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Brachial plexus block 
with bupivacaine: 
effects of added alpha- 
adrenergic agonists: 
comparison between 
clonidine and 
epinephrine 

Jean J. Eledjam* MD, Jacques Deschodtt MD, 
Eric J. Viel* MD, Jean F. Lubrano? MD, 
Pierre Charavel* MD, Fran~oise d'Athist MD, 
Jacques du Cailart MD 

The effects of clonidine and epinephrine, administered into the 

brachial plexus sheath, were evaluated in 60 patients who 

underwent surgery of the upper limb. All patients received40 to 

50 ml of 0.25% bupivacaine, injected into the brachial plexus 

sheath, using the supraclavicular technique. The patients were 

randomly allocated to two groups so that 30 patients received 

150 tzg clonidine hydrochloride (Group I), and 30 received 

200 lzg epinephrine (Group II). The/fluality and the duration 

of analgesia were assessed as well as the possible side-effects. 

The block produced with the addition of clonidine was longer 

(994.2 +- 34.2 vs 728.3 +- 35.8 rain) and superior to that with 

epinephrine (P < 0.001). No major side-effects were recorded. 

We conclude that the injection of clonidine into the brachial 

plexus sheath is an attractive alternative to epinephrine to 

prolong the duration of analgesia foUowing upper limb surgery 

under conduction anaesthesia. 

Les effets de I'addition d'agents agonistes alpha-adrdnergiques 
d la bupivacai'ne lors de blocs duplexus brachial ont dt~ dvaluds 

chez soixante patients ayant une intervention chirurgicale sur le 

membre sup#rieur. L'ensemble des patients a refu 40 d 50 ml de 

bupivacafne d 0.25% pour rdaliser un bloc du plexus brachial 

par voie sus-claviculaire. Les patients du groupe I (n = 30) 

recevaient par la m@me voie 150 tzg de clonidine, ceux du 
groupe H (n = 30) 200 izg d' adrdnaline. La dur~e et la qualit~ 

de l'analg@sie sont ensuite dtudi~es ainsi que les ~ventuels effets 

adverses. Une diffdrence statistiquement significative a dtd 
retrouv~e en ce qui concerne la dur~e d'analg~sie qui #tait 

supdrieure dans le groupe clonidine (994,2 +- 34,2 min vs 728,3 

+ 35,8 min ; P < 0.001). Aucun effet adverse majeur n'est 
retrouvd. Les auteurs concluent d l'int~r@t particulier de la 

clonidine pour prolonger la dur@e d' analgdsie apr@s chirurgie du 

membre supdrieur r~alis~e sous anesth@sie rdgionale. 
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Several techniques have been used to prolong the duration 
of regional anaesthesia. Besides the continuous infusion 
of local anaesthetics through catheters and recently 
opioids as adjuvants to local anaesthetic solutions, 1 the 
addition of epinephrine appears to be the most widely 
used. 2 The prolongation of action is generally related to 
local vasoconstriction which slows down the vascular 
resorption of local anaesthetics. Vasoconstriction is relat- 
ed to the action of epinephrine on alphal-type receptors. 
Nevertheless, this action remains controversial and other 
mechanisms have been proposed. The existence of 
alpha-type receptors, which take part in the transmission 
of nociceptive stimuli at the spinal level, emphasizes a 
possible direct action of alpha-adrenergic agonists on 
neural tissues.3 These receptors are of the alpha2-type. 4-7 
Several experimental and clinical studies have shown that 
alpha2 adrenergic agonists were able to prolong the dura- 
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tion of action of local anaesthetics and/or to produce anal- 
gesia after epidural and intrathecal administration. 8-14 
Recent reports also pointed out that clonidine, an alpha2 
agonist, may have benefited patients when it was injected 
at peripheral nerve sites: after femoral nerve blocks with 
either lidocaine or bupivacaine, the analgesia obtained 
with clonidine lasted longer than analgesia obtained with 
epinephrine. 15-~6 No information is available on the 
efficacy and possible side-effects of clonidine injected 
with bupivacaine for brachial plexus blocks. 

The purpose of this randomized double-blind study was 
to compare the duration of analgesia produced by the 
addition of clonidine with that produced by epinephrine 
when injected with bupivacaine into the brachial plexus 
sheath. 

