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 CURRENT
OPINION Clonidine in pediatric anesthesia: the new panacea

or a drug still looking for an indication?

Arash Afshari

Purpose of review

Clonidine, an a2-receptor agonist is a widely used drug in pediatrics with a large scope of indications ranging
from prevention of postoperative emergence agitation, analgesia, anxiolysis, sedation, weaning to shivering. In
the era of ‘opioid-free’ medicine with much attention be directed toward increasing problems with opioid use,
clonidine due to its global availability, low cost and safety profile has become an even more interesting option.

Recent findings

Increasing evidence from randomised clinical trials support the use of clonidine in healthy children in the
perioperative setting. Clonidine appears to significantly reduce postoperative emergence agitation, opioid
consumption, shivering, nausea and vomiting. In addition, emerging evidence support the use of clonidine
for sedation of critically ill children in ICUs. In this review, the current evidence for clonidine in pediatrics is
described and analyzed including a meta-analysis for prevention of emergence agitation.

Summary

Clonidine appears a safe and beneficial drug with moderate to high-quality evidence supporting its use in
pediatric anesthesia. However, for some indications and populations such as children younger than
12 months old and those with hemodynamic instability, there is an urgent need for high-quality trials.
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INTRODUCTION

Clonidine was first synthesized in Germany in 1962
and introduced into clinical practice in 1966 as an
antihypertensive drug [1]. In children, the indica-
tions for its use have increased to cover a wide range
of conditions such as attention deficit hyperactivity
disorder; withdrawal symptoms (i.e. opioids, benzo-
diazepines); sleep disorders, anxiety, sympathetic
nervous system responses (i.e. sweating, flushing,
tachycardia, hypertension, restlessness); pain (peri-
operative and migraine headaches); for procedural
sedation, postoperative agitation, nausea and vom-
iting and shivering, management of acute dystonia
and delirium in pediatric ICUs (PICUs) [2–11].

In addition, other features such as reduction of
anesthesia induction time and oxygen consump-
tion; renal protection, anesthetic-sparing benefits
and myocardial protection have also been attributed
to Clonidine [12

&

].
Clonidine exerts its effect through stimulation

of various receptors:

(1) Alpha-1A, 1B and 1D adrenergic receptors
causing peripheral vasoconstriction and hyper-
tension [13].

(2) Alpha-2A receptors which are the main thera-
peutic target, regulate neurotransmitter release
from sympathetic nerves and from adrenergic
neurons, causing sedation. They are predomi-
nantly located in prefrontal cortex, locus ceru-
leus of the brain with the majority localized
postsynaptically to noradrenergic terminals
assisting the function of norepinephrine.

(3) Alpha-2B receptors located peripherally causing
vasoconstriction.

(4) Alpha 2C receptors in striatum and hippocam-
pus, believed to regulate neurotransmitter
release from sympathetic nerves and from
adrenergic neurons in central nervous system
and the heart.

(5) Imadazoline receptors causing hypotension.
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Clonidine can be administered via several
routes. These include oral (liquids, transmucosal,
tablets), nasal sprays, rectal suspensions, transder-
mal and intravenous. The efficacy of oral transmu-
cosal clonidine formulations is still to be fully
established while nasal sprays and rectal suspen-
sions despite rapid onset of action and potential
for dose flexibility, still are associated with unpre-
dictable absorption [14]. Transdermal use is not
widespread. Oral administration of Clonidine is
associated with rapid absorption (peak plasma levels
within 60–90 min), with bioavailability of around
85%, and half-life of around 12 h.

Intravenous administration of clonidine
remains the most predictable in terms of bioavail-
ability and most easily dose-adjustable.

Oral Clonidine should be administered around
an hour before to avoid or treat agitation but given
the long half-life, dose down-titration is challenging.

