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• La fosse supraclaviculaire est un 
triangle considéré comme 
dangereux par les anatomistes et 
les chirurgiens !





Quels volumes ?
• Etudes Cliniques prospectives «up & down»

• Des volumes entre 5 et 10 ml seraient suffisant
• Extension sur C5-C6

surgery and no differences were seen in motor or sensory
block between groups. No block-related adverse events
were experienced in either group.

Discussion
This study found that an US-guided technique significantly
reduced the LA volume requirement for successful ISB
when compared with an NS-guided technique. In addition,
the use of US significantly reduces the number of needle
passes required, increases the ability to successfully localize
the brachial plexus, and also produces a more effective
analgesic block after surgery, despite the very low volumes
of LA used.

Shoulder surgery has previously been demonstrated to be
one of the more painful surgical procedures, especially when
performed as a day-surgery procedure.1 ISB provides signifi-
cant analgesic benefits2 and a number of recent studies5 8

using US-guided techniques have demonstrated that lower
volumes of LA can preserve respiratory function. However,
until now, it has not been clear whether these results could
also be obtained using a traditional NS-guided technique. A
study of US-guided interscalene block either using 5 or 20
ml ropivacaine 0.5% found that although postoperative
analgesia was identical in the first 24 h after surgery, there
was a significant reduction in adverse respiratory events in
the 5 ml group.5 That study was criticized because both
groups were performed with US and critics have questioned
whether successful low volume blocks are equally possible
with NS. This study demonstrates that although it is possible
to use low volumes with both techniques, the US technique is
superior to NS in this regard. In fact, despite all blocks being
performed or supervised by experienced practitioners in
NS-guided techniques, we found that a significant number
of NS patients needed to switch groups after reaching 10
needle passes. We initially assumed that the inability to
locate the plexus within this method would be rare, and
with the first three patients (patient numbers 5, 13, and

17) where this occurred, we used an intention-to-treat
model, subsequently reducing volume in the NS group for
the next patient. It became obvious that the inability to
obtain an NS endpoint at 10 needle passes or less was
common and that we would unfairly favour the volume in
the NS group if we continued with this method. Therefore,
for subsequent patients where the superior trunk could not
be localized within 10 needle passes (patient numbers 21,
24, 25, and 33), we removed the patients from further
study, placed the block using US, and used the same
volume for the next patient in that group. In the NS group
seven of 20 patients required an US-guided block because
a suitable NS endpoint was not obtained at 10 needle
passes or less. Patients in the NS group who required more
than 10 needle passes were successfully completed with
US on each occasion.

In this study, we limited the number of needle passes for
each technique and it may be that normally in NS-guided
blocks, anaesthetists frequently underestimate the number
of needle passes that they need to make for successful
nerve location. Recent research has also demonstrated that
false-negative responses can often occur with NS.9 Patients
fear regional anaesthesia for many reasons. In our experi-
ence, the fear of pain during block performance is often men-
tioned as a reason for avoiding peripheral nerve blocks.
Reducing the number of needle passes will inevitably
reduce block-related pain, increase acceptance of regional
techniques, and possibly reduce adverse events due to mis-
placement of needle tip during block performance.

The higher pain scores in the NS group in the present
study possibly relates to less precise placement of LA, even
though successful NS was performed. Other studies have
demonstrated that US is associated with greater brachial
plexus block success when compared with NS techniques;
this may be related to less accurate placement of LA in the
NS group.10 In addition, the greater pain scores in the NS
group in the present study may indicate that even when
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blockade between these 2 groups was tested by the
independent-samples t test on n ! 2 df. The corresponding
95% CI for mean difference in blockade between these
groups is reported.

RESULTS
Patient demographics are presented in Table 1. Per proto-
col, the study was stopped when 10 consecutive successful
interscalene blocks were achieved using 5 mL of 0.75%
ropivacaine. This protocol was met upon enrollment of 20
consecutive patients. No difficulties were encountered
while executing the injection protocol. No intraneural in-
jections occurred. All patients had successful surgical
blocks (overall success rate 100%; 95% CI assuming single
failure, 74%–100%); thus MEAV50 could not be calculated
(Figure 1).