Methods 
Sixty patients, ASA physical status I-II ,  undergoing 
orthopaedic or traumatological surgical procedures of the 
upper limbs, were included in this study after approval by 
the local human investigation and ethics committee. The 
protocol was fully explained to each patient and each 
consented to the procedure. All patients were aged 18 yr 
or more. Excluded from the study were patients with a 
history of cardiac, respiratory, hepatic and/or renal 
failure, and women who were pregnant. Patients known 
to be sensitive or allergic to one of the study medications 
were also excluded. Patients with the usual contraindica- 
tions to brachial plexus block, such as clotting disorders 
and cutaneous infections, were not included in the study. 

All patients fasted for six to eight hours before surgery. 
Premedication consisted of flunitrazepam 1 to 2 mg orally 
60 to 90 min before anaesthesia. An 18-gauge cannula 
was inserted into a vein of the contralateral forearm. 
Brachial plexus block was performed using the supracla- 
vicular technique with 0.25% bupivacaine. The volume 
of bupivacaine was determined according to the body 
weight (BW) of the patients; 40 ml (100 mg) if BW < 60 
kg, 45 ml (112.5 mg) i f60 < BW < 75 kg, 50 ml (125 
mg) if BW > 75 kg. The patients were randomly allocated 
to two groups of thirty patients each. One of the two 
adrenergic agonists studied was mixed with the local 
anaesthetic solution in the same syringe. Patients in 
Group I (n = 30) received 0.2 mg epinephrine (E) and 
those in Group II (n = 30) received 0.15 mg clonidine 
(CLO). The amount of  liquid added to the local anaesthe- 
tic solution was small (1 ml) so that it could not affect the 
concentration of bupivacaine. Two experienced staff 
anaesthetists were involved in this double-blind study: 
one prepared the anaesthetic solution and performed the 
brachial plexus block while the other, unaware of the 
anaesthetic solution in use, evaluated the study variables. 

None of the patients received intravenous medications 
that could induce sedation. 

The following criteria were assessed in the operating 
room: (i) the time to onset of sensory blockade (SB) 
according to a three-point score (O: no block; SBI: 
sensory blockade with persistence of touch; SB2: com- 
plete sensory blockade); (ii) the time to onset of motor 
blockade (MB) according to a three-point scale (0: no 
block; MBI: motor blockade in at least three nerve 
territories of the upper limb; MB2: complete motor 
blockade). Using an automatic blood pressure measuring 
device, systolic (BPs) and diastolic (BPd) blood pressure 
and heart rate (HR) were measured throughout the 
experiment especially before anaesthesia (TO) and at 10, 
15 and 30 min (T10, T15, T30). The quality of analgesia 
was assessed during surgery, in the recovery room and in 
the surgical ward every 15 min according to a three-point 
scale: 1, good or very good analgesia; 2, tolerable pain; 3, 
unsatisfactory or no analgesia. The existence of good 
analgesia was used to determine the duration of analgesia. 
If the patient began to experience pain, it was considered 
that the analgesic action of the drug had terminated. We 
also considered the nurse's assessment of the patient's 
comfort and the time from injection into the brachial 
plexus sheath to the request of the patient for analgesia. 
All medications prescribed during the immediate postop- 
erative period were recorded. Contingent adverse effects 
were also noted with special attention to haemodynamic 
modifications and sedation which were studied every 15 
min as well as the quality of analgesia. 

Data were expressed as means --- SEM and compared 
using ANOVA test and Student's t test. Significance was 
assumed if P < 0.05. 

Results 
There were no significant differences between the two 
groups regarding sex, height and weight of the patients 
and in the duration of surgery (Table I). Similar surgical 
procedures were performed on both Group I and II 
patients. All patients had an adequate anaesthetic block 
for their surgery. The different stages of the onset of 
motor and sensory blockades were recorded and there 
were no differences for these variables between patients 
who received epinephrine and those who received cloni- 
dine (Table II). Conversely, the total duration of satisfac- 
tory analgesia was longer in Group II than in Group I 
(728.3 + 35.8 vs 994.2 --- 34.2 min; P < 0.001) (Table 
III). No differences were noted at any time concerning 
blood pressure and heart rate. Table IV resumed these 
variables during the first thirty minutes of the experiment. 
No side-effects were noticed in either group. In particular, 
no sedation was found in patients who received clonidine. 
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TABLE I Patient characteristics and duration of operations 
(mean • SEM) 

