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Abstract

Background and Aims: The alpha-2-adrenergic mechanism has been explored for a long time in anesthesiology. Clonidine belongs to this class

and has some interesting characteristics for this specialty.

Contents: This article illustrates pharmacological aspects, mechanisms of action and clinical use of clonidine in anesthesiology. Sedation,
analgesia, lower incidence of nausea, opioid needs and adverse effects reduction are some of the beneficial effects of its use. Adverse effects are

bradycardia and low blood pressure.

Conclusion: Clonidine reduces post-operative needs of opioid, pain intensity and nausea incidence. However, high risk of perioperative low
blood pressure and bradycardia must be taken in consideration when deciding using this drug.

Introduction

From cocaine to dexmedetomidine, passing through
noradrenaline, the alpha-2-adrenergic mechanism for analgesia has
been explored for more than one century [1]. Although it is known
for long time, clonidine, an alpha-2-agonist drug, was used for the
first time in human for anesthetics aims only in 1984, epidurally
[2]. Since then, several clinical trials, reviews and clinical practice
have demonstrated many benefits from the association of clonidine
to other anesthetic drugs systemically, spinally or epidurally, with
relative safety [1,3-12]. Clonidine has interesting pharmacological
characteristics for anesthesia practice, including sedation, hypnosis,
analgesia, opioid need reduction and anti-sympathetic response, to

surgical trauma response [4].

Contents

Pharmacological Aspects: Clonidine is an imidazole
compound, alpha-adrenergic agonist with selectivity for alpha-2
receptors [13]. It has fast absorption after oral intake, with
great biodisponibility. The distribution volume is around 12L/
kg. It is 50% metabolized by the liver into inactive compounds.
The other half of the drug is eliminated with no changes by the
kidney. The elimination half-life may vary when administrated by
intravenously, from 6 to 23 hours, depending on kidney function.
It has great lipossolubility and crosses the blood brain barrier
with no difficulties [14]. The elimination half-life for the spinal

administration is shorter: 1,5 hours [1].

Action mechanisms and Effects

Analgesia: There are alpha-2-agonists receptors in the terminal
primary afferent (spinal and peripheral), in spinal superficial
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lamina neurons and in the supra-spinal nuclei (locus ceruleus)
[15]. That way, clonidine and other alpha-2-agonists have analgesic
actions on the three sites of sensitive afference: peripheral, spinal
and brain. Although there are no such receptors on peripheral nerve
axonia, clonidine may increase the effect of local anesthetics in
peripheral nerve blocks, by action on C and AS fibers, decreasing the
conduction on those fibers, because of increase of trans-membrane
potassium conductance, and through vasoconstrictor effect (alpha-
1-adrenergic effect), which reduces local anesthetics wash-out
from perineural tissues [15-17]. When activated by an agonist
agent, alpha-2 receptors inhibit the adenilciclase enzyme, reducing
intracellular AMPc, leading to a hyperpolarization membrane state
[18]. Inhibition of calcium voltage-dependent channels is another
secondary action mechanism of clonidine [14]. Clonidine has a
selective affinity to alpha-2 receptor 220 higher than its affinity to
alpha-1 receptor [1].

Hemodynamics: Clonidine has central and peripheral
mechanisms for cardiovascular effects. On solitary tract nuclei and
on locus ceruleus, the alpha-2 receptors activation reduces the
sympathetic tonus, with inhibition of noradrenaline release on the
synaptic junctions, leading to bradycardia and low blood pressure
effects [19]. The alpha-2 pre-synaptic receptors on peripheral
nerves reduces the noradrenaline exocytosis. In the other hand,
post-synaptic alpha-2 receptors stimulation, on endothelium, leads
to vasoconstriction, and may cause transitory high blood pressure
right after intravenous injection of clonidine [20]. As clonidine is a
non-specific selective alpha-2 agonist, in high doses (450ug, spinal,
for example), it may increase blood pressure. This is due to the fact
that this drug, in less proportion, also is an alpha-1 agonist [21].
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Respiratory system: Alpha-2 agonist do not induce deep
respiratory depression, even in high doses, nor potentiate
respiratory depression caused by opioids [22]. These medications
can reverse the muscle stiffness induced by fentanyl, alfentanil,
sufentanil and remifentanil [23].

Sedation: Sedation is frequent with clonidine use, in accordance
with the sedative and anesthetic-sparing properties that alpha-2-
agonists present, mainly due to the action of these drugs on the
receptors of the locus ceruleus [11].

Kidney Effects: Alpha-2-adrenergic receptors induce diuretic
and natriuretic effects in the renal system. Alpha-2 agonist drugs
also inhibit the release of the antidiuretic hormone and antagonize
its action in the renal tubule. Unlike opioids, they do not present a
urinary retention effect [24,25].

Endocrine Effects: Clonidine is a powerful sympatholytic
agent. It reduces the secretion of noradrenaline, adrenaline, ACTH,
cortisol. It stimulates the release of growth hormone [26]. As a
direct effect on the alpha-2 receptors of the pancreatic Langerhans
cells, they inhibit insulin secretion, which may increase glycemia,
but without relevant clinical consequences [1].

Clonidine uses in anesthesia

Systemic Use: In anesthesia, clonidine can be used by the oral,
intravenous, epidural or intrathecal routes. As a premedication, a
dose of 2 to 4pg/kg orally provides sedation, hypnosis and anti-
sialogogue effect [27]; attenuates perioperative hemodynamic
instability, spares need for anesthetics during surgery, and reduces
the need for postoperative analgesics [1,9,10,12,28-30]. It has a
propofol sparing effect, reducing the needs of this venous anesthetic
[8,31]. In a meta-analysis about systemic clonidine, either orally
pre-anesthetic or intraoperative venous administered clonidine,
showed that the use of this drug reduces opioid consumption and
postoperative pain scores in the first 24 hours, and incidence of
nausea in the first 8 hours, but at the expense of lower intraoperative
blood pressure levels (not clinically impacting) [4]. Clonidine has
been used to attenuate symptoms resulting from withdrawal of
opioids, alcohol and benzodiazepines, with encouraging results
[32]. Clonidine also has benefit in the treatment of postoperative
tremors, with efficacy equivalent to dolantine, but without the
adverse effects of this drug [33].