For the group as a whole, the median (range) sensory
block onset time was 5 minutes,5–20 the median (range)
motor block for the biceps was 7.5 minutes,5–15 and for arm
abduction, 10 minutes.5–15 The median (range) block dura-
tion was 9.9 hours,5–19 and the mean (SD) block perfor-
mance time was 8 ("3.2) minutes. Mean duration of
analgesia was 9.9 " 3.74 hours. Duration of analgesia was
not associated with volume of LA used (Spearman r # 0.05,
P # 0.83). The 95% CI for the Spearman rank correlation
coefficient, as calculated after Fisher’s z transformation,

was !0.43 to 0.53; thus 95% of similar trials will likely show
no association between dose and duration. Block duration
did not differ between patients with successful blocks at 5
mL and those who required $5 mL for successful blocks
(9.4 " 3.4 and 10.4 " 4.2 hours, respectively; P # 0.55).
Moreover, no trend was discernible when a locally
weighted scatterplot smoothing procedure (LOWESS, ten-
sion ! # 0.6) was used to detect changes in duration of
analgesia for patients with doses higher than 5 mL (Fig. 2).
In our sample of patients, average block duration was 1
hour longer for those who required $5 mL for successful
block (95% CI !4.6 to 2.5 hours). It should be noted,
however, that the 95% CI is wide and includes the possi-
bility that patients in other trials who require $5 mL for
successful blocks could have shorter duration of blockade.

DISCUSSION
Under the conditions of our study, successful surgical
anesthesia for shoulder surgery was obtained in all 20
patients with as little as 5 mL of 0.75% ropivacaine, or 1.7
mL for each of the superior, middle, and inferior trunks of
the brachial plexus. This suggests that a substantial de-
crease in LA volume and dose is possible for surgically
successful interscalene block.

By convention, many clinicians use large volumes and
doses of LAs to ensure rapid onset and successful intersca-
lene brachial plexus blocks.6,13 However, lower volumes of
LA may reduce the risk of toxicity as well as unwanted
spread of LAs towards the centroneuraxis and the phrenic
nerve (diaphragmatic paralysis).14–16 This is because the
phrenic nerve (C3 to C5) is typically blocked when high
volumes of LA are used in brachial plexus blockade.17 For
instance, using an ultrasound-guided technique for inter-
scalene block, Riazi et al. reported that the incidence of
diaphragmatic paralysis was significantly lower in the

Figure 1. Injection volume of ropivacaine 0.75% in successive
patients.

Table 1. Demographic and Baseline
Information (n ! 20)

Mean " (SD)
Age (years) 53 " 14
Weight (kg) 76 " 16
Duration of surgery (minutes) 67 " 19
Number of patients

Gender (male/female) 8/12
ASA status

I 11
II 5
III 4

Surgical procedure
Acromioplasty/arthroscopy 3
Total shoulder replacement 3
Rotator cuff surgery/arthroscopy 7
Bankart/arthroscopy 1
Humeral fracture 3
Ablation of osteosynthesis 2
Bicipital suture 1

Figure 2. Duration of analgesia (the time to first pain sensation;
hours) in successive patients (locally weighted scatterplot smooth-
ing procedure, tension 0.6).
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Ultrasound-Guided Selective Versus Conventional Block of the
Medial Brachial Cutaneous and the Intercostobrachial Nerves

A Randomized Clinical Trial

Philippe Magazzeni, MD,* Denis Jochum, MD,† Gabriella Iohom, MD,‡ Gérard Mekler, MD,*
Eliane Albuisson, MD, PhD,§ and Hervé Bouaziz, MD, PhD*

