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ALPHA, ADRENOCEPTOR AGONISTS AND ANAESTHESIA

Y. HAYASHI AND M. MAZE

The clinical application of alpha2 adrenergic agonists
for anaesthesia has no precedent in our discipline.
New classes of anaesthetic drugs, or even new
members of an existing class, are usually promoted
by an immense pharmaceutical industry effort. The
alpha, adrenergic agonists have arrived on the scene
with no hyperbole: these drugs will succeed (or fail)
on their own merits. In addition, more is known
about the underlying mechanism of action of these
compounds than is known about all other anaesthetic
agents. In this review we have concentrated on basic,
applied and clinical pharmacology of these agents as
they relate to anaesthesia.

BASIC PHARMACOLOGY

Classification of adrenergic receptors
Until recently, the framework for the under-

standing of adrenergic responses was based on the
dual receptor theory of Ahlquist [5]. He differenti-
ated adrenergic receptors into alpha and beta based
on the rank order of potency of various natural and
synthetic catecholamines in different physiological
preparations. Ahlquist concluded that there was no
clear correlation between excitatory or inhibitory
actions of catecholamines and a particular receptor
type. Activation of either alpha or beta adrenergic
receptors produced excitatory effects in some tissues
and inhibitory effects in others. Subsequently Lands
and colleagues [86] showed that the rank order of
potency of a series of catecholamines for a variety of
beta adrenergic receptor-mediated responses could
be used to identify two types of beta adrenergic
receptors, beta! and beta2. Both the beta! and the
beta2 adrenoceptors stimulate the membrane-bound
enzyme adenylate cyclase, leading to the intracellular
accumulation of cyclic adenosine 3', 5'-monophos-
phate (cAMP), a ubiquitous second messenger
present in virtually all cells and tissues [140]. The
beta adrenoceptors have become model systems for
investigators studying the structure and function of
hormone and drug receptors in cell membranes
because of their ubiquity, close coupling to a
biochemical effector unit and the widespread clinical
application of ligands acting at these receptors [42,
88, 137].

(Br. J. Anaesth. 1993; 71 : 108-118)
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In the alpha adrenoceptor field, the next major
advance was based on the identification of a receptor
which regulated the release of neurotransmitters
[108]: from this it was inferred that the receptor was
located at a presynaptic site [87]. This led to a
subdivision of alpha adrenoceptors, based on their
synaptic location, into postsynaptic alpha! and
presynaptic alpha2 [14]. A classification based strictly
on anatomic location has proven to be untenable in
the light of postsynaptically and even extra-
synaptically located alpha2 adrenergic receptors not
linked to neurotransmitter release [44]. As more
selective alpha adrenoceptor antagonists became
available, it was possible to definitively separate the
alpha adrenoceptors into two subtypes on a phar-
macological basis [24]. The current pharmacological
classification of alpha2 vs alphai is based on the
antagonists yohimbine and prazosin. At alphax
receptors, prazosin is more potent than yohimbine,
whereas at alpha2 receptors, yohimbine is more
potent than prazosin.

Structure of the alpha 2 adrenoceptor
The structure of the alpha2 adrenoceptor is similar

to a host of other neurotransmitter receptors, in-
cluding other adrenergic (alpha,, beta), muscarinic,
dopamine, opioid, adenosine and serotonin receptors.
Each of these receptor proteins is comprised of a
single polypeptide chain which weaves back and forth
through the cell membrane. The hydrophobic intra-
membranous portions of each of the adrenergic
receptors are similar in their primary structure.
From this, one may deduce that these hydrophobic
portions are probably the site which recognizes
noradrenaline, the ubiquitous neurotransmitter for
each of the adrenergic receptors. However, on the
cytoplasmic side, the adrenergic receptor proteins
exhibit considerable differences in structure. The
characteristic adrenergic responses are predicated by
these structural features, especially in the manner in
which they provide "contact points" for the host of
guanine nucleotide binding proteins (G proteins).

Classification of alpha 2 adrenergic receptors
Two separate nomenclatures, based on either

pharmacological (alpha2A, alpha2B or alpha2C) or
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molecular biological probes [23] agree to the exist-
ence of at least three different alpha2 isoreceptors.
According to the molecular biological classification,
these are denned by the chromosomal location of the
gene for the receptor, being either alpha2C2, alpha2C4
or alpha2C10. Different brain regions, like most other
tissues in the body, are usually populated by more
than one isoreceptor.