HEMODYNAMIC IMPACT

In light of the findings of POISE-2 study, some
concerns have been raised about the safety of Clo-
nidine in adult cardiac disease [15]. However, cloni-
dine-induced hypotension has not been directly
linked to cardiac adverse events in general popula-
tion after noncardiac surgery, in pediatric anesthesia
or pediatric critical care [12

&

].
Clonidine is generally considered to cause bra-

dycardia and hypotension through stimulation of
imidazoline and alpha-2A receptors and through a
higher impact on imidazoline receptors than

Dexmedetomidine may cause more hypotension.
However, this simplification often serves little jus-
tice to Clonidine since hypotension often predom-
inates at lower doses (steady-state concentration
<1 ng/ml) [16,17]. At higher doses (steady-state
serum concentrations >2 ng/ml), alpha-1 receptor
stimulation causes vasoconstriction and hyperten-
sion why patients with clonidine overdose often
present with bradycardia and normotension
or hypertension.

The observed bradycardia and hypotension are
often not clinically significant in the perioperative
setting nor in the ICU and rarely require any inter-
vention unless associated with concomitant hypo-
volemia and bleeding [18]. Intravenous clonidine-
associated bradycardia has been found to be hemo-
dynamically well tolerated in critically ill children
in ICU, and not related with hypotension. In con-
trast, vasocactive agents have been reported to be
reduced in parallel with increased sedation [19].

In an observational study of 1507 children, the
incidence of bradycardia (heart rate of <85% of the
1st centile) at arrival to the operating room after oral
or intravenous premedication with clonidine was
nearly absent [20].

CLONIDINE IN PEDIATRIC CRITICAL CARE

Sedation of critically ill children and certainly those
with mechanical ventilation is often the norm.
Indications for sedatives range from reduction of
metabolic demands in periods of respiratory, hemo-
dynamic and neurological instability to alleviation
of discomfort, stress and pain. However, clinicians
must balance between the inherent risks associated
with over-sedation (i.e. cardiovascular instability,
prolonged sedation with subsequent risk for toler-
ance and withdrawal, extended need for mechanical
support, gastrointestinal adverse events) and under-
sedation (risk of discomfort, stress, delirium, unin-
tentional extubation or removal of lines and
catheters) [21].

Combining opioids and other analgesics with
sedatives (mostly midazolam and other benzodiaze-
pines) is a general rule in children but has an inher-
ent risk of tolerance, withdrawal and other side
effects such as hemodynamic and respiratory
depression [22]. a2 agonists are increasingly used
in an off-label manner in PICUs.

In the Safety profiLe, Efficacy and Equivalence
in Paediatric intensive care Sedation study, an ran-
domised clinical trial (RCT) of children in PICUs (30
days to 15 years) clonidine (3 mg/kg with 0–3 mg/kg/
h infusion) was compared with midazolam (200 mg/
kg loading and 0–200 mg/kg/h) as intravenous
sedatives in combination with morphine. However,

KEY POINTS

� Clonidine is an a2-agonist first introduced into clinical
practice in 1966.

� In pediatrics, it is increasingly used to treat a range of
indications such as emergence agitation, anxiolysis,
analgesia, withdrawal symptoms and sedation in ICUs.

� Increasing evidence from high-quality trials suggest that
clonidine reduces postoperative opioid consumption,
prolongs the time to first analgesic administration and
decreases postoperative nausea and vomiting.
However, this may come at the expense of prolonged
recovery time.

� Clonidine may have a higher clinical benefit among
boys than girls, but this finding needs to be more
thoroughly examined.

� Future trials should examine the safety of clonidine in
critically and hemodynamically unstable children,
cardiac disease including arrhythmia and
neurologically ill patients.

Pediatric anesthesia
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only 129 children (planned 1000) were included.
Clonidine was found superior to midazolam, more
cost effective (>50%) with very few adverse events.
Neither strategy provided satisfactory sedation [23].

In a small RCT of 50 mechanically ventilated
children (<5 years old), enteral clonidine of 5 mg/kg
was compared with placebo every 6 h with addi-
tional sedatives being at the discretion of attending
physicians. No statistically significant difference
was found due to small sample size and multiple
sedatives used [24].

In a systematic review of a2-agonists for seda-
tion in ICU, the adjunctive use of clonidine (three
trials) demonstrated a significant decrease in opioid
use in neonates but not in older children [25].
Clonidine dose varied and the review was under-
powered to examine efficacy and safety.

The optimal dosage, duration, titration and
weaning strategies for a2-agonist use in pediatric
intensive care remains unclear despite their wide-
spread use [23–28].