Background and Objectives: For superficial surgery of anteromedial
and posteromedial surfaces of the upper arm, the medial brachial cutaneous
nerve (MBCN) and the intercostobrachial nerve (ICBN) must be selec-
tively blocked, in addition to an axillary brachial plexus block. We com-
pared efficacy of ultrasound-guided (USG) versus conventional block of
the MBCN and the ICBN.
Methods: Eighty-four patients, undergoing upper limb surgery, were ran-
domized to receive either USG (n = 42) or conventional (n = 42) block of
the MBCN and the ICBN with 1% mepivacaine. Sensory block was evalu-
ated using light-touch on the upper and lower half of the anteromedial and
posteromedial surfaces of the upper arm at 5, 10, 15, 20 minutes after nerve
blocks. The primary outcomewas the proportion of patients who had no sen-
sation in all 4 regions innervated by theMBCN and the ICBN at 20 minutes.
Secondary outcomes were onset time of complete anesthesia, volume of
local anesthetic, tourniquet tolerance, and quality of ultrasound images.
Results: In the USG group, 37 patients (88%) had no sensation at
20 minutes in any of the 4 areas tested versus 8 patients (19%) in the
conventional group (P < 0.001). When complete anesthesia was obtained,
it occurred within 10minutes in more than 90% of patients, in both groups.
Mean total volumes of local anesthetic used for blocking the MBCN and
the ICBN were similar in the 2 groups. Ultrasound images were of good
quality in only 20 (47.6%) of 42 patients. Forty-one patients (97.6%)
who received USG block were comfortable with the tourniquet versus
16 patients (38.1%) in the conventional group (P < 0.001).
Conclusions: Ultrasound guidance improved the efficacy of the MBCN
and ICBN blocks.

Clinical Trial Registration: This study was registered at ClinicalTrials.
gov, identifier NCT02940847.

(Reg Anesth Pain Med 2018;00: 00–00)

The medial brachial cutaneous nerve (MBCN) and the
intercostobrachial nerve (ICBN) innervate the medial surface

of the upper arm1 (Fig. 1) with a variable cutaneous distribution,
related to their size and their interconnections. The MBCN is a
branch of the medial cord of the brachial plexus. In the axilla, it
passes through the subcutaneous tissue, superficial to the brachial
fascia.2–4 The ICBN is not part of the brachial plexus; it usually

originates from the lateral branch of the second intercostal
nerve (T2); its course can be described as entering the medial
wall of the axilla, crossing the anterior aspect of the latissimus
dorsi muscle, and continuing into the posteromedial subcutane-
ous tissue of the upper arm.2,4,5 The MBCN and the ICBN are
often interconnected.4 In the axilla, they are separated from the
brachial plexus by the brachial fascia. Therefore, when an axillary
brachial plexus block (ABPB) is performed, the local anesthetic
solution may be prevented from spreading toward the MBCN
and ICBN.

A brachial plexus block alone, whether performed at the ax-
illa or more proximally, does not provide sufficient anesthesia for
the skin of the medial upper arm and elbow, because thoracic roots
contribute to the innervation of these areas. Surgeries, such as
superficialization of basilic vein for brachiobasilic arteriovenous
fistula, require anesthesia of MBCN and ICBN in addition to an
ABPB. These nerves are classically anesthetized by raising a sub-
cutaneous wheel of local anesthetic spanning the entire width of
the medial aspect of the arm at the level of the axilla, usually from
anteriorly to posteriorly.6 The failure rate of this blind infiltration
procedure is inherent to the technique used, although it has never
been quantified in the literature. The advent of high-performance
ultrasound systems has made ultrasound guidance during this pro-
cedure feasible. The nerves can often be identified on the ultra-
sound images (Figs. 2 and 3). Wijayasinghe et al7 described an
ultrasound-guided (USG) ICBN block in the thoracic region (sec-
ond intercostal space), whereas Wisotzky et al8 described it in the
axillary fossa. However, no study has ever compared the effective-
ness of the USG technique with the conventional blind technique
for MBCN and ICBN blocks. The primary objective of our study
was to compare the effectiveness of conventional and USG blocks
of the MBCN and the ICBN in the axillary fossa. Our hypothesis
was that the proportion of patients with complete anesthesia in the
entire posteromedial and anteromedial surface of the arm would
be greater if a USG techniquewere used, compared with a conven-
tional technique. The secondary objectives were onset time of
complete anesthesia, volume of local anesthetic used for the pro-
cedure, tourniquet tolerance during surgery, and ultrasound visi-
bility of MBCN and ICBN.