G proteins

These "coupling proteins" promote transmem-
brane signalling to a discrete effector mechanism
which may be a transmembrane ion channel or an
intracellular second messenger cascade [29]. There
are more than 20 species of G proteins which are
characterized by differences in the amino acid
sequence of one (alpha) of the three subunits. These
discrete differences in the alpha subunit provide the
unique response mediated by each of the adrenergic
receptors. At least four different G proteins couple to
the alpha., adrenoceptors, including G,,.j and Go.

Effector mechanisms

A feature common to all alpha2 adrenergic recep-
tors is their ability, when activated, to inhibit
adenylate cyclase. The resulting decrease in the
accumulation of cAMP attenuates the stimulation of
cAMP-dependent protein kinase and hence the
phosphorylation of target regulatory proteins. How-
ever, in many cases a decrease in cAMP production
is not sufficient to mediate the effects of the alpha2
adrenoceptor. Efflux of K+ through an activated
channel can hyperpolarize the excitable membrane
and provide an effective means of suppressing
neuronal firing. Alpha2 adrenoceptor stimulation
also suppresses Ca2+ entry into the nerve terminals
which may be responsible for its inhibitory effect on
secretion of neurotransmitters.

APPLIED PHARMACOLOGY

Alpha2 adrenergic agonists

These can be grouped into three main classes:
phenylethylamines (e.g. amethylnoradrenaline), the
imidazolines (e.g. clonidine) and oxaloazepines (e.g.
azepexole).

Clonidine, an imidazole compound, is a selective
agonist for alpha2 adrenoceptors with a ratio of 200:1
(alpha^alphaj). In many models of alpha, action,
clonidine has been identified as a partial agonist.
Clonidine is rapidly and almost completely absorbed
after oral administration and reaches peak plasma
concentrations within 60—90 min by this route.
Clonidine may also be delivered via a time release
transdermal patch, although a minimum of 2 days
must elapse before a therapeutic concentration is
achieved [144]. The elimination half-life of clonidine
is between 9 and 12 h, and approximately 50 % of the
drug is metabolized in the liver to inactive metabo-
lites while the rest is excreted unchanged by the
kidney.

Methyldopa is metabolized to methylnoradrena-
line which is a full agonist at the alpha2 receptor and
has 10-fold selectivity for the alpha2 over the alpha i

adrenoceptor. Because transformation into the active
compound is necessary, effects are slow to develop
(4-6 h) and somewhat unpredictable. It is the only
parenteral preparation available for clinical use in
the U.S.A. Guanabenz is similar to clonidine in its
effects: however, it is less potent and shorter acting
with a terminal elimination half-life of 6 h. Guan-
facine has the longest half-life (14-18 h) of all the
clinically available alpha2 agonists. Both the latter
two drugs are guanidine compounds.

Medetomidine (4(5)-[ 1,2,3-dimethylphenylethyl] -
imidazole) is the prototype of the novel super-
selective alpha, agonists. It is an order of magnitude
more selective than clonidine and is a full agonist at
this class of receptor [129]. Medetomidine is ex-
tremely potent and is active at small nanomolar
concentrations and has been widely used in vet-
erinary practice in Europe. Since the D-enantiomer
of this racemate is the active ingredient, dex-
medetomidine has been developed for clinical use.
Phase II studies with this compound have been
launched in the U.S., while in Europe the drug is in
phase III clinical trials.

Some ligands have an imidazole ring which enables
them to bind to non-adrenergic imidazole-preferring
receptors, as well as to the alpha2 adrenoceptor [51].
The cardiovascular properties of alpha2 ligands
vary considerably, depending on whether or not the
imidazole-preferring receptor is also bound [142].

CLINICAL APPLICATION OF ALPHA2 AGONISTS

Pharmacological responses of alpha2 agonists on
different systems

Central nervous system. Sedation is one of the most
consistent effects mediated by central alpha2 recep-
tors [43]. While this property is an undesirable
side effect when clonidine is administered to patients
with hypertension, it has been used to great advant-
age as premedication in anaesthesia. This sedative
effect of alpha2 agonists is potentiated significantly
when they are administered together with a benzo-
diazepine [126]. Recently, the locus coeruleus was
shown to be a principal region responsible for the
sedative effect [35, 127].

