
PPuurrppoossee::  The brachial plexus block through the humeral canal as
described by Dupré is indicated in hand and forearm surgery. This
block requires a multi-stimulation technique that emphasizes the
necessity of a rigorous and safe technique. Nerve injury associated
with regional anesthesia can entail significant morbidity for patients.
Thus, we investigated the brachial block sequence in terms of unin-
tended nerve stimulation as a surrogate of potential nerve injury. 
MMeetthhooddss::  Sixty patients were randomly allocated in two groups of
30. In Group I the radial nerve was blocked before the ulnar nerve.
In Group II the ulnar nerve was blocked before the radial nerve.
During the radial nerve approach we recorded, if present, an ulnar
nerve response. During the ulnar nerve approach we recorded, if
present, a radial nerve response. 
RReessuullttss::  In Group I while looking for the radial nerve, in 50% of
the cases, an ulnar motor response was recorded. In Group II
while looking for the ulnar nerve, a radial motor response was
recorded in 10% of the cases. 
CCoonncclluussiioonn::  Our results indicate that the radial nerve should be
blocked before the ulnar nerve when performing a brachial plexus
block at the humeral canal.

Objectif : Le blocage du plexus brachial au niveau du canal huméral,
selon la technique de Dupré, est indiqué pour des opérations à la main
et à l’avant-bras. Ce bloc nécessite une multi-stimulation, technique
qui doit être faite avec rigueur et en toute sécurité. La lésion d’un nerf
associée à l’anesthésie régionale peut donner lieu à une morbidité
importante. La séquence du bloc brachial a donc été examinée sous

l’angle de la stimulation involontaire d’un nerf, incident porteur d’une
lésion potentielle à ce nerf.

Méthode : Soixante patients ont été répartis aléatoirement en deux
groupes de 30. Dans le groupe I, le nerf radial a été bloqué avant le
nerf cubital. Dans le groupe II, nous avons fait l’inverse. Pendant l’ap-
proche du nerf radial, nous avons noté la présence ou non d’une
réponse du nerf cubital. Pendant l’approche du nerf cubital, nous
avons noté la réponse du nerf radial selon le cas.

Résultats : Dans le groupe I, pendant le blocage du nerf radial, nous
avons noté une réponse motrice cubitale dans 50 % des cas. Dans le
groupe II, pendant le blocage du nerf cubital, nous avons noté une
réponse motrice radiale dans 10 % des cas.

Conclusion : Nos résultats indiquent que le nerf radial doit être blo-
qué avant le nerf cubital quand nous réalisons un bloc du plexus
brachial au niveau du canal huméral.

HE humeral approach to the brachial
plexus has been proposed recently by
Dupré.1 The four branches of the plexus
are blocked at the junction of the proximal

and middle thirds of the arm. At this level they are
separated from each other and can be blocked one by
one. The humeral approach provides a greater success
rate compared to the axillary approach.2 Moreover,
the minimum stimulation threshold for predictable
results has been defined for the humeral route.3
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The radial nerve should be blocked before the
ulnar nerve during a brachial plexus block at the
humeral canal
[Le nerf radial doit être anesthésié avant le nerf cubital pendant un blocage du

plexus brachial au travers du canal huméral]
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Despite these benefits the technique can still expose
the nerves to injuries.

Considering the onset times of the four nerve
blocks, Gaertner confirmed Dupré’s initial nerve
blocking sequence (median, ulnar, radial and muscu-
locutaneous nerves).4

On the basis of classical anatomical descriptions, we
thought that the superficial ulnar nerve, if already
blocked, could be exposed to nerve injury during local-
ization of the deep radial nerve. Therefore we conduct-
ed this prospective, randomized study and compared
two sequences: median, radial, ulnar, and musculocuta-
neous nerves vs median, ulnar, radial and musculocuta-
neous nerves in terms of ulnar nerve stimulation during
the radial nerve localization and conversely.

MMeetthhooddss
The Medical Ethics Committee approved this
prospective study and written informed consent was
obtained for each patient. 

We defined two groups. In Group I the nerve block-
ing sequence was median, radial, ulnar, and musculocu-
taneous nerve. In Group II the nerve blocking
sequence was median, ulnar, radial, and musculocuta-
neous nerve. In Group I during the radial nerve
approach we recorded, if present, an ulnar nerve
response. In Group II during the ulnar nerve approach
we recorded, if present, a radial nerve response.

We calculated sample size based on our initial
results in two groups of ten patients. Results of the
entire study, expressed as ratios, were analyzed with
Fisher’s exact test. P < 0.05 was considered significant.
Analyses were performed with the Statxact 5 Software
(Cytel Software Corporation, Cambridge, MA, USA). 

The patients, ASA physical status I to III without
preexisting neurological illness, undergoing selective
forearm and hand surgery were randomly allocated to
one group and one of the two first authors (experi-
enced anesthesiologists). We performed these ran-
domizations with the random permuted blocks
methods.5

Patients were monitored, (pulse oximeter oxygen
saturation, non-invasive brachial pressure, electrocar-
diogram), a 20-gauge iv line was established and seda-
tion was provided with 1 or 2 mg of midazolam.

The needle puncture site is located at the junction
of the proximal and middle thirds of the arm at the
level of the brachial artery (Figure). For the median
nerve, the needle is inserted tangentially to the skin.
The expected motor response is a flexion of the wrist
and the second and third fingers, associated with a
contraction of the palmaris longus muscle. For the
ulnar nerve, the needle is redirected downward, the

expected motor response is a flexion and ulnar incli-
nation of the wrist and a flexion of the fourth and fifth
fingers. For the radial nerve the needle is withdrawn
nearly completely and redirected perpendicularly to
the skin. The expected motor response is an extension
of the wrist and fingers. For the musculocutaneous
nerve, the biceps brachialis muscle is lifted up; the
needle is inserted under the muscle, over the brachial
artery and the median nerve. The expected motor
response is a flexion of the forearm on the arm.

