties of dexmedetomidine
(MVP-1440)

Indication

Sedation for patients in the intensive care unit

Mechanism of action

α2-Adrenoceptor agonist

Dosage and administration

Usual dosage in clinical trials 1.0 µg/kg for 10 min then 0.2 to
0.7 µg/kg/h

Route of administration Intravenous infusion

Pharmacokinetic profile (target plasma concentration
0.6 µg/L)

Area under the plasma
concentration-time curve

5.1 µg/L • h

Volume of distribution at
steady-state

1.33 L/kg

Clearance 0.495 L/h • kg

Distribution half-life
Elimination half-life

6 min
2 h

Route of elimination 95% renal (excreted as methyl
and glucuronide conjugates)

Adverse events

Most frequent Hypotension nausea and
bradycardia



The intensive care unit (ICU) is a stressful environ-
ment in which postsurgical mechanically venti-
lated patients with life-threatening concerns often
experience anxiety, pain and sleep deprivation.[1]

The primary goals in the treatment of patient com-
fort are to achieve sedation (while maintaining
rousability and cooperation), analgesia and an-
xiolysis with minimal haemodynamic and respira-
tory effects.

Current treatments of choice in the ICU include
a selection from sedatives (e.g. propofol, midazo-
lam) and analgesics (e.g. morphine), as no single
agent is suitable for each individual’s needs. These
therapies are associated with limitations including
respiratory depression, lack of orientation, severe
hypotension and gastrointestinal hypomotility.
Numerous studies have highlighted the desirable
properties of α2-adrenergic agonists for sedation in
ICU patients. α2-Adrenergic agonists produce sed-
ative, analgesic and anxiolytic effects along with
haemodynamic stabilisation through α2-adreno-
ceptor activity in the central nervous system
(CNS).[2] Clonidine, the prototypical α2-adrener-
gic agonist (partial) has been shown to reduce an-
aesthetic requirements during surgery.[3,4]

1. Pharmacodynamic Profile

Mechanism of Action

• Dexmedetomidine, an imidazole compound, is the
pharmacologically active dextroisomer of medetom-
idine,[5] which displays specific and selective α2-
adrenoceptor agonism. Dexmedetomidine is 8
times more specific for α2-adrenoceptors than
clonidine.[6] The actions of dexmedetomidine are
suggested to be mediated through postsynaptic α2-
adrenoceptors which activate pertussis toxin-sensi-
tive G proteins,[7] thereby increasing conductance
through potassium ion channels. Studies in trans-

genic mice have demonstrated that the α2A-adreno-
ceptor subtype is responsible for relaying the sedative
and analgesic properties of dexmedetomidine.[8]

Sedative Effects in Volunteers

• In a phase I, placebo-controlled study, a dose-
dependent increase in sedation was seen with a 24-
hour maintenance infusion of dexmedetomidine
(target plasma concentrations of 0.3, 0.6 and 1.25
µg/L) in 24 healthy individuals.[9] Sedation was as-
sessed using standard sedation scoring scales: the
Visual Analogue Scale for Sedation, Ramsay Se-
dation Score and the Critical Flicker Fusion (CFF)
threshold. Target dexmedetomidine concentra-
tions of 0.6 and 1.25 µg/L induced a deeper level
and longer duration of sedation than 0.3 µg/L and
placebo and produced sedation more rapidly than
with 0.3 µg/L (15 and 20 vs 33 minutes). The CFF
results were similar between groups, indicating
dexmedetomidine-treated individuals were easily
roused and cooperative despite having achieved
clinically effective sedation, which is unique com-
pared with currently available sedatives.

• The sedative effect of dexmedetomidine was not
altered by concurrent administration of esmolol (β-
adrenoceptor blocker).[10] Healthy volunteers (n =
36) randomly received a 60-minute infusion of pla-
cebo or dexmedetomidine (target plasma concen-
trations 0.3 or 0.6 µg/L) plus esmolol 100
µg/kg/min at 30 minutes. No clinically significant
effects were seen during combined treatment with
esmolol and dexmedetomidine compared with es-
molol plus placebo administration.[10]