Group I Group H 

Sex 
Male 17 15 
Female 13 15 

Height (cm) 
Mean 166.9 • 1.6 163.9 • 3.6 
Range 153-180 144-188 

Weight (kg) 
Mean 64.03 -+ 2.2 66.3 • 2 
Range 48-97 47-87 

Duration of operation (min) 
Mean 64.3 --- 7.3 85.2 • 10.7 
Range 15-165 15-230 

TABLE II Time to onset of sensory and motor blockades (minutes) 
(means • SEM) (SB: sensory blockade; MB = motor blockade) 

Group I Group H 

SBI 
Mean 13.0 • 1.4 15.3 • 1.2 
Range 5-45 5-30 

SB2 
Mean 27.2 • 2.4 32.2 • 2.3 
Range 10-50 10-65 

MB1 
Mean 17.9 • 2.8 18.5 • 2.1 
Range 5-70 5-60 

MB2 
Mean 25.8 • 3.2 31.2 - 3.9 
Range 10-100 10-120 

TABLE III Total duration of effective analgesia (min) 
(mean --- SEM P < 0.0001) 

Group I Group 

Mean 728.3 • 35.8 994.2 • 34.2 
Range 400-1035 720-1440 

Discussion 
This study demonstrated that, when clonidine was added 
to bupivacaine and injected into the brachial plexus 
sheath, it resulted in longer analgesia than when epineph- 
rine was added. However, it was difficult to define the 
exact duration of analgesia following bupivacaine with 
either clonidine or epinephrine. Indeed, we relied on our 
patients' tolerance to pain to define the end of analgesia, 
and this end-point varied markedly among patients. 
Nevertheless, these results are in agreement with those 
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TABLE IV Systolic (BPs) and diastolic (BPd) blood pressures 
(mmHg) and heart rate (HR) (bpm) (mean - SEM) 

Group I Group H 

TO 
BPs 135.2 • 3.5 127.7 --- 6 
BPd 69.2 • 2.1 72.5 • 2.4 
HR 74.4 --- 2.34 75.1 • 2.8 

T10 
BPs 128.4 • 3.3 125.1 --- 3.7 
BPd 66.3 • 2.1 68.4 • 2.3 
HR 76.6 • 2.5 74.1 • 2.7 

T15 
BPs 128.1 • 3.4 125.7 --- 4.2 
HR 74.5 • 2.3 75.4 • 3.6 

T30 
BPs 128.4 • 2.4 122.8 • 3.8 
BPd 66.3 - 1.8 66.6 --- 2.4 
HR 73.7 • 2.3 71.2 • 2.23 

obtained by Goldfarb et al. 15 using clonidine with 

bupivacaine for femoral nerve blocks. The mechanism of 
action for such a potentiation of analgesia remains 
controversial and poorly understood. 

Clonidine, an imidazole compound, has long been used 
as an anti-hypertensive agent that produces reductions in 
blood pressure and heart rate. These effects result from 
central and peripheral alpha2 agonist activity. There is a 
reduction in sympathetic nervous system outflow 17 which 

involves the endogenous opioid system ~8 and an impair- 
ment of peripheral adrenergic neurotransmission by acti- 
vation of inhibitory presynaptic alpha2 receptors, 19 which 

leads to increased parasympathetic nervous system activi- 
ty. Clonidine has also been shown to have alpha1 agonist 
properties, 2~ so that its mechanism of action and effects 
are complex. 