A 22-gauge insulated 50-mm needle (Stimuplex A
Braun, Melsungen, Germany) is used. The nerve stim-
ulator (Stimuplex HNS 11, Braun, Melsungen,
Germany) is set at 1.5 mA, 2 Hz, 0.1 msec. When
motor responses are obtained, the nerve stimulation is
progressively decreased to 0.5 mA. After careful aspi-
ration and a 1-mL test dose, the local anesthetic (8
mL of lidocaine 1.5% with epinephrine 1:200,000) is
injected at each site except on the musculocutaneous
nerve (5 mL). 

RReessuullttss
During the preliminary study we recorded five ulnar
nerve responses in Group I and one radial nerve
response in Group II. Fisher’s exact test was non signif-
icant (P = 0.141) and power was .29. Taking into
account these calculations, we needed two groups of 23
patients to obtain a power of 80%. We decided to incor-
porate 60 patients in two groups of 30 (power = .91). 

The mean age, weight and height of the 60 patients
was 33 yr (range 18–65 yr), 71 kg (range 52–95 kg)
and 172 cm (range 157–185 cm). Only two blocks
had to be completed at the elbow (one radial nerve
and one median nerve).

In Group I, while attempting to localize the radial
nerve, 15 ulnar motor responses were recorded. In
Group II, while attempting to localize the ulnar nerve,
three radial motor responses were recorded.

TABLE Incidence of ulnar and radial nerve stimulation during
localization of the radial and ulnar nerve, respectively

Ulnar nerve stimulation during radial 
nerve approach

Group I 15/30*
Anesthesiologist 1 7/15
Anesthesiologist 2 8/15

Radial nerve stimulation during ulnar 
nerve approach

Group II 3/30
Anesthesiologist 1 2/15
Anesthesiologist 2 1/15

*Significant difference P = 0.0015 Group I vs Group II.



Considering the frequency of motor responses
recorded on one nerve (radial or ulnar) while the anes-
thesiologist was attempting to localize the other (ulnar
or radial), the difference between the two groups is sig-
nificant (P = 0.0015). Unintended nerve stimulation
was similar for the two anesthesiologists (Table).

DDiissccuussssiioonn
During the radial nerve block, as described by Dupré,
the needle, inserted perpendicular to the skin, is in the
same plane as the ulnar and radial nerves (Figure).
Thus, the ulnar nerve may be stimulated during the
radial nerve approach; conversely, the radial nerve can
also be stimulated during the ulnar nerve approach.
The situation is different for the two other nerves.
The median nerve (already located) is positioned
above the humeral artery. During localization of the
musculocutaneous nerve the biceps brachialis muscle
is lifted up, allowing the needle to be introduced over
the plane of the median nerve.

Our results show that the ulnar nerve is stimulated
in half of the radial blocks, while the radial nerve is
stimulated in only one out of ten blocks in the inverse

sequence. Consequently, if the ulnar nerve is already
blocked, it might, theoretically, be injured in 50% of
cases during localization of the radial nerve as opposed
to a five times lesser occurrence of radial nerve injury
during ulnar nerve localization. 

The frequency of unintended nerve stimulation
must be related to the time required to complete the
procedure and to the onset time of sensory block. In
that respect the large study by Carles (1,417 patients)
is of major interest.3 The author showed that, using
Dupré’s technique, 10 ± 5 min are necessary to per-
form the block. The sensory block onset time is 10 ±
2 min for the ulnar nerve and 13 ± 5 min for the radi-
al nerve. Thus, knowing that a sensory ulnar nerve
block can be achieved in eight minutes and that com-
pletion of the entire humeral block may need 15 min,
it is obvious that deep nerves should be blocked
before superficial ones. 

The incidence of peripheral neuropathies for the
brachial plexus block through the humeral canal is
very low (range: 0–6.8%).3,4,6,7 In France, the number
of regional anesthetic procedures has increased 14-
fold between 1980 and 1996.8 Because of this recent
large increase it is mandatory to remain cautious when
interpreting good results concerning the safety of the
brachial plexus block through the humeral canal.

After a nerve block, the occurrence of neuropathy
can either be immediate or delayed. The mechanism
has not been elucidated. Moreover, we cannot rely on
paresthesia to predict nerve injury.9,10 Constant evolu-
tion of the number of procedures and unknown
mechanisms underline the importance of a rigorous
block sequence, particularly during a multi-stimula-
tion technique. This is emphasized by the poor out-
come of chronic neurological disabilities following
peripheral nerve blocks,11 and the fact that no study
has demonstrated that neurostimulation reduces neu-
rological complication rates.12

Finally we must emphasize the importance of the
local anesthetic used. The onset, duration and level of
sensory and motor blocks are all function of the type,
volume and concentration of the local anesthetic. More
information on different local anesthetics is required
since the majority of the published studies concerns
lidocaine.2–4 What is true for lidocaine may not be rele-
vant for ropivacaine, bupivacaine or L-bupivacaine. 

CCoonncclluussiioonn
Our results suggest that the radial nerve should be
blocked before the ulnar nerve when blocking the
brachial plexus at the humeral canal. The sequence
should then become median, radial, ulnar and muscu-
locutaneous nerve. 
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FIGURE Transverse section of the upper limb at the humeral
canal level
A = brachial artery; B = biceps brachialis muscle; BR = brachialis
muscle; CB = coracobrachialis muscle; D = deltoid muscle; T = tri-
ceps muscle; 1 = ulnar nerve; 2 = radial nerve; 3 = median nerve;
4 = musculocutaneous nerve; N = neurostimulation needle.
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