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Abstract Objective: To assess the
potential of dexmedetomidine for
targeted sedation in complex Inten-
sive Care (ICU) patients for >24 h.
Design: Prospective, open label,
clinical trial. Setting: Tertiary general
ICU. Patients: Twenty critically ill
patients, mean APACHE II 23(€9).
Interventions: A continuous infusion
of dexmedetomidine, median infu-
sion time 71.5 (35–168) h, starting at
0.4mg·kg·h without a loading dose
and adjusted (0.2–0.7mg·kg·h) to a
target Ramsay Sedation Score (RSS)
of 2–4. Rescue midazolam and/or
morphine/fentanyl were given as
clinically indicated. Measurements
and results: Haemodynamic parame-
ters and RSSs were collected until
24 h after cessation. An RSS 2–5 was
achieved in 1,147 (83%) of observa-
tions with a reduction in RSS of 6
from 13% in the first 6 h to 3% be-
tween 18 h and 24 h. Sixteen patients
needed minimal or no additional mi-
dazolam, median 4 mg/day (0.5–10)

and ten required minimal or no ad-
ditional analgesia, median 2 mg/day
(0.5–4.5), 55mg/day (14–63) of mor-
phine/fentanyl. Results: A 16% re-
duction in mean systolic blood pres-
sure (SBP) and 21% reduction in
heart rate (HR) occurred over the first
4 h followed by minimal (€ 10%)
changes throughout the infusion. A
rise in SBP was observed in two
patients. After abrupt cessation,
SBP and HR monitored for 24 h
rose by 7% and 11%, respectively.
Conclusions: Dexmedetomidine was
an effective sedative and analgesic
sparing drug in critically ill patients
when used without a loading dose for
longer than 24 h with predictable falls
in blood pressure and HR. There was
no evidence of cardiovascular re-
bound 24 h after abrupt cessation of
infusion.

Keywords Dexmedetomidine ·
Sedatives · Intensive care unit ·
Analgesics

Introduction

Providing appropriate long-term sedation in mechanically
ventilated critically ill patients is a challenging problem
that faces many intensivists. Drugs that are used currently
have known addictive and cumulative potentials. Although
unquantified in the intensive care setting, the risk of
dependence, emergence delirium, withdrawal phenomena,
and drug accumulation is substantial. Current sedation
practices have been associated with prolonged mechanical
ventilation and increased ICU length of stay [1].

Dexmedetomidine, a highly selective a-2-receptor ago-
nist, has been recently introduced for sedation in the ICU
setting. It combines analgesic, sedative, and anxiolytic
effects while maintaining patient rousability without sig-
nificant respiratory depression [2]. The lack of addictive
properties and withdrawal phenomena of a-2-receptor
agonist makes longer-term sedation with dexmedetomi-
dine attractive and may facilitate weaning from mechan-
ical ventilation. There have been several studies de-
scribing its successful use in mechanically ventilated
postoperative patients for short-term use (24 h) in the ICU
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setting [3, 4, 5, 6, 7]. More recently, dexmedetomidine
use has been described in mechanically ventilated criti-
cally ill medical patients for up to 48 h [8]. It is approved
in many countries for up to 24-h use in post-operative
patients requiring mechanical ventilation.

To further investigate the potential role of dexme-
detomidine as a longer-term sedative agent in intensive
care, we studied the sedative and cardiovascular effects of
a prolonged infusion of dexmedetomidine (up to 7 days)
titrated to a target Ramsay Sedation Score (RSS), under
conditions typical of our clinical practice, in 20 critically
ill medical and surgical patients requiring mechanical
ventilation.

Materials and methods

Patients

The South East Sydney Area Health Service Ethics Committee and
the Australian Therapeutic Goods & Administration approved this
study. Written informed consent was obtained for all patients from
the person responsible for use longer than 24 h. The Ethics Com-
mittee did not require retrospective consent. Patients were enrolled
if they met the following criteria: age over 18 years; mechanically
ventilated, likely to require more than 24 h of intensive care with
concomitant analgesia and/or sedation; and consent of the respon-
sible physician. Exclusion criteria were: use of neuromuscular
blocking agents during the study drug infusion period other than for
the insertion of an endotracheal tube; known or suspected serious
allergy to any medication that might be administered during the
course of this study; current treatment with alpha-2-antagonist or
agonist; participation in a trial with any other experimental drug
within 30 days prior to admission to ICU; pregnancy or lactation;
spinal or epidural catheter in use; or failure to obtain consent. Apart
from the study drug, all other management was according to unit
protocols.

