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Axillary plexus block 
using a peripheral nerve 
stimulator: single or 
multiple injections 

This prospective, randomized, double-blind study was under- 

taken to evaluate the success rates of  axillary brachial plexus 

block performed with the help of  a peripheral nerve stimulator 

when either one, two or four of the major nerves of  the brachi- 
al plexus were located. Seventy-five patients undergoing upper 

limb surgery were randomly allocated to one of  the following 

five groups according to the nerve and number of  nerves to be 

located; G-I: musculo-cutaneous, radial, median and ulnar 

nerves; G-2: musculo-cutaneous plus one of  the other three 

nerves; G-3: radial nerve; G-4: median nerve; G-5: ulnar 

nerve. The sensory block was evaluated before surgery and 

cutaneous anaesthesia was considered to be present when the 

needles of  a Wartenberg Pinwheel were no longer felt in all 
the dermatomes of  the nerves implicated in the surgical site. 

Otherwise, the block was considered to need completion before 

surgery. Only one out of  the 15 patients in G-1 and G-2 need- 

ed completion of  their block before surgery whereas seven out 

o f  15 for G-3 and eight out of  15 for  G-4 and G-5 needed 

completion of  their block (P < 0.01). We conclude that when 

performing an axillary block with the help of  a peripheral 

nerve stimulator, stimulation of the musculo-cutaneous nerve 

and one other nerve or stimulation of  all four major nerves of  

the brachial plexus gives a higher success rate than stimulation 

of  only one nerve, whether the stimulated nerve is the median, 

radial or ulnar. 
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La prdsente dtude enes t  une prospective, avec distribution au 

hasard, et gl double insu. Elle avait pour but d'dvaluer l'in- 

fluence du nombre et de la nature des nerfs stimulds lorsque 

le bloc du plexus brachial est rdalisd par approche axillaire 

l' aide d' une technique de neurostimulation. Soixante et quinze 

patients soumis ~une  chirurgie du membre supdrieur ont dtd 

distribuds de fa fon aldatoire dans l'un des cinq groupes 

suivants selon le nerf et le nombre de nerfs localisds par 

neurostimulation ; G-1 : nerfs musculo-cutand, radial, mddian 

et cubital ; G-2 : nerfs musculo-cutand, et l'un des trois autres 

nerfs majeurs du plexus brachial (mddian, radial ou cubital) ; 

G-3 : nerf radial; G-4 : nerf median; G-5 : nerf cubital. Le 

bloc sensitif a dtd dvalud avant la chirurgie et une anesthdsie 
cutande dtait considdrde prgsente quand les aiguilles d'une 

roulette de Wartenburg n'dtaient plus perfues dans tousles  

territoires cutands des nerfs impliquds dans le site chirurgical. 

Sinon, le bloc a dtd considdrd comme devant ~tre compldtd. Un 

seul patient sur 15 dans les G-I et 2 a ndcessitd un compld- 

merit de son bloc avant la chirurgie, alors que sept patients sur 

15 dans le G-3 et huit sur 15 dans les G-4 et 5 ont ndcessitd 

un tel compldment avant la chirurgie (P < 0.01). Nous con- 

cluons que lorsque nous rdalisons un bloc axillaire avec l' aide 

d'un stimulateur nerveux pdriphdrique, la stimulation du nerf 

musculo-cutand et de l'un des trois autres nerfs majeurs du 

plexus brachial, ou la stimulation des quatre principaux nerfs 

du plexus brachial conduisent dun  taux de rdussite plus dlevd 

que la stimulation d'un seul nerf que ce soit le mddian, le 
radial ou le cubital. 

The use of  a peripheral nerve stimulator (PNS) to assist 
in the performance of  the axillary approach to brachial 
plexus block is well described and is one of  several 
techniques used. 16 Its use has been advocated in view of  
possible risk of  neurological damage associated with 
paraesthesia. 7 However, in two studies comparing periph- 
eral nerve stimulation with either paraesthesia and trans- 
arterial fixation technique 8 or with paraesthesia and 
insertion of  a catheter into the brachial plexus sheath 
technique 9 there was no difference in success rates 
among the techniques studied. Considering that only one 
nerve was located in the first study 8 and that one to three 
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nerves were located in the other, we undertook this 
prospective, double-blind study in order, firstly, to evalu- 
ate the influence of locating one nerve, two nerves or the 
four main nerves branches of the brachial plexus on the 
success rate of an axillary block performed with a PNS 
and, secondly, to evaluate the influence of the nerve 
branch located on the success rate of the technique. 

Methods 
With approval of the institutional review board and after 
obtaining written informed consent, 75 patients undergo- 
ing upper limb surgery were randomly allocated into one 
of the following five groups of 15 patients each, accord- 
ing to the nerve(s) located with the PNS: G-l:  musculo- 
cutaneous (M-C), radial, median and ulnar nerves; G-2: 
M-C and one of the three other nerves directly related to 
the surgical site; G-3: radial nerve; G-4: median nerve; 
G-5: ulnar nerve. The choice of the nerve for Groups 3, 
4 and 5 was irrespective of the surgical site. 