Clonidine has been shown to produce analgesia in 
animals and humans via a non-opiate action on the alpha2 
receptors of the dorsal horn of the spinal cord. 5'21-23 

However, the mechanism of the prolongation of local 
anaesthetic action by clonidine when injected at peripher- 
al nerve sites is not known. We postulate three possible 
mechanisms. First, clonidine may interfere with the 
vascular resorption of local anaesthetics by producing 
vasoconstriction. Alpha2 receptor stimulation produces 
vasoconstriction in dogs, z4 cats 25 and pigs 26 but not in 

monkeys. 27 However, the alpha2 effects are different in 

various animal species and also on different types of blood 
vessels. 28 There is a different distribution of the two types 
of alpha-adrenoceptors between arteries and veins. Myers 
et  al.  29 have shown a reduction in nerve blood flow 
caused by epinephrine, but we are not aware of any 
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similar study with clonidine. The effect of clonidine on 
spinal cord blood flow is contradictory. Eisenach and 
Grice showed that the epidural injection of clonidine (17 
to 25 Ixg. kg -1) did not modify spinal blood flow in 
sheep 3~ but Gordh et al. 31 showed a reduction of 25 to 
35 % after epidural clonidine ( 10 to 30 ixg. kg- ~). Boico et 
al. have shown in humans that intrathecally administered 
clonidine (150 ~g) did not modify the vascular resorption 
of bupivacaine.32 Thus, it is unlikely that clonidine, in the 
dosages we used, could affect the pharmacokinetic 
behaviour of local anaesthetics. 

Secondly, clonidine may have a direct action on neural 
tissues, especially at the spinal level. Experimental 
studies have shown the existence of alpha2 pre- and 
postsynaptic adrenergic receptors in the substantia gelat- 
inosa of the dorsal horn of the spinal cord .  5'33-35 At this 
level, alpha2 adrenergic agonists are responsible for a 
reduction in the release of substance P from primary 
afferent neurons. 36'42 This effect is caused by a cell 
membrane hyperpolarization resulting from enhanced 
potassium conductance. 38 

The role of alpha2 adrenoceptors in the mechanism of 
the neurotransmission of pain is confirmed by the selec- 
tive antagonism of the antinociceptive effect of intrathec- 
ally applied alpha adrenergic agonists by intrathecal 
yohimbine.23 These effects on the modulation of pain are 
dependent on specific non-opiate receptors system but 
obviously there is some relationship between the various 
biochemical systems acting in the process of pain trans- 
mission. 4~ Thus, Ossipov et al. 6 have suggested that the 
alpha2 agonist system is located downstream from the 
opiate system and that opioids stimulate specific opioid 
receptors which in turn could stimulate alpha2 receptors. 
In the same way, supraspinal inhibitory pathways could 
act on dorsal horn alpha-2 adrenoceptors. 43 It has been 
suggested recently that alpha-2 adrenergic agonists pro- 
duce analgesia by activating cholinergic neurons within 
the spinal cord. 44 Finally, clonidine may act on peripheral 
nerve alpha-adrenoceptors and interfere at the presynaptic 
level with the spinal neurotransmission of pain, and/or 
through a post-synaptic alpha2 specific effect either direct 
or via the release of endogenous opioids. 45 This hypothe- 
sis deserves further study to determine whether alpha 
adrenoceptors in addition to opioid receptors 46'47 are 
present in peripheral nerve endings. 

Thirdly, clonidine may induce analgesia via a systemic 
mechanism, after vascular resorption and secondary 
distribution to the brainstem. Indeed, clonidine has been 
documented to induce same analgesia when administered 
orally, transdermally, intramuscularly or intravenous- 
ly. 14,48-51 However, the observation that there were no 
significant haemodynamic effects in our patients makes 
this suggestion unlikely. Despite the fact that the absence 

of relationship between plasma clonidine concentrations 
and analgesia has been documented in the literature, 
further studies may be necessary to measure plasma 
clonidine concentrations following injection at peripheral 
nerve sites. 

No side-effects were noted in any of our patients. There 
were no changes in blood pressure or heart rate throughout 
the study. Also, drowsiness, which is often associated 
with the use of clonidine, 14 was not apparent in our 
patients. 

In conclusion, we have shown that the addition of 
clonidine produced a longer duration of analgesia than 
epinephrine when injected with bupivacaine into the 
brachial plexus sheath. This was not associated with 
major side-effects. These findings are in agreement with 
recent reports of the potentiation of mepivacaine and 
lidocaine with clonidine in brachial plexus analgesia. 52'53 
Therefore, clonidine is an attractive option to prolong 
analgesia in the postoperative period in patients undergo- 
ing surgical procedures under conduction anaesthesia. 
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