CLONIDINE PREMEDICATION FOR
POSTOPERATIVE ANALGESIA IN
CHILDREN

A Cochrane systematic review evaluated the effec-
tiveness of clonidine premedication for postopera-
tive pain in children [29]. A total of 11 trials with 742
children undergoing surgery were included and the
overall quality of evidence was reported as low.
Clonidine was compared with placebo or no treat-
ment in four trials, with midazolam in six trials, and
with fentanyl in one trial. Oral clonidine premed-
ication of 4 mg/kg reduced the need for additional
analgesia [relative risk (RR) 0.24, 95% confidence
interval (CI) 0.11–0.51] with minimal side effects.
Oral clonidine dose of 2 mg/kg was found insuffi-
cient. This review and another meta-analysis suggest
a superiority of premedication with clonidine com-
pared with midazolam, other benzodiazepines and
intravenous fentanyl for avoidance of postoperative
nausea and vomiting and emergence agitation [30].
However, these conclusions are based on small stud-
ies with inadequate power.

EMERGENCE AGITATION

In literature, postoperative behavioral disturbances
often occurring in preschool children are inter-
changeably labeled as emergence agitation, emer-
gence delirium and postanesthesia excitation with
little consensus regarding a definition [31]. Further-
more, various scales (i.e. pediatric anesthesia emer-
gence delirium scale, Watcha scale) have been used
to register the condition.

Emergence agitation secondary to general anes-
thesia manifests through a range of symptoms such
as involuntary physical overactivity, moaning,
crying, restlessness, hallucinations and delirium
[32,33].

Emergence agitation appears as the most appro-
priate descriptive term and is a traumatic experience
for children, parents and the medical staff. It may
result in self-inflicted injuries, disruption of the
surgical dressing and cause accidental removal of
indwelling devices, lines and surgical drains extend-
ing the stay in the hospital. The incidence of emer-
gence agitation varies between 10 and 80% in the
literature with inhalational anesthetics most exten-
sively associated with emergence agitation [34].

Adverse effects associated with emergence agi-
tation can last beyond hospitalization in up to 73%
of children presenting with emotional signs such as
nightmares, sleep disturbances, separation anxiety,
enuresis and aggression [35,36].

In a Cochrane systematic review, sevoflurane
was compared with other general anesthetic agents,
with or without pharmacological or nonpharmaco-
logical adjuncts, to examine their effectiveness for
avoidance of emergence agitation [37]. A total of 158
trials with 14 045 patients were included. Propofol,
a2 agonists (clonidine and dexmedetomidine),
opioids and ketamine were found to reduce the risk
of emergence agitation.

Meta-analysis of clonidine in nine studies
showed a large significant reduction in risk of emer-
gence agitation (RR 0.45, 95% CI 0.31–0.66).

The benefits of clonidine were also found in two
network meta-analyses of different auxiliary drugs
in pediatric sevoflurane anesthesia [odds ratio
(OR)¼0.25, 95% credible confidence interval (CrI)
0.14–0.46] [38,39

&

].

INTRAOPERATIVE CLONIDINE FOR
PREVENTION OF EMERGENCE AGITATION

Intraoperative clonidine and dexmedetomidine sig-
nificantly reduced the risk of postoperative behavior
disturbances in a systematic review (OR 0.28, 95% CI
0.19–0.40; 10 trials). No adverse hemodynamic
events were reported but the time in the recovery
room was prolonged [40]. Only two trials with clo-
nidine (n¼170 children) were included in this
review [41,42].

In the single largest multicentre RCT on the use
of intraoperative Clonidine (PREVENT AGITATION
study) 379 children (1–5 years old) either received
intravenous clonidine 3 mg/kg or saline 20 min prior
to completion of surgery [43

&&

]. 25% of clonidine
participants compared with 47% of placebo partic-
ipants had one or more episodes of postoperative
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agitation (RR 0.56, 95% CI 0.43–0.71, P<0.0001).
Significantly this benefit was most prominent
among boys. Adverse events were similar at 24 h
and 30 days follow-up with no hemodynamic
adverse events being reported. Clonidine reduced
postoperative opioid consumption and prolonged
the time to first analgesic administration. Postoper-
ative nausea and vomiting was also significantly
reduced while recovery times were extended
by clonidine.