Another characteristic effect of alpha2 agonists in
clinical situations is anxiolysis, which is comparable
to that produced by benzodiazepines [26, 54, 153].
Clonidine may also depress panic disorder in humans
[147]. However, larger doses of alpha, agonists may
produce anxiogenic responses through non-selective
activation of alpha, receptors [133].

Alpha2 adrenergic receptor activation produces a
potent analgesic response, involving both supra-
spinal and spinal sites [110,151,154]. In animal
experiments, clonidine exerts a more potent analgesic
effect than morphine [55]. Furthermore, its potency
is enhanced synergistically with concomitant treat-
ment with opioids [103,105, 134, 152]. Alpha2
agonists and opioids mediate the analgesic action
through independent receptors, although these two
classes of agents have a similar transduction pathway
in their effector mechanism [22]. This may be the
mechanism for the development of cross-tolerance
between these two agents [107, 136]. Alpha2 agonists
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suppress the undesirable physiological and psycho-
logical symptoms after withdrawal of opioids [62].
Recently, the usefulness of alpha2 agonists has been
extended to other withdrawal states, such as alcohol
and benzodiazepines [10, 36, 155]. In humans, dex-
medetomidine was reported to suppress ischaemic
pain [76] and to attenuate the affective component of
ischaemic pain [82]; yet, i.v. dexmedetomidine, in
the dose range 25-50 ug kg"1, did not affect the
experimental pain threshold [76].

The most impressive action of alpha2 agonists in
the central nervous system is the ability to reduce
anaesthetic requirements. Kaukinen and Pyykko [81]
demonstrated a modest reduction (15 %) of MAC of
halothane after subacute administration of clonidine
in rabbits. Bloor and Flack [16] observed that acutely
administered clonidine reduced MAC of halothane
by up to 50% in a dose-dependent fashion. This
effect was antagonized by tolazoline, an alpha2
antagonist. There is a ceiling to the reduction of
MAC effect of clonidine because of its ability to
stimulate alpha, adrenoceptors. More selective alpha.,
agonists reduce the MAC of volatile anaesthetics to
a much greater extent. Azepexole was shown to
reduce MAC of isoflurane by 85% in dogs [94],
while dexmedetomidine decreased MAC of halo-
thane by more than 95% in animals [132, 149],
indicating that it may be an anaesthetic in its own
right. This reduction in anaesthetic requirement
may also be demonstrated in humans and is not
limited to volatile anaesthetics (see below).

Intraocular pressure can be reduced by alpha2
agonists and these agonists may also attenuate the
increase in intraocular pressure associated with
laryngoscopy and tracheal intubation [60, 75, 85].
Although an early report showed that the action may
be a result of reduction in production and aug-
mentation in outflow of aqueous humour [83], this
has yet to be established. The imidazoline preferring
receptor has also been implicated in this action [113].

Experimental application of alpha, agonists and
antagonists in the study of neuroprotection from
cerebral ischaemia has resulted in conflicting data.
Hoffman and colleagues [71, 72] reported that the
alpha, agonists clonidine and dexmedetomidine
improve outcome from incomplete global ischaemia.
On the other hand, Gustafson and colleagues [65,
66] demonstrated that idazoxan, an alpha2 antag-
onist, could also protect against global ischaemia.
This apparent paradox may be reconciled by a recent
report [92] that both idazoxan and rilmenidine
(alpha2 antagonist and agonist with affinity for the
imidazole-preferring receptor) can exert a protective
effect against cerebral ischaemia. The authors
hypothesized that the imidazole-preferring receptor,
and not alpha2 receptors, are involved in the
neuroprotective mechanism.