Epidural use

Epidural clonidine may be used at a dose of 2 to 4pug/kg and it
prolongs the time and improves the quality of analgesia and motor
blockade of the associated local anesthetic, with a sedative effect. It
can be used continuously at the dose of 30pg/h [1]. In children, it
can be used in sacral epidural block at a dose of 1 to 2ug/kg, which
results in a longer duration of postoperative analgesia, without
major hemodynamic changes [34]. In the treatment of chronic
neoplastic pain, it has already been used epidurally in the dose of
10-50pg/h, when the response to opioids is no longer satisfactory
[35].

Spinal use

At the dose of 1 to 2pg / kg, clonidine has its most pronounced
effects when administered intrathecally [1]. As an adjunct to local
anesthetics, the drug prolongs sensory and motor blockade without
resulting in the typical adverse effects of opioids (urinary retention
and respiratory depression, for example) [36,37]. A recent meta-
analysis evaluated the efficacy of adding clonidine to morphine in
spinal anesthesiain acute postoperative pain and concluded that this
drug prolongs the time of analgesia, with a longer time interval for
the first analgesic demand and reduces the total dose of morphine
used for analgesic rescue [3]. The association of clonidine to spinal
local anesthetics has also been the subject of a systematic review,
showing that alpha-2-adrenergic agonists increase the duration of
motor blockade, improve intraoperative analgesia, and delay motor
block regression and the interval for first demand analgesic. The
main adverse effect observed is intraoperative hypotension [5].

In obstetrics, the use of clonidine as an adjuvant to cesarean
section anesthesia is well established, with several studies showing
many benefits. In the immediate postoperative period of patients
undergoing cesarean delivery under general anesthesia, 150pug of
clonidine alone was administered intrathecally in the immediate
postoperative period and compared with placebo, concluding that
clonidine induces effective analgesia at this dose for an average of
6 hours, but not without side effects such as hypotension, sedation
and dry mouth [38]. Benhamou and colleagues assigned 78
women to undergo cesarean section in groups who received spinal
anesthesia with isolated bupivacaine, clonidine(75pg)-bupivacaine
association or clonidine(75ug)-fentanyl (12.5pg)-bupivacaine
association. After intra and postoperative analysis, the groups
receiving clonidine associated with bupivacaine and clonidine
associated with fentanyl and bupivacaine showed superior
intraoperative analgesia, with no higher frequencies of hypotension,
greater need for ephedrine or lower levels of the Apgar score in the
newborns. The group receiving bupivacaine, clonidine and fentanyl
had better intraoperative analgesia, longer time of postoperative
analgesia, and higher sedation rates when compared to the other
groups, although this sedation did not exceed moderate levels [39].

The Paech group performed a randomized clinical study on 240
patients and concluded that the subarachnoid combination of 100ug
morphine with clonidine for spinal anesthesia in cesarean sections
significantly improves postoperative pain relief but increases
sedation. He further compared groups with different doses of
clonidine, suggesting that the minimum effective dose for spinal
clonidine is 30 to 60pg, combined with bupivacaine and fentanyl
[40]. In Brazil, a recent study by Neves et al. demonstrated that the
addition of clonidine to spinal anesthesia with 0.5% hyperbaric
bupivacaine (12.5mg) and morphine (100pg) for cesarean section
improved the quality of postoperative analgesia without increasing
the incidence of side effects [41]. In the Netherlands, van Tuijl
compared the use of bupivacaine alone to the use of bupivacaine
associated with 75ug of clonidine in cesarean spinal anesthesia,
concluding that clonidine prolonged the analgesia considerably
and improved early analgesia, but there was no difference in total
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consumption of postoperative morphine, only in time to the first
demand.

There were no maternal or neonatal side effects [42]. In
2008, Lavand’homme investigated the anti hyperalgesic effects
of clonidine. She compared groups of parturients submitted
to elective cesarean sections under spinal anesthesia with
bupivacaine associated with fentanyl, bupivacaine associated with
fentanyl and clonidine, and bupivacaine associated with clonidine.
She concluded that the combination of clonidine and spinal
bupivacaine had a significant effect on the reduction of the area
and the incidence of peri-incisional mechanical hyperalgesia in the
first 48 hours of the postoperative period, with no significant side
effects [43]. In 2011, Kothari and his co-researchers demonstrated
that the u se of clonidine can reduce bupivacaine doses in cesarean
section, maintaining adequate motor blockade and prolonging
postoperative analgesia, although the use of clonidine has been
implicated in higher frequency of certain adverse effects (mild
sedation) [44].

Conclusion

In patients submitted to surgeries under general anesthesia,
there is evidence that perioperative use of systemic clonidine
(either as a premedication or as an intraoperative adjuvant) reduces
postoperative opioid consumption, pain intensity, and incidence of
nausea. However, the increased risk of intra- and postoperative
hypotension and bradycardia should be taken into account when
deciding on the systemic use of this drug. The addition of clonidine
to the neuroaxis (intrathecal or epidural) increases the duration of
motor blockade, improves the quality of intraoperative analgesia,
delays the regression of the sensory blockade, and prolongs
postoperative analgesia with later requests for rescue. As with
the systemic route, the main intraoperative adverse effect is
hypotension.
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