METHODS
We performed a single-blind randomized clinical trial in pa-

tients undergoing surgery of the upper limb (hand, forearm, elbow,
and anteromedial and posteromedial arm). Distal surgeries of the
upper limb were included because the tourniquet was placed in
the area of interest. Pregnant women, minor patients, and those
under guardianship were excluded. Anesthesia consisted of a
USGABPB and a block of theMBCN and the ICBN in the axilla,
with either conventional (conventional group) or USG technique
(USG group). The local anesthetic used was 1% mepivacaine
(Carbocaine; AstraZeneca, London, United Kingdom). Approval
from the Regional Ethics Committee (Comité de Protection des
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Personnes Est III) and consent from each patient were obtained.
This study was registered at ClinicalTrials.gov (NCT02940847).

We allocated patients to 1 of 2 groups, each including
42 patients, by block randomization (6 patients per block). Rou-
tine monitoring was applied, and intravenous access secured for
each patient. Ultrasound images were acquired with an M-Turbo
SonoSite device (Bothell, Washington), and a linear ultrasound
probe (HFL38X; 6–13 MHz, 38 mm; SonoSite) was used. Nerve
blocks were performed with 80-mm 22-gauge Sonoplex needles
(Pajunk Medical Systems LP, Norcross, Georgia) in awake pa-
tients through a single skin puncture.

In both groups, the median, radial, ulnar, musculocutaneous,
and medial antebrachial cutaneous nerves were blocked with a to-
tal of 30 mL of the local anesthetic solution. In patients allocated
to the conventional group, 3 to 6 mL of 1% mepivacaine (at the
discretion of the anesthesiologist) was infiltrated blindly subcuta-
neously at the same level of the axilla in the anteroposterior

direction prior to complete needle withdrawal. In patients allo-
cated to the USG group, the needle was redirected, and between
1 and 2 mL of 1% mepivacaine was injected around each visible
nerve branch (MBCN and ICBN); if the nerve branches were
not visible, 5 mL of the local anesthetic was injected (or less vol-
ume if the nerves appeared during the injection), in the subcutane-
ous area located above the brachial fascia, with a posterior
direction, toward the latissimus dorsi muscle.

Blockade of the MBCN and the ICBN was evaluated every
5 minutes in the first 20 minutes from the end of the injection in
4 areas: the upper half and the lower half of the anteromedial
and posteromedial surfaces of the upper arm. Cutaneous sensation
in each area was compared in the anesthetized and contralateral
arm using light-touch perception with cotton wool using an ordi-
nate scale: “no sensation,” “blunted sensation,” or “normal sen-
sation.” The primary outcome variable was the percentage of
patients experiencing “no sensation” at 20 minutes, in all 4 areas.

FIGURE 1. Skin distribution (and variations) of the MBCN and the ICBN (original image).

FIGURE 2. Transverse section of the axilla region, with the MBCN and the ICBN (original image). MABCN indicates medial antebrachial
cutaneous nerve; MCN, musculocutaneous nerve; MN, median nerve; RN, radial nerve; UN, ulnar nerve.
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Secondary Outcomes

The onset time of complete anesthesia was defined as the in-
terval between the end of injection and complete loss of sensory
function in a specific territory. The tourniquet tolerance was

recorded at the end of the surgery (comfortable, unpleasant, or
painful) as another means of assessing MBCN and ICBN block-
ade. The volume (in milliliters) of 1% mepivacaine used for
MBCN and ICBN block and ultrasound visibility of theses nerves
(categorized as good before and after injection, poor before and

FIGURE 3. Ultrasound images of the MBCN and the ICBN, using a 6–15 MHz linear probe for didactic purposes. AA indicates axillary artery;
MABCN, medial antebrachial cutaneous nerve; MCN, musculocutaneous nerve; MN, median nerve; RN, radial nerve; UN, ulnar nerve.