Haemodynamic and Respiratory Effects

• Consistent with the pharmacological effect of
other α2-adrenoceptor agonists, dexmedetomidine
1 µg/kg administered as a 2-minute infusion to 6
healthy male volunteers caused significant maxi-
mum reductions in heart rate and blood pressure
(17 and 23%, respectively, p < 0.05 vs baseline).
The haemodynamic declines coincided with reduc-
tions in plasma levels of noradrenaline and adren-
aline.[11] In 2 phase III trials patients receiving dex-
medetomidine 0.2 to 0.7 µg/kg/h consistently had
larger mean decreases in blood pressure and heart
rate during the infusion than placebo recipients.[12]

HN

N C

H3C H
CH3

CH3

Dexmedetomidine

264 Bhana et al.

  Adis International Limited. All rights reserved. Drugs 2000 Feb; 59 (2)



Return to baseline levels was seen within 6 hours
of treatment cessation with no apparent rebound
effects.

• Dexmedetomidine 2.0 µg/kg, administered as a
2-minute infusion to 37 healthy males, produced a
slight increase in carbon dioxide partial pressure
(pCO2) and a decrease in minute ventilation with
minimal change in ventilatory frequency.[13] In this
double-blind placebo-controlled study, the pCO2

increased from 41.9 to a maximum of 46.1mm Hg
within 10 minutes (p < 0.05 vs baseline) and grad-
ually subsided thereafter. A mild decrease in min-
ute ventilation occurred after 60 minutes (8.7 to 6.3
L/min, p < 0.05).[13]

• In a phase I study, intravenous dexmedetomid-
ine did not cause respiratory depression in volun-
teers who received a 24-hour maintenance infusion
(target plasma concentrations ranging from 0.3 to
1.25 µg/L).[14] Oxygen saturation (SpO2) remained
≥90% in all individuals. Similarly, dexmedetomid-
ine and placebo recipients had SpO2 values within
the normal range in 2 phase III studies.[12] In addi-
tion, there was no statistically significant differ-
ence between the dexmedetomidine and the pla-
cebo group in respiratory rate after extubation.

Other Effects

• Intravenous infusion of dexmedetomidine (tar-
get plasma concentration 0.3 or 0.6 µg/L) reduced
the vasoconstriction threshold by up to 1.4 °C •

µg/L and the shivering threshold by up to 2.0 °C •

µg/L compared with placebo, but had no apprecia-
ble effect on the sweating threshold in 9 male vol-
unteers.[15] In this randomised, double-blind,
crossover study, dexmedetomidine linearly de-
creased the concentration-response curves for both
vasoconstriction and shivering.

• In a double-blind, placebo-controlled trial, the
anaesthetic requirements of dexmedetomidine-
treated patients undergoing surgery was signifi-
cantly reduced compared with placebo.[16] Patients
(n = 20) were randomised to receive placebo or
dexmedetomidine as a 2-stage intravenous infu-
sion (10-minute loading infusion of 1.7 µg/kg fol-
lowed by a maintenance infusion of 0.6 µg/kg/h).
Anaesthesia was induced with thiopental (4.0

mg/kg) and maintained with isoflurane in 70% ni-
trous oxide and oxygen. Dexmedetomidine re-
duced the median expired concentration of isoflur-
ane by >90% compared with placebo (p = 0.01)
during anaesthetic maintenance. In addition, dex-
medetomidine-treated patients who required sup-
plemental isoflurane had a reduced period of re-
quirement compared with placebo-recipients (4 vs
55 min, p = 0.03).

2. Pharmacokinetic Profile
• Various studies have reported an approximately
linear relationship between dexmedetomidine
dose, the plasma concentration and area under the
plasma concentration-time curve (AUC).[17,18]

Continuous infusion of dexmedetomidine (for 4
hours) to maintain target plasma concentrations of
0.3 or 0.6 µg/L resulted in AUC values of 2.4 and
5.1 µg/L • h, respectively in 9 volunteers.[18]

• Pharmacokinetic variables were obtained from
a phase I, multiple dose study in which dex-
medetomidine (target plasma concentrations of 0.3
and 0.6 µg/L) was administered intravenously to 9
individuals.[18] Data obtained after administration
of the higher dose, gave the half-life (t1⁄2) for the
distribution (α) and elimination (β) phases as 9
minutes and 2 hours, respectively. Total body
clearance (CL) was 0.495 L/h • kg, and the volume
of distribution at steady state (Vss) was 1.33 L/kg.
No dose-dependent effect on the t1⁄2, CL or Vss was
observed.[18] Dexmedetomidine plasma concentra-
tions for both doses decreased to pretreatment lev-
els within 10 hours of infusion cessation. Values
of 6 minutes and 2 hours are cited for t1⁄2α and t1⁄2β
in the dexmedetomidine prescribing informa-
tion.[19]