Intraoperative dose of clonidine in the literature
ranges from 1 to 3 mg/kg with higher doses provid-
ing most benefit.

In this review, a meta-analysis is provided on the
impact of perioperative use of clonidine on emer-
gence agitation. The choice of statistics is risk ratio
and random effects model due to statistical hetero-
geneity expressed by I2 and clinical heterogeneity
(different dosages, time and routes of administra-
tion). A total of 11 RCTs with a total of 1153 children
are included [41,42,43

&&

,44–51]. clonidine shows a
very large statistically significant benefit (RR 0.51;
95% CI 0.38–0.70, refer to Fig. 1).

CLONIDINE IN REGIONAL AND CENTRAL
NERVE BLOCKS

Several recent small pediatric RCTs [American Soci-
ety of Anesthesiology score (ASA) 1–2, age range of

1–10] with sample sized ranging between 60 and 90
have examined the impact of clonidine addition to
local anesthetics for prolonging the duration of
action of caudal epidural nerve blocks. The cloni-
dine dose was 1–3 mg/kg. Addition of clonidine
compared with either saline, midazolam or fentanyl
in all studies significantly delayed the time to first
rescue analgesic, reduced pain scores and fewer
patients required analgesia in the first postoperative
day without any side effects being reported [52–57].
In one of these trials, addition of clonidine 3 mg/kg
also decreased emergence agitation as compared
with bupivacaine alone or fentanyl 1 mg/kg [57].

The additive benefits of clonidine in regional
blocks in children remains unclear with conflicting
results from RCTs [58,59].

AMNESIA

Anterograde amnesia induced by benzodiazepines is
well described but in a recent systematic review,
Viana et al. [60] examined the level of evidence
for the amnestic effects of sedatives in pediatrics.
The authors found moderate evidence supporting
the benzodiazepine induced anterograde evidence.
In addition, the authors found that higher doses of
a2-agonists caused more anterograde amnesia
than lower doses (RR¼1.83; 95% CI: 1.03–3.25;
P¼0.038; I2¼0%, low level of evidence).

FIGURE 1. Meta-analysis of perioperative use of clonidine for prevention of emergence agitation.

Pediatric anesthesia
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COMPARISON WITH DEXMEDETOMIDINE

In general, clonidine is a much cheaper option with
a wider global availability within and outside anes-
thesia and ICU than dexmedetomidine due more
extended user experience with more products on
the market.

Dexmedetomidine has a shorter half-life allow-
ing easier titration of infusions for sedation and is
eight times more selective than clonidine for the a2
over the a1 receptors. Thus, it may have less
unwanted adverse effects. In addition, it is licensed
in adults for ICU sedation [22].

In a recently published RCT with 105 surgical
patients (2–9 years), intranasal dexmedetomidine of
2 mg/kg appeared more superior to intranasal cloni-
dine 3 mg/kg with a more satisfactory anxiolysis
(88.5 vs. 60%, P¼0.001), satisfactory sedation
(57.1 vs. 25.7%, P¼0.001) 30 min after premedica-
tion [61]. In another similar RCT of 80 children,
administration of intranasal dexmedetomidine
1 mg/kg 45 min before induction of anesthesia with
sevoflurane for pediatric day care surgery was more
effective than clonidine 4 mg/kg in decreasing the
incidence and severity of emergence agitation [62].

In another recently reported blinded RCT of oral
premedication for elective pediatric surgery (75 chil-
dren, 4–12 years old) showed superiority of oral
midazolam (0.5 mg/kg) to oral clonidine (4 mg/kg)
and Dexmedetomidine (4 mg/kg) for outcomes such

as easy separation from parents, faster onset of
sedation, lower anxiety score and mask acceptance
while Dexmedetomidine appeared slightly more
superior to clonidine [63].

Meta-analysis of dexmedetomidine in 12 studies
examining its benefit for emergence agitation in
sevoflurane anesthesia found a large benefit (RR
0.37, 95% CI 0.29–0.47) which may even exceed
benefits of clonidine [37].