Cardiovascular system. The action of alpha,
agonists on the cardiovascular system may be classi-
fied as peripheral or central. Alpha2 agonists inhibit
noradrenaline release from peripheral prejunctional
nerve endings and this property, in part, contributes
to the bradycardiac effect of alpha, agonists [37]. At
present, there is no evidence to support the existence
of postsynaptic alpha, receptors in the myocardium

[45, 74]; therefore, direct effects of alpha2 agonists
on the heart are doubtful. Postjunctional alpha2
receptors are present in both arterial and venous
vasculature where they produce vasoconstriction
[125]. Among the different vascular beds, the effect
of alpha2 agonists on the coronary circulation is
important. A putative vasoconstrictive action of
alpha2 agonists on the coronary vasculature would
not be favourable in the ischaemic heart [31,97]:
however, these agonists can ameliorate any direct
constriction by reducing sympathetic outflow [70].
Furthermore, alpha2 agonists have been documented
to release endothelial derived relaxant factor in
coronary arteries [32] and to enhance coronary blood
flow induced by endogenous and exogenous adeno-
sine in an in vivo model [73]. Thus the effect on
coronary arteries may be too complicated to dis-
tinguish clear changes in coronary blood flow in an
in vivo model [130].

Central mediated hypotensive and bradycardiac
effects of clonidine have been well recognized. The
mechanism for these actions may involve inhibition
of sympathetic outflow and the potentiation of
parasympathetic nervous activity. However, the
precise mechanism involved in these actions is not
well understood. While the nucleus tractus solitarius
(a site known to modulate autonomic control,
including vagal activity) is an important central site
for the action of alpha2 agonists [84], other nuclei,
including the locus coeruleus [141], the dorsal motor
nucleus of vagus [122, 148] and the nucleus retic-
ularis lateralis [50, 143] may also mediate hypo-
tension, bradycardia, or both. It has been docu-
mented [20, 21, 142] that imidazole-preferring re-
ceptors play an important role in the hypotensive
effect of alpha2 agonists.

Alpha2 agonists also have anti-arrhythmic proper-
ties. For example, dexmedetomidine prevents
adrenaline-induced arrhythmias during halothane
anaesthesia [68]. Not only central alpha2 receptors,
but imidazole-preferring receptors are involved [69].
The anti-arrhythmic effect is abolished in vagot-
omized animals [78].

The effect of alpha2 agonists on the cerebral
circulation during anaesthesia has been studied.
Zornow and colleagues [156] and Karlsson and
colleagues [80] demonstrated that dexmedetom-
idine decreases cerebral blood flow in dogs anaes-
thetized with isoflurane and halothane. This charac-
teristic may be favourable in protecting the brain
from an abrupt increase in blood flow. This idea has
been supported by a recent report by McPherson
and Traystman [91], who showed that dexmede-
tomidine blunts the cerebrovascular response to
hypoxic hypoxia during isoflurane anaesthesia.

Respiratory system. The respiratory depressant
effects of clonidine are not remarkable unless massive
doses are given [8, 102]. Eisenach reported that i.v.
clonidine induces an hypoxic effect in ungulates and
concluded that aggregation of platelets is responsible
for this mechanism in this animal species [47].
Although alpha2 agonists may cause mild respiratory
depression [98], the effect of clonidine is less than
that of opioid narcotics [58]. In clinically appropriate
doses, respiratory depression may not be detected
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TABLE I. Preanaesthetic application of alpha 2 adrenergic agonists

Drug Route (dose) Effect Reference

Clonidine

Clonidine

Clonidine

Clonidine

Clonidine

Clonidine
Clonidine
Clonidine
Clonidine
Clonidine

Clonidine

Clonidine

Dexmedetomidine

Dexmedetomidine

Oral (300 ug)

Oral (200 ug)

Oral (300 ug)

Oral (5 ug kg"1)

Oral (200-300 ug)
+ n.g. (200-300 ug)

Oral (5 ng kg'1)
Oral (225-375 ug)
Oral (600 ug)
Oral (150 ug)
Oral (5 ug kg"1)

Oral (5 ug kg'1)

Oral (4.7 ug kg"1)

I.v. (O^ngkg-1)

I.m. (l.Ongkg"1)