• Dexmedetomidine is markedly protein bound
(94%) to serum albumin and α1-glycoprotein.[20] Af-
ter extensive metabolism in the liver dexmede-
tomidine is eliminated as methyl and glucuronide
conjugates, mainly (95%) via renal excretion.[20]

• The pharmacokinetics of dexmedetomidine (0.6
µg/kg infused over a 10-minute period) were mark-
edly affected by hepatic insufficiency.[21] Patients
with severe hepatic failure (n = 5) given dex-
medetomidine showed significantly increased Vss
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(3.2 vs 2.2 L/kg) and t1⁄2β (7.5 vs 2.6 hours) and
decreased CL (0.32 vs 0.64 L/h/kg) compared with
5 age-matched controls (all p < 0.05).[21]

• Dexmedetomidine has been reported to inhibit
cytochrome P450 enzyme systems in vitro.[22] Dex-
medetomidine (0.002 to 0.8 µg/L) inhibited CYP2D6-
dependent dextromethorphan O-demethylase (DEX-
TROase) activity in human liver microsomes.
However, dexmedetomidine displayed reversible
mixed (competitive/noncompetitive) inhibitor ac-
tivity in this system and was less potent than quin-
idine, a clinically relevant standard CYP2D6 in-
hibitor (concentration of drug required for 50%
inhibition, IC50 = 1.8 vs 0.22 µmol/L). Thus there
appears to be little potential for dexmedetomidine
to interact with other drugs which are metabolised
by cytochrome P450 enzymes.

3. Therapeutic Trials
Two randomised, double-blind, placebo-control-

led, multicentre, phase III studies[23,24] have assessed
the efficacy of dexmedetomidine in postsurgical
patients requiring mechanical ventilation and seda-
tion in the ICU. In both studies, the drug was ad-
ministered as a 2-stage intravenous infusion (10-
minute loading infusion of 1 µg/kg followed by an
infusion of 0.2 to 0.7 µg/kg/h to maintain a Ramsay
sedation score of ≥3 during mechanical ventilation
and ≥2 post-extubation). Treatment commenced
within 1 hour of admission to the ICU and contin-
ued for at least 6 hours after extubation (maximum
infusion period of 24 hours). Additional sedative
(midazolam or propofol) and analgesic (morphine)
agents were added as required and the primary out-
come measure for the sedative and analgesic efficacy
of dexmedetomidine was patient requirement for these
additional medications. Results for the French arm of
both these studies were also presented separately.[25]

Sedative Effects

• Dexmedetomidine provided clinically effective
sedation in both phase III studies. Dexmedetomid-
ine significantly reduced rescue sedation (mid-
azolam[23] or propofol[24]) requirements compared
with placebo in patients requiring postsurgical ven-
tilation and sedation. In one study in 401 patients,

the majority of dexmedetomidine recipients (60%)
required no rescue sedation whereas the majority
of placebo recipients (60%) required >50mg of
propofol.[26] Small amounts of propofol (<50mg)
were required by an additional 21% of dexmede-
tomidine recipients and 15% of placebo recipi-
ents.[19] Propofol requirements throughout the
study period were 7-fold lower in the dexmede-
tomidine than in the placebo group (72 vs 513mg,
p < 0.0001). In the other study involving 353 pa-
tients, most dexmedetomidine recipients (61%) re-
ceived no rescue sedation; in contrast the majority
of placebo recipients (56%) required >4mg of mid-
azolam. An additional 20% of dexmedetomidine
recipients and 19% of placebo recipients required
only small doses of midazolam (<4mg).[19] The to-
tal dose of midazolam needed during intubation
was about 4-fold lower with dexmedetomidine
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Fig. 1. Sedative efficacy of dexmedetomidine (DEX) in postsurgi-

cal mechanically ventilated patients in the ICU. In randomised,

double-blind placebo-controlled studies,[25,26] IV dexmedetomid-

ine (1 µg/kg for 10 min then 0.2 to 0.7 µg/kg/h to maintain a Ramsay

sedation score of ≥3) was started within 1 hour of admission and

continued for ≥6 hours after extubation. Rescue sedation was pro-

vided by midazolam 0.02 mg/kg IV[25] or propofol 0.2 mg/kg

IV.[25,26] A total of 401 patients were evaluated in the study that

used propofol.[26] Results from 77 patients from the French arm of

this study and 48 patients from the French arm of the study using

midazolam are also presented.[25] ICU = intensive care unit; IV =

intravenous; * p < 0.001 vs placebo.
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than with placebo (4.83 vs 18.61mg, p = 0.001).[23]