FIGURE 4. Consolidated Standards of Reporting Trials flow diagram.
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Distribution of Local Anesthetic Solutions within the 
Subarachnoid Space 

Nicholas M. Greene, MD 

Uptake of local anesthetics injected into the subarach- 
noid space determines which neuronal functions are 
affected during spinal anesthesia. Elimination of local 
anesthetics from the subarachnoid space determines 
the duration of these effects. Distribution of local an- 
esthetics within cerebrospinal fluid (CSF) determines 
the extent of altered neuronal function. Uptake and 
elimination have been reviewed previously (1). The 
present review deals with distribution, the determi- 
nant of the level of spinal anesthesia. 

Studies of drug distribution usually rest upon mea- 
surements of concentrations of the drug as a function 
of time after administration. Technical and ethical 
considerations make it impossible to take multiple 
samples of CSF at different levels of the subarachnoid 
space in patients. Reliance must, therefore, be placed 
upon estimates of distribution of local anesthetics in 
CSF not by measuring drug concentrations in CSF 
but, instead, by measuring the extent of neurologic 
responses to local anesthetics in CSF. The neurologic 
response that will be relied upon in this review, for 
estimation of local anesthetic distribution in CSF, is 
the spinal segmental level of anesthesia. Anesthesia 
is defined (for the present purposes only) as loss of 
pinprick sensation. This definition of anesthesia is 
employed because it is the definition most widely 
used by clinicians in determining the level to which 
local anesthetic solutions have spread. Differences be- 
tween the levels of anesthesia as thus defined and 
levels of analgesia, somatic motor paralysis, sympa- 
thetic denervation, and other forms of neuronal im- 
pairment are not dwelt upon. These other forms of 

Received from the Department of Anesthesiology, Yale Uni- 
versity School of Medicine, New Haven, Connecticut. Accepted 
for publication January 17, 1985. 

Address correspondence to Dr. Greene, Department of Anes- 
thesiology, Yale University School of Medicine, 333 Cedar Street, 
New Haven, CT 06510. 

neuronal impairment during spinal anesthesia reflect 
differences in uptake by different neuronal tissues 
and differences in sensitivity of various nerve tissues 
to the effects of local anesthetics. They are neuro- 
physiologically and clinically important, but they are 
basically irrelevant to the question addressed in this 
review: the factors that determine distribution of local 
anesthetic solutions in CSF. 

In using anesthesia as defined above as an index 
of distribution of local anesthetics in CSF, it should 
be noted that many of the studies on spinal anesthesia 
that will be cited, especially those from Britain, make 
a clear and, given the purpose of these studies, im- 
portant distinction between levels of anesthesia and 
levels of analgesia. These studies usually define an- 
algesia as inability to appreciate pinprick, and anes- 
thesia as the inability to appreciate touch (see Brown 
et al. (2)). The difference in definition of anesthesia, 
as used in these citations and as used in this review, 
should be borne in mind when the present text cites 
the levels of anesthesia reported in the British studies. 

Only the distribution of local anesthetic solutions 
in CSF will be considered. The distribution of in- 
trathecally administered opioids in CSF, a different 
subject, will not be considered. Furthermore, the re- 
view is limited primarily to anesthetic solutions that 
not only are approved for spinal anesthesia in the US 
but also enjoy widespread clinical use. 

Finally, distribution is considered in terms of levels 
of anesthesia after establishment of a pharmacologic 
steady state. Maximum levels of anesthesia are used 
as an index of maximum spread in CSF. Time to onset 
of anesthesia and time required to achieve maximum 
levels are not considered. 

Twenty-five factors have been invoked as deter- 
minants of the spread of local anesthetic solutions in 
CSF (Table 1). Some are hypothetical; though often 
cited, many of the hypothetical factors have not been 
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