Sedation [153]
Reduction in anxiety
Decreased methohexitone
Reduction in anxiety [26, 28]
Postoperative analgesia
Sedation [85]
Reduction in anxiety
Reduction in intraocular pressure
Decreased fentanyl by 45 % [61]
Decreased haemodynamic response to intubation
Decreased sufentanil by 40% [57]
Haemodynamic stability
Decreased catecholamines
Decreased droperidol [49]
Decreased thiopentone by 20% [104]
Decreased propofol [121]
Prolonged tetracaine spinal anaesthesia [106]
Reduction in intraocular pressure [60]
Decreased haemodynamic response to intubation
Decreased isoflurane by 30%
Decreased fentanyl by 60-75 %
Haemodynamic stability
Decreased haemodynamic response to intubation [59]
Decreased isoflurane by 40 %
Decreased fentanyl by 75 %
Haemodynamic stability
Decreased catecholamines [115]
Haemodynamic stability
Decreased isoflurane by 25 % [7]
Decreased haemodynamic response to intubation
Decreased thiopentone by 17 % [ 1 ]
Decreased catecholamines

except with hypercapnic respiratory response studies
[109]. There is no potentiation by clonidine of
opioid-induced respiratory depression [11,77]. In
addition, nebulized clonidine attenuated broncho-
constriction in asthmatic patients [89].

Endocrine system. Alpha2 agonists potentiate the
secretion of growth hormone [64]. Although a precise
mechanism for this action has not been elucidated,
Deveasa and colleagues [40,41] suggested that alpha2
receptor activation is coupled to growth hormone
releasing factor. Alpha2 agonists which possess an
imidazole ring in their structure may produce
inhibition of steroidogenesis. However, at clinical
doses, this effect is not likely to have serious
consequences [95]. Alpha2 agonists decrease sym-
pathoadrenal outflow and these agents may suppress
the stress response after surgical stimulation [87].
While in vitro studies indicate that alpha2 agonists
regulate catecholamine secretion in the adrenal
medulla [67, 150], this effect has been questioned by
others [114, 120]. The alpha2 agonists also inhibit
the release of insulin from the pancreatic beta cells
directly [9]; again, this effect is not troublesome in
clinical situations [93].

Gastrointestinal system. Decreased salivary flow is
one of the advantages of the use of alpha2 agonists
as premedication [79]. Alpha2 agonists may modulate
release of gastric acid via a presynaptic mechanism
[14]; yet no significant change in gastric pH is
observed in humans [104]. The alpha2 agonists may
also prevent intestinal ion and water secretion in the
large bowel, indicating an effective treatment for
watery diarrhoea [90].

Renal system. Alpha2 agonists induce diuresis. In-
hibition of release of antidiuretic hormone (ADH)
[111], antagonism of the renal tubular action of
ADH [135] and increase in the glomerular nitration
rate [138] have each been implicated in this mech-
anism. Recently, alpha2 agonist-induced release of
atrial natriuretic factor has also been suggested to
contribute to the diuretic mechanism of alpha2
agonists [30].

Haematological system. Aggregation of platelets is
induced by alpha2 agonists [124]. In the clinical
setting, this is largely offset by the decrease in
circulating catecholamines.

Use of alpha2 agonists in anaesthetic practice

Preanaesthetic administration (table I). Since seda-
tion and anxiolysis are necessary attributes of pre-
medication, administration of alpha2 agonists suits
this purpose well [ 1,6,7,28,85,153]. Another benefit
of alpha., agonists as premedication are their ability to
potentiate the anaesthetic action of other agents and
to reduce anaesthetic requirements during surgery.
This effect is observed universally, regardless of the
type of anaesthetic, i.v., volatile or regional block.
For example, Ghingnone and colleagues [61] re-
ported that premedication with oral clonidine 5 ug
kg"1, reduced fentanyl requirements for induction
and intubation by 45% in patients undergoing
aortocoronary bypass surgery. In a similar patient
population, Flack and colleagues [57] demonstrated
that clonidine reduced sufentanil requirement by
40%. Engelman and co-workers [49] showed that
preoperative clonidine 5 ug kg"1 decreased the dose
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TABLE II. Perioperative application of alpha2 adrenergic agonists

Drug

Clonidine

Clonidine

Clonidine
Clonidine
Clonidine
Clonidine
Clonidine

Clonidine

Route (dose)

Transdermal patch

I.v. (7 ug kg"1)

I.v. (4 (ig kg"1+ 2 ngkg"1 h"1)
Intrathecal (150 ug)
Intrathecal (75, 150 ug)
Extradural (150 ug)
Extradural (90, 180 ug)