Study drug

Dexmedetomidine HCl (Abbott Australasia) was supplied in a 2-ml
ampoule containing 100mg/ml in sodium chloride solution. The
drug was diluted with normal saline to a body mass corrected
concentration, whereby 1 ml/h of infusion equal to 0.1mg·kg·h, and
was administered through a syringe pump via a central venous line.

Measurements

Physical examination, ECG, and haematological and biochemical
profiles were obtained on admission and daily whilst in the ICU.
All concurrent medications were recorded including dose, fre-
quency, and route of administration.

Haemodynamic (systolic and diastolic blood pressure, heart
rate) measurements were obtained every 15 min in the first 2 h after
commencement of dexmedetomidine and then hourly for the du-
ration of the infusion. After cessation of the infusion, haemody-
namic observations were continued for a further 24 h. A significant
decrease in systolic blood pressure (SBP) was defined as a reduc-
tion of more than 30% from baseline (i.e., immediately prior to
commencement of the infusion) and hypotension as a SBP of less
than 90 mmHg. A significant fall in heart rate (HR) was defined as
a reduction of more than 20% of baseline and severe bradycardia
was defined as a HR of less than 50 beats per minute (bpm), re-

gardless of the level of vasoactive drugs that the patient was re-
ceiving. Hypotension was treated with fluids initially and then with
vasopressors. Sedation was assessed using the RSS.

Study protocol

Eligible patients received dexmedetomidine at an initial infusion
rate of 0.4mg·kg·h for 1 h without a loading dose. The infusion rate
was then increased (maximum of 0.7mg·kg·h) or decreased (mini-
mum of 0.2mg·kg·h) every 15 min as deemed clinically necessary
by the nurse at the bedside until an RSS between 2 and 4 was
achieved. Other sedative/analgesic agents (propofol, midazolam,
morphine or fentanyl) were stopped 1 h after dexmedetomidine was
started. Nursing staff were instructed to reach the maximum infu-
sion rate of 0.7mg·kg·h before any additional sedatives or analgesia
was given, except when the patient had an RSS of 1. Administration
of rescue medication was driven by the bedside nurse who assessed
the level of sedation using the RSS. Inadequate sedation was treated
with an intravenous bolus of 1 mg of midazolam, and inadequate
analgesia was treated with an intravenous bolus of 2 mg of mor-
phine or 20mg of fentanyl. For persisting high levels of pain, a
continuous infusion was permitted. Minimal additional sedation or
analgesia was defined as the use of midazolam of less than 10 mg
per 24-h period or the use of less than 10 mg morphine (or 100mg
fentanyl) over a 24-h period, respectively. The RSS was obtained
hourly for the first 2 h then every 4 h for the duration of the
infusion, before and 10 min after any adjustment in study drug
infusion rate or the use of rescue medications. No patient received
non-steroidal anti-inflammatory drugs. The use of paracetamol was
restricted to treatment of hyperpyrexia.

Statistics

All statistical analysis was performed using StatView for Windows
(Version 5.0.1 SAS Institute, Cary, N.C., USA). A repeated-mea-
sures analysis of variance was used to assess any changes in blood
pressures and HR over time.

Results

Over a period of 6 months, 20 patients with a mean age of
61 (€15) years were enrolled. These included 11 medical
patients, two multi-trauma patients, and seven complex
surgical patients. The mean APACHE II score was 23
(€9) with a median ICU stay of 11 (4–106) days. The
median duration of infusion was 71.5 h (35 – 168). The
median duration of artificial airway was 7.7 (2.5–
105) days. Nine patients had acute renal failure, and five
required continuous veno-venous dialytic therapy. Hos-
pital mortality was similar to our unit average (six deaths,
30%). Individual patients’ characteristics including ad-
mission diagnosis, co-morbidities, and hospital outcome
are shown in Table 1.