The superiority of dexmedetomidine for avoid-
ance of emergence agitation and pediatric anesthe-
sia emergence delirium has also been reported in a
recent network meta-analysis (OR¼0.18, 95% CrI
0.12–0.25 for dexmedetomidine vs. OR¼0.25, 95%
CrI 0.14–0.46 for clonidine) while clonidine
appeared a better choice for prevention of post
operative nausea and vomiting (PONV) and postop-
erative analgesic requirements [39

&

]. However,
much of the reported difference could be explained
by variation in dose and fewer trials examining
clonidine.

CONCLUSION

Clonidine is a widely used drug in pediatrics with an
a very large scope of indications. The European off-
label use of medications in general is widespread and
only less than 30% of marketed drugs provide results
from pediatric clinical trials [64]. Off-label pediatric

Table 1. Dose regimens for various indications of Clonidine use in pediatric anesthesia and critical care

Preoperative/premedication
Intranasal (4 mg/kg 30 min) before induction of anesthesia [66]
Oral 4 mg/kg [29]

Intraoperative clonidine for prevention of emergence agitation
3 mg/kg 20 min prior to completion of surgery for children older than 1 year old and with no contraindication

Clonidine addition to caudal block or epidural infusion
Caudal block single shot: 1–2 mg/kg as an adjunct to either bupvacaine 0.125–0.25% or ropivacaine 0.2% solutions
Epidural infusion: mixture of clonidine 0.08–1 mg/ml and either ropivacaine 0.1% or bupivacaine 0.1% solutions at rate of 0.2 ml/kg/h
[67–69]

Postoperative use [43&&]
Agitation (if no prior administration of clonidine): 2–3 mg/kg intravenous (maximum recommended single dose 150 mg intravenous. Often
it is more pertinent not to exceed 75 mg intravenous as initial dose in obese children or adolescents, and instead titrate after 10 min if
additional dose needed)
Shivering: 1 mg/kg

ICU indications
Sedation, insomnia and withdrawal symptoms [70]

Oral/enteral dose-range of 2–15mg/kg/day divided every 6–8 h
In preschool children 4–5 mg/kg every 6h as initial dose [24]
Transdermal patches: 2–20mg/kg/day
Intravenous: 1–3 mg/kg loading dose, then start at 0.3 mg/kg/h, can be gradually titrated to a maximum of 0.7–1 mg/kg/h [23]

Weaning should be achieved gradually (several days) by increasing dosing interval as tolerated. It is recommended to initiate this before
discharge from PICU

For instance, by using oral clonidine: Example: day 0 every 6h, day 1 every 8 h, day 2 every 12 h, day 3 before sleep, day 4: off
At higher doses clonidine weaning should be extended and adapted based on tolerance. Caution should be exerted of abrupt stopping

since clonidine withdrawal is possible [16,71]

PICU, pediatric ICU.

Clonidine and children Afshari
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prescriptions in neonatal and pediatric ICUs may be
as high as 90% [65]. This issue certainly applies to
the use of clonidine.

Overall, clonidine has many positive properties.
It is generally a safe drug and is well tolerated. It has
excellent analgesic and opioid sparing properties. In
addition, it has anxiolytic effects and is highly effi-
cient for treatment of anxiety and postoperative
agitation/emergence agitation. And due to its low
cost and possibility for administration through mul-
tiple routes, it has a higher global reach and poten-
tial for use than dexmedetomidine and other
comparative drugs.

However, despite its widespread use, high-qual-
ity data are still scarce regarding optimal dose and
safety for many of the indications. And other issues
related to its long half-life and special care should be
exerted in children with renal and hepatic insuffi-
ciency, critically illness with hemodynamic instabil-
ity, active bleeding and cardiac diseases including
arrhythmias.

There is still a great need for research for various
indications and certainly the issue of gender differ-
ence needs to be examined in future trials. At this
stage, we are unable to provide evidence-based rec-
ommendation for children below 1 year, ASA clas-
sification of 3 or higher, premature children before
gestational week 37 and younger than 60 weeks old.
Table 1 provides a pragmatic summary suggestion
for clonidine use for various indications.
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