I.v. (5 ^ kg"')

Effect

Decreased isoflurane
Haemodynamic stability
Postoperative analgesia
Postoperative decreases in
catecholamines and vasopressin

Haemodynamic stability
Less postoperative shivering
Potentiation of morphine analgesia
Prolonged bupivacaine spinal anaesthesia
Prolonged tetracaine spinal anaesthesia
Potentiated lignocaine extradural anaesthesia
Sedation
Haemodynamic stability
Decreased oxygen consumption

Reference

[131]

[116]

[38]
[118]
[19]

[146]
[99]

[117]

of droperidol necessary to maintain haemodynamic
stability in aortic surgery patients. Doses of thio-
pentone and propofol required for induction are
also reported to be reduced by preanaesthetic
treatment by clonidine and dexmedetomidine [1,3,
4, 104, 121]. This characteristic may facilitate more
rapid emergence from anaesthesia. In addition, oral
clonidine 150 ug may prolong tetracaine spinal
anaesthesia [106].

Alpha2 agonists have been known to attenuate
stress-induced sympathoadrenal responses. Minim-
izing haemodynamic changes after tracheal intu-
bation and the noxious stimuli from surgery is an
important goal for the anaesthetic care of the surgical
patient. Carabine, Wright and Moore [28] suggested
that clonidine 200 ug was a suitable dose and that
larger doses did not offer any further advantage.
Others have recommended larger doses of clonidine
[60, 85, 153]. The efficacy of dexmedetomidine has
been studied extensively in Finland. I.v. admin-
istration of the drug, in doses ranging from 0.3 to
0.6 ug kg"1, provided optimal premedication effects
[3,4,7,75,128]. Aantaa and co-workers [1,2]
studied i.m. dexmedetomidine, a clinically more ap-
propriate route of administration, and showed that a
dose of 1.0 ug kg"1 was adequate. However, the
sedative effects may outlast the surgery at these
doses. Flacke and colleagues [57] reported that
the haemodynamic variables in patients undergoing
aonocoronary bypass surgery were more favourable
despite the fact that smaller doses of narcotics were
used. Ghingnone and co-workers [61] corroborated
these findings in a similar patient population. While
these features also applied to patients undergoing
aortic surgery [49, 115], this favourable property was
absent in patients undergoing carotid artery surgery
[112]. The successful application of alpha2 agonists
to geriatric patients is established [60, 85], but this
therapy has not been extended to a paediatric
population.

Addressing possible disadvantages of alpha2 agon-
ists as premedication, oral clonidine 300 ug did not
affect tidal volume, ventilatory frequency or end-tidal
carbon dioxide tension, but did attenuate the
ventilatory response to carbon dioxide, suggesting
that clonidine has a potential respiratory depressant
effect [12]. On the other hand, Bailey and colleagues
[11] demonstrated that oral clonidine 4-5 ug kg"1 did

not depress the response to carbon dioxide. Similar
findings have been reported by Jarvis and co-workers
also [77]. Furthermore, these two reports demon-
strated that oral clonidine did not potentiate res-
piratory depression exerted by opioids. Another
common risk with the use of alpha2 agonists is
excessive cardiovascular depression, namely brady-
cardia and hypotension. These complications were
described in several reports [1,2, 28]. Atropine is the
treatment of choice for bradycardia, but it should be
noted that large doses of oral clonidine, 5 ug kg"1,
attenuate the effect of atropine [100]. On the other
hand, clonidine potentiates the pressor effect exerted
by ephedrine [101].

Intraoperative administration (table II). Although
alpha2 agonists have potent analgesic and sedative
effects, these agents have not been used during
operation in lieu of the usual anaesthetic agents.
Thus far, there are only a few reports describing
intraoperative administration of alpha2 agonists.
Segal and co-workers [131] examined the efficacy of
systemic clonidine. They reported that the com-
bination of oral and transdermal clonidine (which
maintained the plasma concentration of clonidine at
therapeutic concentrations) provided smaller an-
aesthetic requirements, greater haemodynamic stab-
ility, more rapid recovery from anaesthesia and less
postoperative requirement for supplementary mor-
phine for pain control in patients undergoing lower
abdominal surgery. Quintin and colleagues [116]
reported that in patients undergoing abdominal
aortic grafting, perioperative infusion of clonidine
7ugkg"' over 120 min after aortic declamping,
reduced noradrenaline, adrenaline and vasopressin
concentrations during the recovery period. They
concluded that although there was greater haemo-
dynamic stability, larger fluid volumes were required
during the postoperative period. Also, intraoperative
clonidine infusion (a loading dose of 4 ug kg'1