Study drug infusion

Dexmedetomidine was started at 0.4mg·kg·h in all pa-
tients. As the other sedative/analgesic drugs were with-
drawn, there was a steady increase in the dose of study
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drug infusion with 17/20 patients achieving the maximum
allowed infusion rate of 0.7mg·kg·h within the first 36 h.

Ramsay sedation score

A total of 1,381 observations were obtained over the
duration of the infusion in the 20 patients. The target RSS
between 2 and 4 was achieved in 926 (67%) of observa-
tions. The RSS was between 2 and 5 on 1,147 (83%)
occasions. A RSS of 1 was observed in 137 (10%) oc-
casions and a score of 6 was achieved on 97 (7%) occa-
sions (Fig. 1). The observation of an RSS of 6 was re-
duced from (13%) in the first 6 h to (3%) between the 18-
h and 24-h time points. Uneventful extubation for 9 of the
14 survivors was achieved during the infusion of the study
drug which continued for a mean of 26 h post-extubation.

Additional sedation

During infusion of dexmedetomidine, 16 of the 20 pa-
tients (80%) required minimal or no additional sedation
with a median of 4 mg/day (range 0.5–10) of midazolam.
The remaining four patients required therapeutic doses of
additional sedation with a median midazolam dose of
39 mg/day (range 29 – 41). Two of the four patients had a
midazolam infusion introduced 38 h and 128 h into the
study when deeper sedation was required to facilitate me-
chanical ventilation. One patient (patient 18) had a com-
plex clinical state and continued to receive a midazolam
infusion from time zero. Medical patients required a
median midazolam dose of 6 mg/day (range 0–41) while
surgical patients required a median midazolam dose of
3 mg/day (range 0–29).

Additional analgesia

Ten patients needed no or minimal additional analgesia
with a median 2 mg/day (range 0.5–4.5) of morphine or
55mg/day (range 14–63) of fentanyl. The ten remaining
patients required therapeutic doses of additional analge-
sia with median morphine/fentanyl doses of 51 mg/day
(range 42.5–76) and 599mg/day (range 183–1,098), re-
spectively. Patients who required therapeutic doses of
narcotic infusion at the start of the study, continued to
need large doses of morphine or fentanyl. These patients
were mainly complex surgical or trauma victims. Medical
patients required a morphine (or equivalent) dose of
5.5 mg/day (range 0–110) compared to surgical patients
23 mg/day (range 0–89). Five (25%) patients who had
renal failure requiring dialysis required a median total
infusion dose over the first 24 h of 13.6mg/kg (range 11.8–
15.3) versus 9.9mg/kg (range 5.3–16.0) for the non-dial-
ysed patients. Similarly, dialysed patients required higher
doses of rescue therapy than all other patients: median
morphine equivalents per 24 h was 69 mg (range 6.3–
109.8 mg) versus 4.6 mg (range 0–89 mg), and median
midazolam dose per 24 h was 28.9 mg (range 0–41.1 mg),
versus 3.2 mg (range 0–40.2 mg) (Table 2).

Blood pressure

Mean SBP at baseline was 144 mmHg (€24). This fell to
121 mmHg (€23, 16% <baseline) within 2 h. The lowest
single SBP was reported at 12 h, (Fig. 2), after which
there was minimal change in SBP (€10%) for any patient
throughout the infusion of the study drug (Fig. 3). Patient
number 1 had chronic hypertension and developed per-
sistent hypertension requiring intravenous infusion of
antihypertensive treatments.

Heart rate

There was a gradual but significant reduction in HR over
the first 4 h (ANOVA, repeated measures: f=7.359;
P<0.0001) Mean HR was 91 bpm (€23) at baseline and
fell continuously over 12 h by 21% to 72 bpm (€14) after
which HR showed minimal changes throughout the du-
ration of the infusion.