Results from the French arm of both multicentre
studies also showed that significantly fewer dex-
medetomidine than placebo recipients needed mid-
azolam or propofol to maintain a Ramsay score of
≥3 during the period of ventilation, and of ≥2 there-
after (fig. 1).[25] These findings are supported by
those from the entire propofol study population,
although differences were not significant (fig. 1).

Analgesic Effects

• Dexmedetomidine also significantly reduced res-
cue analgesic (morphine) requirements compared
with placebo in postsurgical patients requiring me-
chanical ventilation and sedation in the ICU.[23,24]

Dexmedetomidine-treated patients required al-
most 50% less morphine for pain during each study
than did placebo recipients (fig. 2), and approxi-
mately 43% required no morphine compared with
approximately 17% for placebo.[27]

In both studies, dexmedetomidine recipients re-
quired less morphine for pain during study drug
administration, during the first 6.5 hours of study
drug administration and from 6.5 hours after study
initiation to the end of the study drug administration.

Anxiolytic Effects

• Dexmedetomidine-treated patients experienced
less anxiety and were easier to manage than pla-
cebo recipients in the 2 phase III studies.[23,24] The
percentage of dexmedetomidine-treated patients
with a Ramsay score of 1 (patients were anxious,
agitated or restless) was significantly less than that
seen with placebo (p < 0.0001.[23,24] In addition,
dexmedetomidine significantly reduced the Patient
Management Index compared with placebo in both
studies (p < 0.05,[28] p < 0.001[29]).

4. Tolerability

• According to preliminary results from a phase
III study (n = 401)[30] the most common treatment-
related adverse events associated with dexmede-
tomidine (mean dose and duration of infusion: 7.1
µg/kg, 15 hours) were hypotension, hypertension,
nausea, bradycardia and dry mouth (fig. 3).

Placebo recipients showed a reduced incidence
of most of these events, except hypertension, com-
pared with the dexmedetomidine recipients.
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Fig. 2. Analgesic efficacy of dexmedetomidine (DEX) in postsurgi-

cal mechanically ventilated patients in the ICU. In 2 separate

randomised, double-blind, placebo-controlled studies involving

754 patients,[23,24] IV DEX (1 µg/kg for 10 min then 0.2 to 0.7

µg/kg/h to maintain a Ramsay sedation score of ≥3) was started

within 1 hour of admission and continued for ≥6 hours after extuba-

tion. The mean IV dose of morphine received for pain during each

study period is shown. ICU = intensive care unit; IV = intravenous;

* p < 0.0001 vs placebo.
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Fig. 3. Tolerability profile of dexmedetomidine (DEX) in postsurgi-

cal mechanically ventilated patients in the ICU. In a randomised,

double-blind, placebo controlled study involving 401 patients, DEX

was administered intravenously (mean dose: 7.1 µg/kg) to main-

tain a Ramsay sedation score of ≥3, within 1 hour of admission to

ICU and for at least 6 hours after extubation.[30] ICU = intensive

care unit.
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• In contrast to the above results, tolerability data
from patients (n = 353) in another phase III study who
received dexmedetomidine (mean dose and dura-
tion of infusion: 7 µg/kg, 16 to 17 hours) or placebo
revealed a markedly higher incidence of hyperten-
sion in the dexmedetomidine (22%) than in the pla-
cebo (12%) group.[30] However, the hypertension
was generally mild to moderate in severity and eas-
ily resolved. The incidence of hypotension and nau-
sea among the dexmedetomidine and placebo re-
cipients was similar between the two studies.

5. Dexmedetomidine: Current Status
Dexmedetomidine is an α2-adrenoceptor agonist

that has been approved in the US for use as a sedative
for patients in the ICU. It has shown clinical efficacy
in providing sedation and analgesia in postsurgical
initially intubated and mechanically ventilated patients
in an intensive care setting and is well tolerated.
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