following 2 ug kg"1 h"1 until closure of the per-
itoneum) may enhance the quality of postoperative
analgesia by morphine [38]. A significant reduction
in postoperative shivering episodes by clonidine
treatment is also a consequence of this regimen.

Alpha2 agonists may also be administered by the
intrathecal or extradural route to potentiate local
anaesthetic agents. Racle and colleagues [118]
showed that intrathecal clonidine 150 ug prolonged
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TABLE III . Postoperative application of alpha2 adrenergic agonists

Drug

Clonidine
Clonidine
Clonidine

Clonidine

Clonidine
Clonidine
Clonidine
Clonidine
Clonidine
Clonidine
Clonidine
Clonidine

Clonidine
Dexmedetomidine

Route (dose)

Extradural (2 ug kg"1)
Extradural (150 ug)
Extradural (100-900 ug)

Extradural (400 ug + 20 ug rr ' )

Extradural (150 ug + 50 ug h"1)
Extradural (150 ug)
Extradural (150 ug)
Extradural (150 ug)
Intrathecal (150 ug)
I.m. (2 ug kg"')
I.v. (150 ug)
I.v. (5 ug kg"' +0.3 ug kg'1 h"1)

I.v. (2 ug kg"1)
I.v. (0.2, 0.4 ug kg"')

Effect

Postoperative analgesia
Postoperative analgesia
Postoperative analgesia
Haemodynamic depression
Sedation
Less postoperative morphine
Sedation
Prolonged local anaesthetics
Postoperative analgesia
Prolonged extradural fentanyl
Prolonged extradural bupivacaine
Potentiated extradural morphine
Postoperative analgesia
Postoperative analgesia
Postoperative analgesia
Postoperative analgesia
Haemodynamic depression
Decreased oxygen consumption
Less postoperative morphine
Less postoperative shivering
Sedation
Haemodynamic depression

Reference

[17]
[53]
[46]

[96]

[27]
[123]
[25]
[27]
[56]
[17]

[145]
[13]

[39]
[6]

bupivacaine spinal anaesthesia in elderly patients
undergoing hip surgery and this technique was
superior to the addition of adrenaline 200 ug to
bupivacaine. Bonnet and co-workers [19] demon-
strated that clonidine prolonged tetracaine spinal
anaesthesia dose-dependently. Concerning extra-
dural anaesthesia, addition of clonidkie to extradural
lignocaine was reported to increase its anaesthetic
potency. Another advantage of extradural clonidine
during surgery is the provision of sedation and
relative haemodynamic stability compared with plain
lignocaine or lignocaine with adrenaline [99].

Postoperative administration (table III). The
potent analgesic properties of alpha2 agonists provide
improved pain control in postoperative patients.
Extradural administration is the most common route
and has been investigated thoroughly. The efficacy
of clonidine after operation depends on the dose and
the severity of postoperative pain. In an early clinical
study, Gordh [63] failed to demonstrate a significant
analgesic effect of extradural clonidine 3 ug kg~' in
patients after thoracotomy. However, Bonnet and
colleagues [18] observed that extradural clonidine
2 ug kg"1 produced brief but significant pain relief
after peripheral orthopaediatric surgery. Recently,
van Essen and co-workers [53] reported that extra-
dural clonidine 150 ug produced postoperative an-
algesia in patients undergoing abdominal hyster-
ectomy. On the other hand, Eisenach, Lysak and
Viscomi [46] examined the analgesic effect of
extradural clonidine 100-900 ug in 100-ug incre-
ments, in patients after total knee arthroplasty or
abdominal surgery. Analgesia was estimated by
verbal pain score and the need for supplementary i.v.
morphine. Clonidine produced analgesia in a dose-
dependent manner, achieving complete pain relief
for up to 5 h without sensory or motor block at the
largest dose (700-900 ug). However, larger doses
were associated with disadvantages, including hy-
potension, bradycardia and transient sedation.
Penon, Ecoffey and Cohen [109] reported that
extradural clonidine 300 ug decreased the slope of