The axillary block was performed in all patients, as 
follows: after locating, by palpation, the axillary artery 
in the axilla, 2 ml of lidocaine 2% were injected between 
the skin and the axillary artery. A 22-gauge insulated 
needle connected to a Bard PNS was used to locate the 
nerve(s) according to the specific twitches elicited by 
their stimulation: M-C located in the coraco-brachialis 
muscle: arm flexion; radial: arm and finger extension, 
supination; median: wrist, 2nd and 3rd finger flexion, 
pronation; ulnar: 4th and 5th finger flexion, thumb ad- 
duction. A current of 0.5 mA was used at a frequency of 
I Hz. Preservative-free lidocaine 1% (Astra Co.) was 
used. Adrenalin 1:200,000 was freshly added and, when 
the injection of 1-2 ml of local anaesthetic immediately 
stopped the twitches, the location was considered 
adequate. In order to standardize the volume among 
patients, the total volume used was 30 ml- m -2 of body 
surface, which was about 50 ml for a 70 kg person 
(Table I). This volume was divided equally among the 
nerves, if more than one nerve was located (G- 1 and 2). 

The anaesthetist performing the block was aware of 
the site of surgery but another anaesthetist unaware of 
the patients' group evaluated the sensory and motor 
blocks as follows: after the end of the axillary block 
technique, every five minutes and for 30 min, each der- 
matome of the upper limb was evaluated with a Warten- 
berg pinwheel. Cutaneous anaesthesia was considered to 
be present when the needles of the pinwheel were no 
longer felt. The motor block was evaluated once at the 
end of the 30-min period. The motor block was estimat- 
ed as being 0, 33, 66 or 100%: 100%, no movement at 
all of the upper limb against gravity; 66%, flexion and/or 
extension movements in the hand but not in the arm; 
33%, flexion and/or extension movements in both the 

hand and the arm against gravity but not against resis- 
tance; 0%, flexion and extension movements in both the 
hand and the ann against resistance. 

Using the sensory evaluation, the block was either 
estimated to be complete or was completed before sur- 
gery. The block was considered to be complete if the 
dermatomes of the nerves implicated in the surgical site 
were anaesthetised. All the nerves of the surgical site 
including those of the skin, the muscles and the bones 
were considered. The block was evaluated as incomplete 
and in need of completion before surgery if one of the 
nerves of the surgical site was not anaesthetized. The 
block was completed by locating the nerves at the elbow 
or in the axillary sheath and injecting 5 ml of preserva- 
tive-free lidocaine 1% with adrenaline 1:200,000 near 
that nerve. 

Statistical analyses included analysis of variance and 
Fisher's LSD tests for parametric variables, such as age 
and body surface area, and Kruskal-Wallis and Mann- 
Whitney U-tests for non-parametric variables, such as 
sex, surgical site, sensory and motor blockade. A P < 
0.05 was considered to be significant. 

Results 
No difference among the groups were found with regard 
to age, sex, volume of local anaesthetic and surgical site 
(Table I). 

Patients belonging to the single nerve groups (3, 4 and 
5) were more likely to need completion of their block 
(Table II), compared with the multiple nerve groups (1 
and 2) (P < 0.01). 

The degree of motor blockade was more intense in 
group 1 than in Groups 3, 4 and 5 (P < 0.05) (Table III). 

Discussion 
In the present study, the technique of axillary block 
using a PNS was found to produce more complete sen- 
sory block when the four major nerves of the brachial 
plexus  were  located,  or w h e n  the muscu lo -cu t aneous  

nerve and one other nerve were located. When only the 
median, radial, or the ulnar nerve was located, this pro- 
duced only a 50% success rate, according to our criteria: 
no nerve among the three was superior. Stimulation of 
the M-C nerve alone was not studied because of its 
location outside the nervous axillary sheath in the axilla, 
neither was stimulation of two nerves inside the axillary 
sheath performed because of the anatomical basis for 
single injection techniques inside the axillary sheath. 6'1~ 
In fact, according to the basic theory of single injection 
techniques, a single injection of local anaesthetic inside 
the sheath, whether the injection is near the radial (G-3), 
median (G-4) or ulnar (G-5) nerves, should spread and 
eventually reach all the nerves. As more than one is 
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TABLE I Demographic data, local anaesthetic volume, surgical site* 
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Groups 

1 2 3 4 5 

Age (mean --- SD) 
Sex (M/F) 
BSA (m 2) (mean ___ SEM) 
Volume of anaesthetic (ml) (mean _ SEM) 
Surgical site~ (nerves implicated) (n (range)) 
Musculo-cutaneous nerve implication in the 

surgical site (n/15) 