Inotropes

Nine patients required no inotropes throughout the study
period. One patient required noradrenaline (0.03mg·kg·h
for 3 h) in addition to volume loading for hypotension
within the first 12 h. Five patients were already on nor-
adrenaline, one patient had a slight increase in norad-
renaline requirements, and four patients had a reduction in

Fig. 1 Box plot representation of the Ramsay Sedation Scores re-
ported every 6 h for the 1st 5 days. The RSS after 120 h are not
shown as the number of patients is small
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requirements. Two patients were already on dobutamine
and the dose of their infusions remained unchanged. Nor-
adrenaline/metaraminol infusion were introduced in two
patients and dobutamine in another patient after the first
12 h and continued for longer than 24 h. Overall, eight
patients needed inotropic infusions for longer than 24 h.
There were no ECG or biochemical changes consistent
with myocardial ischaemia or infarction.

Blood pressure and heart rate post-infusion

These were recorded for 24 h after abrupt cessation of
study drug and showed minimal changes (Fig. 4). A
maximum mean SBP value of 154 mmHg (€24, 7% in-
crease) from a baseline mean of 143 mmHg (€24) was
recorded 5 h after cessation. The mean baseline HR at
cessation of dexmedetomidine was 86 bpm (€17) and a
maximum mean HR of 97 bpm (€17, 11% increase) was
observed after 14 h.

Discussion

The role of dexmedetomidine for postoperative sedation
and analgesia in patients requiring mechanical ventilation
is now well-established [9]; however, most of the patients
studied have been elective surgical patients with few
comorbidities and do not represent the general intensive
care patient.

To test the value of dexmedetomidine as a longer-term
sedative in intensive care patients, we adopted a liberal
inclusion criterion. All patients who would normally re-
ceive standard sedation regardless of severity of illness or
organ dysfunction were eligible. This is reflected by the
high mean APACHE II score of 23(€9) in our group of
patients compared with group described by Venn et al.
2003 [mean APACHE II 16.5(€10)] [8]. Our methodol-
ogy and patient selection mirrored the sedation practices
of many tertiary intensive care units. There were two
primary differences between our study and other dex-
medetomidine studies; firstly, we eliminated the loading
dose; and secondly, the duration of the dexmedetomidine
infusion was much longer [mean 81(35–168) h vs 33(13–
72) h] in 12 medical ICU patients described by Venn et
al. 2003.

In Australian and New Zealand intensive care units
sedation practices are generally nurse-driven. Therefore,
and in keeping with current clinical practice, the adequacy
of sedation and consequent therapeutic intervention is
determined by the assessment of the bedside nurse. We
were restricted by the current maximum recommended
dose of dexmedetomidine (0.7mg·kg·h). Some of our pa-
tients may have benefited from a higher dose as shown by
a study with a similar patient group where doses of up to
2.5mg·kg·h were used [8].T
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Most patients had acceptable quality sedation as shown
by 83% of observed RSS recorded between 2 and 5 over
the study period. An RSS of 1 occurred randomly in 10%
of observations over the study period. Similarly, the in-
cidence of over-sedation (RSS of 6) fell from 13% to 3%
over the first 24 h. This probably represented a hangover
effect from the anaesthesia in the post-operative patients
or cumulative sedation from pre-study conventional se-
dation (see Fig. 1).

Our patients were representative of the very heterog-
enous mix of tertiary level ICU which led to a marked

variation in the need for additional sedation and/or anal-
gesia, influenced by the underlying disease process and its
progress. The overall effect on sedation and analgesia was
similar in magnitude to studies on postoperative surgical
patients with consistent effect [5]. Most patients (16/20)
needed minimal or no added sedation. High doses of
additional midazolam were required to facilitate the man-
agement of deteriorating clinical state in four patients
(two patients for ventilatory support and two for severe
sepsis). Our medical group required a higher median dose
of midazolam for rescue sedation. This was similar to the

Fig. 2 Haemodynamic parame-
ters during the first 24 h after
the start (arrow) of
dexmedetomidine. The param-
eters are shown every 15 min
during the first 2 h, then hourly.
Values are expressed as
mean€1 standard deviation

Fig. 3 Haemodynamic parame-
ters reported from 24 h until
120 h. Values are expressed as
mean€1 standard deviation