the ventilatory response to carbon dioxide without
changing end-tidal carbon dioxide, ventilatory fre-
quency or minute ventilation. To reduce the side
effects without affecting the analgesic property,
continuous extradural administration after bolus
injection of clonidine (800 ug bolus followed by
20 fig h"1) is advocated as an alternative method [96].
With this continuous treatment, more than 6 h of
analgesia was seen after Caesarean section. In
comparison with single dose clonidine administra-
tion, several reports describe the effectiveness of
combining extradural administration of clonidine
with local anaesthetics or opioids. Adding 150 ug of
clonidine to extradural fentanyl, morphine and
bupivacaine resulted in longer duration of post-
operative analgesia [25, 27, 123]. Furthermore, these
combinations may reduce the effective dose of
clonidine, resulting in less side effects. In addition, a
recent report described the efficacy of intrathecal
clonidine 150 ug as the sole analgesic agent after
Caesarean section without remarkable side effects
[56].

Systemic adminstration of clonidine for post-
operative analgesia has also been reported. Bonnet
and colleagues [17] compared the analgesic effect
(visual analogue scale) of i.m. clonidine 2 ug kg"1

with the same dose of extradural clonidine after minor
operations (orthopaedic or perineal surgery). Both
onset and duration of analgesia after i.m. clonidine
were comparable with extradural clonidine. In
addition, although the peak plasma concentration of
clonidine was greater in the i.m. group, side effects,
including hypotension, bradycardia and drowsiness,
were similar. Another possible route of systemic
administration of alpha, agonists for postoperative
analgesia is i.v. Tryba, Zenz and Strumpf [145]
reported that clonidine 150 ug i.v., produced a
similar analgesic effect to morphine 5 mg, in
patients after orthopaedic operations. However,
Striebel, Gottschalk and Kramer [139] could not
demonstrate an analgesic effect of clonidine in
patients after cholecystectomy. Aho and co-workers
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[7] compared the analgesic effect of i.v. dexmedetom-
idine 0.2 and 0.4 ug kg"1 with that of oxycodone
60 ug kg"1 or diclofenac 250 ug kg"1 in women under-
going laparoscopic tubal ligation. They showed that
dexmedetomidine 0.4 ug kg"1 produced a compar-
able effect to oxycodone, but drowsiness and brady-
cardia were present in the dexmedetomidine groups
which, they suggested, may limit its usefulness. On
the other hand, Bernard and colleagues [13] docu-
mented the efficacy of i.v. clonidine after major
surgery. Their clonidine treatment regimen (5 ug
kg"1 infused in the first 1 h followed by 0.3 ug kg"1

h"1) was effective for pain relief in patients after
extensive spinal surgery. They cautioned that ad-
equate filling pressure must be maintained to prevent
arterial pressure reduction.

Perioperative, as well as postoperative, admin-
istration of clonidine may decrease oxygen con-
sumption and episodes of shivering during recovery
from anaesthesia [39, 116, 117]. This feature pro-
vides further justification for using this agent in
patients with coronary artery disease [57].

Miscellaneous usage. Because of their potent an-
algesic properties, alpha2 agonists may be useful in
the relief of pain other than in the postoperative
period. Extradural clonidine produces effective an-
algesia in a dose-dependent fashion (100-900 ug) in
patients with neuropathic pain with few side effects
[48]. Extradural clonidine is a useful therapeutic
adjunct in the management of patients with re-
fractory reflex sympathetic dystrophy also [119].
Anecdotal reports demonstrate that intrathecal cloni-
dine in combination with morphine or hydro-
morphine may attenuate cancer pain as well as
opioids alone, and the combination was an excellent
alternative approach to control of terminal pain [33,
52]. One case report suggested that intrathecal
clonidine is effective, even if tolerance to intrathecal
morphine has developed [34]. This phenomenon
indicates the possibility that temporary pain control
may be provided by clonidine to allow the morphine
tolerant patient to recapture their sensitivity to
morphine.
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