43 --- 15.4 42 _+ 17.2 40 - 18.4 41 --- 19.6 39 _+ 15.1 
I I/4 10/5 5/10 7/8 8/7 
1.75 __. 0.16 1.72 ~ 0.24 1.70 + 0.15 1.73 _ 0.23 1.65 _ 0.21 
52.5 --+ 4.8 51.6 +-- 7.2 51 4- 4.5 51.9 +__ 6.9 49.5 _-. 6.3 
2 (1-3) 2 (I-3)  2 (2-3) 2 (I-3)  2 (I--4) 

5 8 5 5 5 

*No significant difference among groups. 
tSkin, soft tissues, bones considered (not the tourniquet) 

TABLE II Sensory blockade 

Groups 
Axillary blocks 
needing completion 1" 2* 3 4 

Yes (n) I 1 7 8 8 
No (n) 14 14 8 7 7 

Total (n) 15 15 15 15 t5 

*G-I or G-2 vs G-3, G-4 or G-5: P <0.01. 

TABLE Ill Motor blockade 

Group 

1 2 3 4 5 

0% (n) 0 2 2 5 4 
33% (n) 2 3 4 3 7 
66% (n) 7 6 8 3 1 
t00% (n) 6 4 1 4 3 

G-I  vs G-3, 4 and 5: P < 0.05. 

usually implicated in the surgical site (Table I), the nerve 
located should not be so important. The results were, in 
fact, the same for the three groups where only one nerve 
was stimulated. 

The success rate following stimulation of the four 
major components of the brachial plexus might appear to 
have been anticipated. However, the good results follow- 
ing stimulation of the M-C nerve with one of the three 
other nerves implicated in the surgical site (G-2) are 
more difficult to understand. Some of the local anaes- 
thetic from the M-C nerve may have diffused into the 
axillary sheath. When the M-C nerve is located, it is 
very high in the axilla, and the other nerves are probably 
close to it. This success could also have been related to 
the block of the M-C which is responsible for the inner- 
vation of a large area of skin over the forearm and it 
also innervates part of the humerus. II This nerve was 

involved in the surgical site in about one third of the 
patients in each of the five groups (Table I). Tolerance 
to the tourniquet was not evaluated in the present study, 
but we suspect that this tolerance is partly related to the 
block of the M-C nerve, via its innervation of the biceps 
muscle. 

Another aspect of the present study was the poor 
results of the groups where single injections were used 
(G-3, 4, 5), despite the improved results which have 
been reported with single injection techniques. 6 The 
present study is supported by at least one other which 
showed that increasing the number of nerves stimulated 
or the number of paraesthesia elicited increased the 
success rate of axillary block. 9 In two other studies of 
axillary blocks with the aid of a PNS, single injection 
also resulted in a success rate of only 50%. 8,9 One expla- 
nation might be that eliciting a twitch with a PNS does 
not imply that the tip of the needle is in the axillary 
sheath, and an adequate block of all the major compo- 
nents of the brachial plexus, particularly the M-C 
nerve, ~2 may not be achieved. Another factor could be 
that 30 min is too short a time for a single injection to 
spread everywhere inside the axillary sheath. This time 
was arbitrarily chosen because, waiting for more than 30 
min after completion of block for anaesthesia is not 
convenient. Blind insertion of a needle high in the axilla, 
by an experienced anaesthetist, may allow a more con- 
stant location of the needle inside the nervous axillary 
sheath than when twitches are elicited by a PNS. There 
is still debate whether the presence of septa could pre- 
vent free diffusion of local anaesthetic to all the nervous 
structures with single injection techniques.l~ 

The innervation of the upper limb is mainly attributed 
to the four nerves which were considered in the present 
study. However, three other cutaneous nerve branches 
could be implicated in the surgical site: the intercosto- 
brachial nerve and the brachial cutaneous nerves of the 
arm and forearm. In the present study, the intercosto- 
brachial nerve was never responsible for innervating the 
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surgical site and the tourniquet tolerance was not con- 
sidered. The two other nerves were implicated only 11 
times along with other nerves in the 75 patients. Anaes- 
thesia of  those nervous branches is usually achieved with 
2 ml of  lidocaine 2%, injected between the skin and the 
axillary artery, ~5 which was done in all the patients. 

In many studies, the success or failure of  a block is 
determined by whether or not surgery can be carried out. 
In the context of a study such as the present, or in the 
clinical situation, it is not appropriate for the surgeon to 
begin surgery in sites where there is no analgesia which 
is why we chose to evaluate the quality of the block 
preoperatively. The observer decided if, according to the 
planned surgery, the block was adequate. If  it was inad- 
equate, the block was supplemented, usually at the elbow 
and sometimes in the axilla. All surgery was eventually 
carried out under regional anaesthesia following 
supplementation. 

In conclusion, when performing an axillary block with 
the help of  a PNS, stimulating the M-C and one of  the 
three other major nerves of  the brachial plexus or all 
four major nerves of  the brachial plexus gives better 
results than stimulating only the median, radial or ulnar 
nerve. 
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