Fig. 4 Haemodynamic parame-
ters reported up to 24 h after
cessation (arrow) of the
dexmedetomidine infusion.
Values are expressed as
mean€1 standard deviation
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findings in a group of 12 medical patients who needed
either rescue with large doses of propofol or dex-
medetomidine infused up to 2.5mg·kg·h [8]. Similarly, our
surgical patients needed higher levels of added opioid
than medical patients. The need for high doses of addi-
tional narcotics was manifested within 12 h and continued
throughout the infusion. This was particularly true for the
ten patients who required high doses of additional anal-
gesia. Patients who received dialysis required a higher
infusion dose and there was a greater need for rescue
medication when compared to patients with normal renal
function. The relatively small volume of distribution
(137 l) of dexmedetomidine and the lipophilic nature [10]
of the molecule may enhance its clearance with continu-
ous dialytic therapy.

To date, most current practices involve weaning any
sedation prior to extubation. Dexmedetomidine, due to its
lack of ventilatory depression [6, 11], offers a unique
opportunity of continuing sedation throughout the process
of ventilator weaning and subsequent extubation. It was
very encouraging that 65% of the surviving patients were
extubated whilst dexmedetomidine was still being in-
fused.

A unique feature of our study was the omission of
dexmedetomidine loading dose. Venn et al. demonstrated
that of 66 patients receiving dexmedetomidine with a
loading dose, nine out of 11 hypotensive events occurred
during the loading dose period [5]. In a study of medical
patients [8] the same author recommended a reduction in
loading dose to avoid hypotension during this phase de-
scribing significant hypotension and bradycardia with
other patients experiencing hypertension during loading
dose [5, 8]. A predictable decrease in blood pressure and
HR was observed in our patients; however, onset was
slower, less pronounced, and more delayed when com-
pared with other studies that used a loading dose [4, 5].
Only one patient needed a minimal short-lived interven-
tion (0.03mg·kg·min noradrenaline for 3 h) after com-
mencement of the study drug. All other interventions
were dictated by the underlying disease process and in-
troduced more than 12 h after study induction.

Rebound phenomena is a complex process well-known
after the use of antihypertensive drugs and, in particular,
after the cessation of centrally acting a-2-receptor ago-
nists [12]. Well-described rebound hypertension from
clonidine is associated with sympathetic overactivity and

high plasma levels of noradrenaline and adrenaline [7, 8,
13]. There is no corresponding data regarding rebound
hypertension and tachycardia after abrupt cessation of
dexmedetomidine. Venn and colleagues [6] showed no
evidence of rebound in patients receiving dexmedetomi-
dine for up to 24 h. In this study, dexmedetomidine in-
fusion was ceased (not weaned) once sedation was no
longer necessary. In our study, there was minimal in-
crease in blood pressure and HR (7% and 11% maximum
rise, respectively) up to 24 h after cessation. This may be
explained by the high alpha-2 receptor selectivity or be-
cause of the continuous infusion and modestly long ter-
minal half-life of dexmedetomidine of 2–3 h that allows a
slow recovery of the sympathetic system. Interestingly,
sustained-release clonidine patches studied in more than
2,000 patients resulted in no evidence of rebound upon
discontinuation. Additionally, there were no reported clin-
ical symptoms or signs to suggest a withdrawal syndrome
[14].

Although this was an observational study, it was de-
signed to reflect the complexity of heterogeneous criti-
cally ill patients. The effectiveness of sedative drugs in
this group of patients may be influenced by underlying
co-morbidities making effective evaluation difficult. The
nature of a nurse-driven sedation may introduce distortion
through subjective assessment of sedation or the use of
additional therapy. There are inherent limitations in the
design of observational studies; in particular, the small
group size of our study and the absence of a control
group. Similarly, the unblinded nature of this study raises
the potential for bias. Therefore, our results cannot be
generalised until validated by properly conducted ran-
domised control trials.

Dexmedetomidine appears to have a promising po-
tential as an effective sedative agent in critically ill pa-
tients and can be used safely for up to 7 days, with stable
and predictable haemodynamic effects on induction and
cessation. Although inadequate for some patients, a li-
censed dose of up to 0.7mg·kg·h offers a significant re-
duction in other sedation requirements and is sparing of
narcotic needs.

Acknowledgments We thank David Bihari and the intensive care
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